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Editorial on the Research Topic

Innovations in older adult care and health service management: a focus

on China

Introduction

China stands at the forefront of a global demographic shift as home to over 260 million

people aged 60 and above – this accounts for one-fifth of the world’s total older adult

population and standing as the country with the largest number of older adults in the world

(1). A recent Lancet editorial on population aging in China argued that the traditional

model of care focussed on filial piety is unsustainable for China’s rapidly aging population

(2). Newer models of care and investments are vital to challenge the emerging crisis of

aged care in China. The Lancet Commission report from Peking University identified

some of the significant investments made by the Chinese government to support older

adults and improve aged care services (3). China is taking massive steps to strengthen

institutional and community care infrastructure both as a substitute to and to complement

the role of informal carers. Long-term care insurance (LTCI) has been piloted in many

cities in China to support older adults, with the government focussing on integration

of long-term care with health/hospital care. Given China’s unique regional segmentation

of health insurance systems and regulatory environment for care provision, the Lancet

Commission argued the necessity for better integration of services across regions and

occupations, capping LTCI initiatives, expanding services for older adults and striving for

a safer regulatory environment.

China’s rich cultural heritage and ethnic diversity are influential forces in developing

culturally acceptable health care services, particularly for older adults. The Chinese

government officially recognizes 56 distinct ethnic groups. The Han Chinese form the

majority, accounting for nearly 92% of the population. A large majority of these minority

groups are distributed regionally or in rural areas of Xinjiang, Tibet, Inner Mongolia,

Guangxi, and Yunnan (see Figure 1). It’s vital to note that each ethnic group bring their
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FIGURE 1

Ethnic and cultural diversity map of China. Source: Adapted from Perry-Castaneda Library Map Collection, Universty of Texas at Austin; Thematic

Collection Series. China has 34 administrative dicisions, including 23 provinces, five autonomous regions, four muncipalities and two special

administrative regions; China considers Taiwan as its 23rd province.

own beliefs and traditions and diversity introduces unique

challenges and opportunities for designing culturally sensitive and

accessible models of care. Health workforce issues also contributes

to major challenges in providing quality and accessible care (4, 5).

The need for this unique Research Topic stems from the

growing number of contributions on aged care innovation and

development from China to Frontiers in Public Health. We

are grateful for the overwhelming response from our colleagues

from China, who shared their excellent research. A total of

127 researchers contributed to this Research Topic. Overall, the

issue is already reaching the masses with over 30,000 views,

and 6,765 article downloads at the time of writing this editorial.

These articles will not only add to the body of knowledge

on aged care in China, but also provoke a re-examination

of the existing paradigms in aged care research and priorities

within China.

Synopsis of articles in the Research
Topic

In this issue we offer a rich and diverse collection of articles

coming from the breadth of China. A total of 10 articles included

research or evaluation arising from one administrative division,

while other articles included research coming from more than one

administrative division (see Table 1). A total of 127 researchers

from some of the leading academic institutions and health care

organizations from China have contributed to the Research Topic.

The bulk of the studies employed quantitative methodologies,

while four studies were distinguished by their use of qualitative

approaches. Among the articles that focussed on multiple

administrative divisions, Wang Y. et al., Zheng et al., Liu,

and Wan et al. conducted primary data collection either

through questionnaires survey or interviews. Eight studies utilized

secondary data from national longitudinal studies and other

administrative data. These included databases such as the China

Longitudinal Aging Social Survey data as in Luo J. et al., China

Civil Affairs Statistical Data as in Zhang et al., Chinese Longitudinal

Health Longevity Survey as in Sun and Meng, Liu et al., and Mai

et al. Two studies Qi et al. and Wen and Zhang utilized data

from China Health and Retirement Longitudinal Study. Li C. et al.

utilized data from the Living Conditions of China’s Urban and

Rural older persons.

Studies focussing on more than one
administrative division

Mai et al. utilized national longitudinal data to analyze factors

associated with the access to healthcare for older adults living

with limited activities. The authors argue that access to healthcare

services for older adults is mainly related to enabling factors such

as economic status, affordability for daily life and geographical

region. Being a study utilizing national data, the findings hold

relevance to policies to improve geographic reach of aged care

services and increasing health insurance reimbursement rates.

Interestingly, the authors also call for more involvement of family

members/informal carers in the provision of older adult care

– the traditional model for caring elders which was deemed
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TABLE 1 Studies in the Research Topic and setting (administrative division).

Studies with focus on one administrative division Studies with focus on multiple administrative divisions

Study Administrative
division

Study Administrative
divisions

National data
studies

Du et al. Gansu province Wang Y. et al. Beijing, Fujian, Gansu,

Guangdong, Guizhou, Hubei,

Heilongjiang, Hunan, Jiangxi,

Liaoning, Shandong,

Shanghai, Shanxi, Sichuan,

Tianjin, and Yunnan

Luo J. et al.

Zhou et al. Guangdong province Qi et al.

Ma H. et al. Hubei province Zhang et al.

Tang et al. Hunan province Sun and Meng

Luo Y. et al. Hunan province Zheng et al. Beijing, Guangdong, and

Shanghai

Liu et al.

Cen et al. Macau special administrative

region

Liu Beijing, Hubei, Jiangsu,

Liaoning, Shandong,

Shanghai, Shanxi, and

Zhejiang

Wen and Zhang

Li J. et al. Shanghai municipality Li C. et al.

Yin et al. Shanghai municipality Wan et al. Guangdong, Jiangsu, and

Shandong

Mai et al.

Ji and Yu Zhejiang province

MaW. et al. Zhejiang province

Wang Q. et al., Dai et al., and Yu et al. are theoretical studies.

unsustainable in the Lancet article mentioned earlier (2). Li C. et

al. utilized secondary data from the Living Conditions of China’s

Urban and Rural older populations to analyze the healthcare

needs and differences across four administrative divisions in China

(Jiangsu, Zhejiang, Beijing and Shanghai). The study concludes

that preexisting medical conditions, community aged care services,

education and marital status can influence the demand for aged

care in the divisions studied. Additionally, the study also notes

that the use of assistive technology such as smart wear use varied

across different population groups, and community care can have

a greater impact to older adults health. Ma W. et al., through their

cross-sectional study including 3 provinces in China (Guangdong,

Jiangsu and Shandong), examined participation and autonomy

among adults with stroke and hypertension in home/community-

based service provision. The authors call for improved community

care and an enhanced role for family physicians to promptly

identify low levels of social participation. This will enable prompt

identification of factors that affect social participation

Utilizing qualitative research methods, Liu examined the issue

of local governments’ purchase of older adult care services in

China. Zheng et al. focused on survey instrument development, and

collected primary data from three hospitals in China, examining

psychometric properties and validating the tool measuring self-care

for older adults. The study by Wang Y. et al. looked at multiple

regional populations across China to examine awareness of prostate

cancer among older adults. Identifying the awareness levels for

prostate cancer to be very low at 38%, the study called for public

health programs and improving access to prostate cancer screening.

Luo Y. et al. utilized the 2014 China Longitudinal Aging

Social Survey data to examine the role of informal carers (children

of older adults) in the provision of financial support for rural

older adults. The study identified that higher the level of financial

support the mental health of rural older adults is higher. Zhang

et al. utilized data from the China Civil Affairs Statistical Year

book and other relevant health departments to analyse the spatial

distribution of resources at long term care facilities in China.

They argued the need for regional policy initiatives, particularly

highlighting the development of human resources. Sun and Meng

analyzed longitudinal data from the Chinese Longitudinal Health

Longevity Survey and provided insights toward the role of informal

caregivers. The study identified that a majority of older adults had

positive attitude toward caregivers willingness to care and the care

they received.

Qi et al. utilized data from the China Health and Retirement

Longitudinal Study to explore the association between digital health

care reform and health inequity for older adults. Though an

interesting quasi experiment, they identified that digital health

care reform played a vital role in diminishing health inequity

and fostering inclusive growth in public health. Liu et al. utilized

longitudinal data from the Chinese Health Longevity Survey

and used a life course theory approach to access the impact

of childhood health services on healthy life expectancy of older

people. They called for improving supply chain systems and social

security expansion for aged care services. Wen and Zhang explored

how intergenerational support affects the oral healthcare of older

Chinese adults and provide evidence for improving the oral health

of the older adults in an aging society. Utilizing longitudinal data

from the China Health and Retirement Longitudinal study, they

stressed on the crucial role of intergenerational support and the

necessity of creating an age-friendly dental care system.
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Studies focussed on a single administrative
division

Li C. et al. conducted a survey of family caregivers and their

disabled older relatives in Shanghai to understand the preferences

of family members to care for older relatives. They identified

that sense of responsibility and quality of caregiver-care recipient

relationship had greater impact on care. A study by Yin et al.

assessed the differences in demographic characteristics, symptoms,

lifestyles, and disease comorbidities of COPD patients. Du et al.

conducted a large community-based cross sectional study on

knowledge of eye care utilization among 50+ older adults in

73 rural villages of Qingcheng country, Gansu province. While

a better understanding of cataracts was significantly associated

with cataract screening, the authors identified a misunderstanding

of cataract treatment costs and timings in the rural areas.

Health education activities and public health program were

considered vital.

Zhou et al. investigated 627 older adults from community

health centers, nursing homes and hospitals at Guangzhou province

to explore perceptions on family care, depression, and quality

of life. Interestingly the authors argued that family care was

positively associated with purpose in life and could contribute to

promoting mental health in older adults. Ma H. et al. in their

study at Hubei province, looked at the design of long-term care

insurance by examining the preferences of personalized needs for

older adult residents. They identified that residents have a higher

preference for long term care insurance and home and community-

based care. Tang conducted a study on social support and mutual

help needs including rural population in four regions of Hunan

province. Surveying a sample of over 2000 older adults, the authors

identified the importance of developing rural mutual support aged

care services, and encouraged both young and older adults to

join volunteer services on mutual support groups. Luo J. et al.

examined perceptions of paid caregivers toward fall prevention

among older adults in Hunan province, concluding that enhanced

communication and cooperation were vital in falls risk assessment,

prevention and management.

Cen et al.’s study from Macao, China, explored the

implementation of outreach specialist program for nursing home

residents. Examining data from 49 qualitative semi structured

interviews of health care professionals, they argued that outreach

specialist programs enhanced quality of care for nursing home

residents. They also argued that cross-sector interdisciplinary

collaboration and efficient data sharing and communication play

a crucial role in ensuring success of the program. Li J. et al.

conducted a survey of family caregivers and their disabled older

relatives in Shanghai to identify the family caregiver’s willingness

to care. Interestingly the authors argued that reciprocal altruism

presented as the quality of caregiver-care recipient relationship

had a significant positive impact on family caregivers’ willingness

to care. Yin et al.’s study from Shanghai assessed if spirometry

screening was required for chronic obstructive pulmonary disease,

and newly diagnosed patients showed few differences compared

with the general population and more attention was required on

presenting symptoms, along with new therapies.

Ji and Yu study measured the level of older adult care service

supply in Zhejiang province from 2010 to 2019.The study provided

valuable insights for policy formulation in developing countries

within the Asia-Pacific region and beyond, aiming to enhance the

supply capacity of older adult care services and optimize the spatial

distribution of resources in this domain. Ma W. et al. in their study

based at Zhejiang province investigated the current knowledge of

Alzheimer’s disease among community health service staff. The

authors argued that community health service staff had limited

knowledge of Alzheimer’s disease, particularly on identifying

symptoms and on caregiving approaches. They proposed well

developed staff training programs on Alzheimer’s disease.

Three studies by Wang Q. et al., Dai et al., and Yu et al. were

theory building studies. Wang Q. et al. used evolutionary gaming

models to examine the performance of governments and describe

the optimal path for the government to govern the older adult care

service market. Dai et al., through an online Delphi study involving

198 older adults, examined the older adult care’s smart supply chain,

and argued the necessity to improve supply chain system as well as

social security for aged care be expanded.

Key messages and future directions

Our issue makes the case for newly emerged evidence that

helps to draw a picture of the current development and investment

and future direction of aged care services in China. First, family

members or informal carers continue to play a major role in

the provision for care for older adult, which was more visible in

studies coming from regional areas of China. Studies indicated

that the quality of caregiver-care recipient relationship have greater

impact on care, and family care in general and improved financial

contribution by children have a positive effect on promoting

mental health of older adults. Second, there exists an undeniable

preference for home care and community-based models witnessed

from research arising both in urban as well as regional provinces.

A number of studies have identified the importance of improving

access and availability of services to reach homes in regional

areas and reducing inequality of service provision. Integrated

service provision and connecting home care personnel with the

mainstream health and hospital care offers avenue to bridge

differences. Third, smart technologies are seen as an avenue to

reduce health care inequalities and bridging the gap between

workforce availability and access to services. Fourth, the role of

educational and training programs for older adults, caregivers as

well as health professionals on various conditions, diseases and

services was considered important. Awareness campaigns as well

as screening programs were argued to improve the prevention

and management of several chronic conditions. Finally, a few

successful models of care for older adults have been identified

in the work. This includes intergenerational care, mutual support

groups and importance of volunteering. Additionally, specialist

outreach models for aged care and the adoption of interdisciplinary

approaches have also emerged as vital in providing services aligned

with the needs and demands of older adults.
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The quality of healthcare services is related to the quality of life of older

people in their later years. A comprehensive evaluation of the healthcare needs

of the elderly is the basic basis for providing targeted healthcare services

for the elderly population. Taking the Yangtze River Delta region of China

as an example, this article constructs an index system for evaluating the

healthcare needs among the elderly, and explores the healthcare needs of

the elderly and the influencing factors based on Dataset of the Fourth Sample

Survey on the Living Conditions of China’s Urban and Rural Older Persons.

The study concludes that: ① Age 75 is the cut-o� point for the healthcare

needs of the elderly, with the growth of healthcare needs of the elderly

aged 60–75 relatively flat and the growth of healthcare needs of the elderly

aged 75 and above rising sharply. ② There is a wide variation in the Daily

Activities Care Index, Incontinence Index and Aids Use Index scores and their

indicators, as reflected in the di�erences in healthcare needs of older people

in di�erent age groups and in urban and rural areas. ③ Healthcare needs

of the elderly show a high positive correlation with the Daily Activities Care

Index and Incontinence Index; healthcare needs of the elderly show a cubic

function curve correlation with the assistive device use index. ④ Community

elderly healthcare services are conditions that influence the demand for elderly

healthcare, but the low proportion of elderly people staying in elderly care

institutions is due to a combination of low a�ordability, general quality of

elderly care services and cultural factors. ⑤ Educational attainment andmarital

status are micro-conditions that influence the demand for healthcare in old

age. In terms of educational attainment, elderly people who have not attended

school have an increasing need for healthcare as they get elderly. In terms

of marriage, there is a strong negative correlation between the willingness to

healthcare needs among elderly people with a spouse and a strong willingness

to healthcare needs among elderly people who are widowed.

KEYWORDS

healthcare needs di�erences, comprehensive evaluation, influencing factors, Yangtze

River Delta region, China
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Introduction

Aging is both a sign of rising life expectancy per capita and

social progress, and a challenge for society. Life expectancy per

capita in China in 2020 is 77.93 years. At the same time, the

rapid increase in the elderly population poses a huge challenge

to society. Data from the Seventh Population Census shows that

in 2020, China will have 260.02 million elderly aged 60 years and

above, accounting for 18.70% of the total population, and 190.64

million people aged 65 years and above, accounting for 13.50%

of the total population, with the proportion of people aged

60 years and above rising by 5.44 percentage points compared

to 2010 (1). According to forecasts, the size of China’s elderly

population will reach 412 million in 2035, and the number of

senior citizens aged 80 and above will reach 61 million and 110

million in 2035 and 2050, respectively, with China maintaining

the world’s largest senior population for some time to come

(2). Accompanying rapid aging is the issue of healthcare for the

elderly, which has led to an increasing demand for health care

among the elderly due to the decline in physiological functions

and a significant increase in disease rates. With the combined

impact of an aging population, advanced aging, empty nesting

families and the weakening of traditional elderly care functions,

the issue of health care services for a large number of empty

nesters, the elderly who are left alone and disabled has become a

focal point of concern for all sectors of society (3).

An overview of academic research on health care and its

influencing factors in China’s elderly population is as follows.

First, analysis of the current situation of healthcare services

for the elderly. How to improve the detection rate of cognitive

impairment among the elderly and ensure the continuity and

effectiveness of long-term care for the elderly with cognitive

impairment are the main risks and challenges facing care

support for the elderly with cognitive impairment in China

(4). The proportion of unmet care needs remained above 50%

between 2005 and 2018; care resources tend to favor the elderly

with moderate to severe disability, with the elderly with mild

disability being the blind spot for care; although almost all

elderly with moderate to severe disability have someone to care

for them, they still need more care (5). In terms of development

status, China’s disabled and semi-disabled elderly population

is growing rapidly and is unevenly distributed between urban

and rural areas, with the probability of entering moderate and

severe disability increasing with age and deteriorating initial

Abbreviations: DCI, Daily Activities Care Index; ICI, Incontinence Index;

AUI, Aids Use Index; HCCI, Healthcare Composite Index; U&R, Urban and

Rural; JS, Jiangsu; SH, Shanghai; ZJ, Zhejiang; AH, Anhui; YRD, Yangtze

River Delta Region; PG, Presbyopia glasses; HA, Hearing aids; UoD, Use

of Dentures; UoC, Use of Crutches; UoW, Use of Wheelchairs; BPM,

Blood Pressure Monitors; BGM, Blood Glucose Meters; CP, Care Pads; MI,

Massage Instruments; SW, Smart Wear; CB, Care Beds; OA, Other Aids.

health status in both urban and rural areas (6). The disability

rate is higher than the incapacity rate in all age groups, but

the incapacity rate increases more slowly then faster than the

disability rate (7). The effect of time on the ability of older people

to care for themselves has a random effect and is moderated

by constant covariates over time (8). In terms of policy effects,

although China has made great progress in the area of health

care for the elderly, the policy on care for the disabled elderly

faces many challenges, including imprecise policy positioning,

lagging integrated policies, large differences in the level of care

protection, inadequate coverage groups and responsible parties,

and inadequate information on policy support recipients (9).

The development of policies needs to be based on the analysis

of the functional status of the elderly, the long-term care needs

of the elderly and the future trends of the elderly based on

the analysis of the elderly with disabilities and the elderly with

dementia (10).

Second, analyses of the factors influencing healthcare for

the elderly. Geriatric healthcare needs are diverse and multi-

level, and they vary significantly among different age groups.

The influence of healthcare for the elderly is influenced by a

combination of many factors such as age, place of residence,

education level and psychological status (11–13). Specifically,

it is reflected in many aspects such as economic factors, policy

factors, and social support. ① In terms of economic factors,

the socio-economic status of Chinese elderly people is positively

correlated with the receipt of appropriate medical care (14), and

higher annual household income has a positive impact on the

care of disabled elderly people in China (15).② In terms of policy

factors, public elderly care institutions are gradually developing

from purely public welfare institutions to diversified investment

and services (16), with problems such as low accessibility and

underutilization of services, structural imbalance and system

separation, insufficient supply capacity of private institutions,

and multiple funding dilemmas (17). Due to the problems in the

positioning of functions, operational mechanisms and resource

allocation of public elderly institutions, the development of

public elderly institutions is not dynamic enough (18, 19). ③

Social support has been shown to be related to the health

status of elderly people, with living with family members more

likely to have higher levels of self-rated health (20). The impact

of social support on the mental health of urban and rural

elderly people is markedly different, with social support having

a significant impact on the mental health of urban elderly

people but not rural elderly people (21), and the most important

factor limiting healthy aging in China’s rural empty nesters is

not physical health but social participation (22). In terms of

health status, elderly people with chronic illnesses are at higher

risk of mental disorders, particularly depression. Respondents

who were female, on a low income, had a disability, lived in

a rural area and were not working were more likely to have

depressive symptoms. Conversely, those with increasing age,

social insurance and good education were protective (23).
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In summary, the above studies provide useful references

for research on healthcare for the elderly, but there are also

some areas that deserve further exploration. Most studies have

examined the issue of healthcare for the elderly from the

perspective of the supply side, and there is insufficient research

on the evaluation of the demand side of the elderly, and there is a

lack of indicator system construction and empirical analysis for

the evaluation of the healthcare needs of the elderly population.

Therefore, we take the Yangtze River Delta region of China as

an example to evaluate the differences in healthcare needs of the

elderly population and the influencing factors.

The above studies provide useful references for elderly health

care research, but most studies examine the issue of elderly

health care from a supply-side perspective, with little research

on the differences in demand for elderly healthcare, and even

less on the differences in demand for elderly health care between

urban and rural areas, and a lack of analysis of the factors

influencing the demand for elderly healthcare in urban and

rural areas. Based on this, the study takes the Yangtze River

Delta (YRD) region of China, a representative region in terms

of aging, as an example, and analyses the difference in demand

for elderly health care and its influencing factors between urban

and rural areas in the YRD region. Healthcare for the elderly

in this study refers to long-term care services due to physical

incapacity, incontinence and physiological decline. The study

will construct a comprehensive healthcare index to reveal the

urban-rural differences in health care for the elderly in the

Yangtze River Delta region in terms of three dimensions: daily

activities, incontinence analysis and use of assistive devices,

which will provide an important basis for accurately grasping

the resource demand for care services for the elderly population

and scientifically predicting and planning future elderly care

institutions. The article is divided into six parts: Part 1 is an

introduction, Part 2 is an overview of the study region and

data sources, Part 3 is the research methodology and indicator

construction, Part 4 is an evaluation of the healthcare needs

of the elderly population, Part 5 is an analysis of the factors

influencing the healthcare needs of the elderly, and Part 6 is

discussions and conclusion.

Study area and data sources

Overview of the study area

The Yangtze River Delta region is located in the lower

reaches of the Yangtze River basin, an alluvial plain formed

before the Yangtze River enters the sea, and belongs to the

subtropical humid monsoon climate zone. Administratively, the

Yangtze River Delta region includes three provinces and one city,

including Jiangsu Province, Zhejiang Province, Anhui Province

and Mega-city Shanghai, with a land area of 358,000 km2 and

is one of the most livable and densely populated regions in

China (24–27), accounting for 16.75% of China’s population

FIGURE 1

Research region.

size (Figure 1); GDP exceeds RMB 27.61 trillion, accounting

for 24.14% of China’s total economy; the urbanization rate of

the resident population exceeds 60%, making it one of the six

world-class urban agglomerations, the center of gravity region

of China’s industrial chain, and one of the most developed and

active regions of China’s economy (28).

As a result of improvements in people’s living standards and

healthcare in the Yangtze River Delta region, life expectancy

per capita has continued to rise, while fertility rates continue

to remain low, exacerbating the extent of population aging in

the region. According to data from the 7th National Population

Census (29–32), in 2020, the size of the elderly population aged

60 and above in the Yangtze River Delta region was ∼47.87

million, accounting for 20.35% of the population. Among them,

the size of the population aged 60 and above in Jiangsu Province

is 185,053,345, accounting for 21.84%; the size of the population

aged 60 and above in Shanghai is 58,195,580, accounting for

23.40%; the size of the population aged 60 and above in Zhejiang

Province is 12,072,684, accounting for 18.70%; the size of the

population aged 60 and above in Anhui Province is 11,469,236,

accounting for 18.79%.

Data sources

The data for this study were obtained from the Dataset of

the Fourth Sample Survey on the Living Conditions of China’s

Urban and Rural Older Persons (Jiangsu Sub-volume, Shanghai
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Sub-volume, Zhejiang Sub-volume and Anhui Sub-volume),

compiled by the China National Committee on Aging (33–

36). The fourth sample survey on the living conditions of the

elderly in urban and rural areas in China was conducted from

1 August to 31 August 2015. The data of the sample survey

were collected through a network of civil affairs and aging

agencies, such as “provinces and cities—districts (counties)—

streets (towns)”, using a “stratified, multi-stage PPS, last-stage

equal probability” approximate self-weighted sample sampling

design. Taking into account the current dual economic structure

between urban and rural areas in China, the fourth survey was

designed in an urban-rural split, which provided a solid data

base for our study of healthcare disparities between the urban

and rural elderly populations.

There were 41,041 elderly respondents in the Yangtze

River Delta region, with 38.58, 23.39, 10.48, and 27.55% of

the sample from Jiangsu, Zhejiang, Shanghai, and Anhui,

respectively. In terms of gender structure, 48.63% of the elderly

respondents were male and 51.37% were female in the Yangtze

River Delta region; in terms of education level, 39.78, 33.44,

16.23, 6.96, 2.23, and 1.36% had not attended school, primary

school (including literacy classes), junior high school, high

school/junior college/vocational high school, undergraduate

level, and bachelor’s degree and above, respectively. On marital

status, 63.37, 32.46, 2.84, and 1.33% were spouse, widowed,

divorced and never married, respectively; on health self-

assessment, 7.07, 30.04, 40.75, 18.11, and 4.03% considered their

health to be very good, relatively good, average, poor and very

poor, respectively.

Research methodology and
indicator construction

Methods

Healthcare composite index

The Healthcare Composite Index consists of Daily Activities

Care Index (DCI), the Incontinence Index (ICI) and Aids Use

Index (AUI), which reflect the level of healthcare needs of elderly

people. Daily Activities Care Index (DCI), Incontinence Index

(ICI) and Aids Use Index (AUI) reflect the level of healthcare

needs of elderly people in a particular area. The higher the value

of these three indices, the greater the level of healthcare needs of

the elderly. The healthcare index was constructed by combining

the characteristics of the sample data.

① Daily Activities Care Index, which is measured by

the formula

DCI = (
∑ uDj

UDj
× fi)/n (1)

In the above equation, uDj is the sample size of an indicator

of Daily Activities Care checked by elderly people in a certain

age group; UDj is the total sample size of an indicator of daily

activities care checked and unchecked by elderly people in a

certain age group. j indicates the checkbox option, and there are

three checkbox options in this study, namely “can do”, “some

difficulty” and “can’t do”. fi assigns values to the ticked options,

taking into account the characteristics of the sample data, n

indicates the number of indicators in the Daily Activities Care

Index (DCI), which in this study is 6. DCI is the Daily Activities

Care Index and the higher the value, the greater the need for

daily activities care.

② Construct Incontinence Index, which is measured by

the formula

ICI =

∑

1/(uI/UI)

n
(2)

In the above equation, uI is the sample size of elderly people

in an age group who ticked an option in the Incontinence Index;

UI is the total sample size of elderly people in an age group

who ticked and unticked an option in the Incontinence Index.

n indicates the number of indicators in the Incontinence Index,

which in this study is 3. ICI is the Incontinence Index and the

higher the value, the greater the degree of incontinence.

③ Construct Aids Use Index, which is measured by

AUI =

∑

1/(uA/UA)

n
(3)

In the above equation, uA is the number of elderly people

in an age group who ticked an option in the Aids Use Index;

UA is the total number of elderly people in an age group who

ticked and unticked an option in the Aids Use Index. n indicates

the number of indicators in the Aids Use Index, 12 indicators in

this study. AUI is the Aids Use Index, the higher the value, the

greater the demand for aids. The higher the value, the greater the

demand for the aid.

④ Construct Healthcare Composite Index, which is

measured by

HCCI = DCI + ICI + AUI (4)

In the above equation, HCCI is the Healthcare Composite

Index, DCI, ICI and AUI are the Daily Activities Care Index,

Incontinence Index and Aids Use Index, respectively. The higher

the value ofHCCI, the higher the healthcare needs of the elderly.

Coe�cient of variation

The coefficient of variation, also known as the standard

deviation coefficient, is a measure of the degree of variation or

dispersion of the sign values of the units of the total, and is

meant to be the relative number of the standard deviation of
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the units of the total compared to their arithmetic mean. Where

the standard deviation is the square root of the arithmetic mean

of the sum of the squared deviations of the sign values of the

units of the overall population from their arithmetic mean. The

standard deviation is usually expressed as σ and the coefficient

of variation as CV. The formula for measuring the standard

deviation is (37).

σ =

√

∑

(x− x̄)2

n
(5)

In the above equation, σ represents the standard deviation,

n represents the number of samples, x represents the sign value

of each unit and x̄represents the mean of the sign values of

each unit.

The formula for measuring the coefficient of variation is

CV =
σ

µ
=

√

∑

(x− x̄)2

n
/µ (6)

In the above equation, CV represents the coefficient of

variation, σ represents the standard deviation and µ represents

the arithmetic mean.

We will use the coefficient of variation to measure

differences in the healthcare needs of the elderly population

between different age groups and urban and rural areas to reveal

the characteristics of the differences in their healthcare needs by

age group and urban and rural areas.

Correlation analysis

The scatter plot is the most visual method used to express

correlation analysis. The correlation coefficient is a collective

term for a class of indicators that measure the correlation

between variables (38, 39).

The common correlations are linear correlation, curvilinear

correlation, positive correlation, and negative correlation. The

Person correlation coefficient, also known as the product-

difference correlation coefficient, is a common metric for

quantitatively describing the degree of linear correlation. The

formula for measuring the Person correlation coefficient is

r =

∑

(xi −
−
x )(yi −

−
y )

√

(xi −
−
x )

2
√

(yi −
−
y )

2
(7)

In Equation 7, xi and yi are the variables, x̄ and ȳ are

the means of variables xi and yi, and r is the correlation

coefficient. The maximum correlation coefficient is 1. The closer

the absolute value of the correlation coefficient is to 1, the

stronger the correlation between the variables. Our study will

measure the correlation coefficient between Geriatric healthcare

needs and its influencing variables using correlation coefficients,

and visually express the relationship between them by means of

scatter plots.

Indicator system construction

Activity of Daily Life (ADL) is a commonly used

international measurement tool for assessing basic independent

living and activity in older people and is the most important

indicator of the health care needs of older people, with six

assessment items including bathing, dressing, toileting, mobility,

continence control and eating (40, 41). Although the ADL index

is widely accepted and commonly used globally, its assessment

reliability has been criticized due to the high subjectivity

of respondents. Therefore, this study adds the evaluation of

objective indicators, such as the use of aids, in addition to

the design of common ADL indicators, to make its evaluation

more completed. The core indicators of the comprehensive

healthcare index consist of three aspects: Daily Activities Care

Index, Incontinence Index, and Aids Use Index, with a total

of 21 three-level indicators; the reference indicators consist of

education level, marital status, and willingness to pay for moving

into a nursing home, with a total of 16 options for these three

indicators (Table 1). We will use the 21 three-level indicators to

measure the Daily Activities Care Index, Incontinence Index and

Aids Use Index respectively to reflect the healthcare needs of the

elderly population in the Yangtze River Delta region and reveal

the characteristics of their differences.

Daily Activities Care. This type of indicator reflects the

basic activities of daily living of elderly people and provides a

comprehensive picture of the level of need for daily activities

care in terms of basic eating, dressing, toileting, getting in and

out of bed, bathing and walking around indoors.

Incontinence. As we age, the sphincter muscle becomes

relaxed and damaged due to aging, resulting in loss of control

over bowel movements and incontinence. Incontinence has a

serious impact on the quality of life of elderly people in their

later years and is an important aspect of healthcare.

Aids Use. As they age, some elderly people are relying on aids

such as presbyopia glasses, hearing aids, crutches, wheelchairs,

care beds and nursing mats. On the one hand, the use of assistive

devices indicates an increase in the level of healthcare for the

elderly population; on the other hand, it is the use of assistive

devices that has contributed to some of the elderly population

becoming somewhat less dependent on others for care and partly

self-managing their health.

Level of Education. Educational attainment has a significant

impact on healthcare for elderly people, with the more educated

elderly group being slightly better at smart dressing, healthy

eating and scientific knowledge for their own healthcare.
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TABLE 1 Healthcare indicator system.

Secondary

indicators

Tertiary indicators Options

Daily activities care

index

Meal situation Can do/Some

difficulties/Can’t do

Clothing situation Can do/Some

difficulties/Can’t do

Go to the toilet Can do/Some

difficulties/Can’t do

Get in and out of bed Can do/Some

difficulties/Can’t do

Walking around indoors Can do/Some

difficulties/Can’t do

Bathing situation Can do/Some

difficulties/Can’t do

Incontinence index Fecal incontinence Yes/No

Urinary incontinence Yes/No

Have incontinence Yes/No

Aids use index Use of presbyopia glasses Yes/No

Use of hearing aids Yes/No

Use of dentures Yes/No

Use of crutches Yes/No

Use of wheelchairs Yes/No

Use of blood pressure

monitors

Yes/No

Use of blood glucose meters Yes/No

Use of care pads Yes/No

Use of massage instruments Yes/No

Use of smart wear Yes/No

Use of care beds Yes/No

Use of other aids Yes/No

Level of education No schooling Yes/No

Primary schools (including

literacy classes)

Yes/No

Junior High School Yes/No

High School Yes/No

Undergraduate level Yes/No

Bachelor and above Yes/No

Marital status With a spouse Yes/No

Bereaved spouse Yes/No

Divorced Yes/No

Never married Yes/No

Willingness to

move into nursing

home expenses

Less than $1000 Yes/No

$1000–$1999 Yes/No

$2000–$2999 Yes/No

$3000–$3999 Yes/No

$4000–$4999 Yes/No

More than $5000 Yes/No

Marital Status. Marital status plays an important role in the

healthcare of elderly people in later life, as reflected in themutual

care of their partners.

The cost expenditure range for willingness to move into a

nursing home. This indicator is mainly used for the analysis

of the economic influences on healthcare in different elderly

groups, which we will explain further in the text.

Comprehensive assessment of
healthcare needs among elderly
population

General analysis of healthcare needs
among elderly population

This section provides a comprehensive evaluation of the

healthcare needs of elderly people in the Yangtze River Delta

region and the healthcare needs of elderly people in Jiangsu,

Shanghai, Zhejiang and Anhui in the Yangtze River Delta

region, respectively.

Firstly, a comprehensive evaluation of the healthcare needs

of elderly people in the Yangtze River Delta region revealed three

characteristics in terms of their healthcare needs (Table 2).

Characteristic one: the healthcare composite index of the

elderly population in the Yangtze River Delta region gradually

increases with age. The healthcare needs of the elderly aged 60–

64 are relatively the smallest, and those aged 85 and above are

relatively the largest. In terms of age structure, the healthcare

needs of the three age groups of 60–64, 65–69, and 70–74 years

old grew relatively slowly, with the Healthcare Composite Index

increasing from 3.162 to 3.264, a growth rate of 3.25%, while the

healthcare needs of the three age groups of 75–79, 80–84, and 85

years old and above grew relatively quickly, with the Healthcare

The overall index increased from 3.370 to 3.797, with a growth

rate of 12.67%.

Characteristic two: elderly people have a higher level of need

for daily activities care than for incontinence care, and a higher

level of need for incontinence care than for the use of aids.

Compared to the 60–64 age group, the index of daily activities

care expanded from 1.031 to 1.473, the index of incontinence

from 1.016 to 1.157, and the index of aids use from 1.116 to 1.167

for the 85+ age group, with growth rates of 42.87%, 13.88%, and

4.57% for the three, respectively.

Characteristic three: there is little difference between the

urban and rural elderly populations in the Yangtze River Delta

in terms of incontinence care, but there are large differences in

the need for daily activities care and the use of assistive devices.

In terms of daily activities care needs, the growth rate of the DCI

index is 43.91% in urban areas of the Yangtze River Delta and

41.89% in rural areas, with a difference of 2.02 percentage points

between urban and rural growth rates. The growth rate of the

ICI index is 13.83% in urban areas of the Yangtze River Delta and
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TABLE 2 Elderly healthcare index measurements in the Yangtze River Delta region.

Indicators Age group Daily activities Incontinence Aids use Healthcare

care index index index composite index

Region

Yangtze River Delta region 60–64 1.031 1.016 1.116 3.162

(urban and rural regions of 65–69 1.049 1.029 1.131 3.209

Jiangsu, Shanghai, Zhejiang, Anhui) 70–74 1.088 1.041 1.135 3.264

75–79 1.162 1.066 1.142 3.370

80–84 1.245 1.083 1.165 3.493

85+ 1.473 1.157 1.167 3.797

Yangtze River Delta region 60–64 1.027 1.012 1.137 3.175

(urban regions of Jiangsu, 65–69 1.038 1.019 1.163 3.219

Shanghai, Zhejiang and Anhui) 70–74 1.081 1.028 1.170 3.279

75–79 1.146 1.055 1.180 3.381

80–84 1.266 1.091 1.207 3.564

85+ 1.478 1.152 1.206 3.836

Yangtze River Delta region 60–64 1.036 1.022 1.090 3.148

(rural regions of Jiangsu, 65–69 1.065 1.042 1.097 3.204

Shanghai, Zhejiang and Anhui) 70–74 1.098 1.059 1.097 3.254

75–79 1.184 1.081 1.100 3.365

80–84 1.212 1.070 1.110 3.391

85+ 1.470 1.165 1.122 3.756

TABLE 3 Aged healthcare composite index for Jiangsu, Shanghai, Zhejiang and Anhui.

Region Type 60–64 65–69 70–74 75–79 80–84 85+

Jiangsu U & R 3.130 3.171 3.236 3.341 3.459 3.725

Jiangsu Urban 3.139 3.164 3.243 3.342 3.535 3.747

Jiangsu Rural 3.115 3.186 3.226 3.346 3.330 3.715

Shanghai U & R 3.191 3.241 3.320 3.461 3.596 3.862

Shanghai Urban 3.211 3.266 3.321 3.472 3.633 3.902

Shanghai Rural 3.079 3.142 3.338 3.457 3.440 3.672

Zhejiang U & R 3.236 3.290 3.313 3.332 3.435 3.685

Zhejiang Urban 3.254 3.312 3.347 3.354 3.513 3.854

Zhejiang Rural 3.218 3.270 3.284 3.312 3.346 3.456

Anhui U & R 3.157 3.212 3.280 3.443 3.565 4.011

Anhui Urban 3.171 3.241 3.310 3.478 3.656 3.992

Anhui Rural 3.151 3.200 3.267 3.425 3.488 4.044

13.99% in rural areas, with a difference of 0.16 percentage points

between urban and rural areas; the growth rate of the AUI index

is 6.07% in urban areas of the Yangtze River Delta and 2.94% in

rural areas, with a difference of 3.13 percentage points between

urban and rural areas.

Secondly, the healthcare needs of elderly people in the

Yangtze River Delta region were evaluated in Jiangsu, Shanghai,

Zhejiang and Anhui (Table 3).

Overall, the Healthcare Composite Index (HCCI) in Jiangsu,

Shanghai, Zhejiang and Anhui all show a gradual increase with

age, with the higher the age of the elderly population, the greater

the level of healthcare needs. The coefficient of variation for

60–64, 65–69, and 70–74 years is below 0.015, but increases

to 0.020 for 75–79 years and rapidly to 0.039 for 85 years

and over.

In terms of urban areas, the demand for elderly healthcare in

Jiangsu, Shanghai, Zhejiang and Anhui is gradually increasing,

with the average HCCI index for urban areas in Jiangsu,

Shanghai, Zhejiang and Anhui increasing from 3.194 in the 60–

64 age group to 3.874 in the 85+ age group, an increase of
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21.29 percentage points. The overall variation in the HCCI index

for urban areas shows a fluctuating pattern of “up–down–up–

down–up”, with a coefficient of variation of 0.016 for the 60–

64 age group and 0.026 for the 85+ age group, representing a

growth rate of 68.90%.

In terms of rural areas, the demand for healthcare in

rural areas in Jiangsu, Shanghai, Zhejiang and Anhui is

gradually increasing, with the average HCCI index in rural areas

increasing from 3.141 in the 60–64 age group to 3.722 in the

85+ age group, an increase of 18.50 percentage points, slightly

lower than in urban areas. The overall variation in the HCCI

index in rural areas showed a “downward–upward” trend, with

the coefficient of variation decreasing from 0.019 for the 60–64

FIGURE 2

Daily activities care index for elderly people in Jiangsu,

Shanghai, Zhejiang and Anhui.

age group to 0.014 for the 70–74 age group and then increasing

to 0.065 for the 85+ age group, an increase of 3.46 times.

Evaluation of secondary indicators of
healthcare needs among elderly
population

Analysis of daily activities among elderly
population

This section will analyze the overall situation and urban-

rural differences in the daily activities care of elderly people in

Jiangsu, Shanghai, Zhejiang and Anhui, respectively.

In terms of the overall demand for daily activities care in

Jiangsu, Shanghai, Zhejiang and Anhui, the demand for daily

activities care for elderly people in Anhui is higher than that in

Jiangsu, the demand for daily activities care for elderly people in

Jiangsu is higher than that in Shanghai, and the demand for daily

activities care for elderly people in Shanghai is higher than that

in Zhejiang. The daily activities care indexes for elderly people in

Jiangsu, Shanghai, Zhejiang and Anhui were 1.172, 1.158, 1.121,

and 1.233, respectively. In terms of age groups, the need for daily

activities care is greatest in the 85+ age group and least in the

60–64 age group (Figure 2). Looking at the difference in demand

in Jiangsu, Shanghai, Zhejiang and Anhui, the difference in

demand for daily activities care gradually widens from the 60–

64 age group to the 85+ age group, with the coefficient of

variation expanding from 0.014 to 0.073, a 5.28-fold increase in

the coefficient of variation.

FIGURE 3

Daily activities care index for elderly people in urban and rural areas in Jiangsu, Shanghai, Zhejiang and Anhui.
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TABLE 4 Coe�cients of variation for indicators of daily activities care.

Region Type Meal Clothing Go to the toilet Get in and out of bed Walking around Bathing

Jiangsu U & R 0.103 0.116 0.147 0.126 0.092 0.225

Shanghai U & R 0.086 0.128 0.136 0.135 0.145 0.255

Zhejiang U & R 0.060 0.099 0.107 0.111 0.137 0.190

Anhui U & R 0.119 0.140 0.185 0.167 0.185 0.258

YRD U & R 0.094 0.120 0.146 0.134 0.116 0.230

Jiangsu Urban 0.111 0.124 0.159 0.135 0.125 0.239

Shanghai Urban 0.091 0.134 0.141 0.141 0.146 0.273

Zhejiang Urban 0.084 0.141 0.144 0.155 0.180 0.244

Anhui Urban 0.106 0.139 0.173 0.150 0.164 0.255

YRD Urban 0.098 0.132 0.154 0.142 0.111 0.249

Jiangsu Rural 0.093 0.106 0.132 0.117 0.127 0.203

Shanghai Rural 0.064 0.099 0.119 0.119 0.156 0.166

Zhejiang Rural 0.029 0.043 0.060 0.051 0.080 0.114

Anhui Rural 0.133 0.142 0.196 0.184 0.207 0.263

YRD Rural 0.089 0.103 0.136 0.124 0.144 0.202

Looking at the urban-rural differences in daily activities

care in Jiangsu, Shanghai, Zhejiang and Anhui, the urban-rural

differences in the daily activities care index began to increase

significantly with the age of the elderly. In the 60–64 age

group, 65–69 age group and 70–74 age group, the urban-rural

differences in the daily activities care index were not significant,

but in the 75–79 age group, 80–84 age group and 85+ age group

the urban-rural differences increased significantly (Figure 3).

In terms of the coefficient of variation for each age group,

the coefficient of variation for the Urban Daily Activities Care

Index is 0.011 and the Rural Daily Activities Care Index is 0.020

in the 60–64 age group; the coefficient of variation for the Urban

Daily Activities Care Index is 0.024 and the Rural Daily Activities

Care Index is 0.014 in the 65–69 age group; the coefficient of

variation for the Urban Daily Activities In the 70–74 age group,

the coefficient of variation of the daily activities care index is

0.028 in urban areas and 0.036 in rural areas; in the 75–79 age

group, the coefficient of variation of the daily activities care

index is 0.057 in urban areas and 0.050 in rural areas; in the

80–84 age group, the coefficient of variation for the Urban Daily

Activities Care Index is 0.060 and the Rural Daily Activities Care

Index is 0.065; in the 85+ age group, the coefficient of variation

for the Urban Daily Activities Care Index is 0.039 and the Rural

Daily Activities Care Index is 0.135.

In terms of the scores of each provincial administrative

unit, relatively speaking, Anhui has the largest urban-rural daily

activities care index, which is much higher than the average

of the Yangtze River Delta region; Zhejiang has the relatively

smallest urban-rural daily activities care index, which is much

lower than the average of the Yangtze River Delta region;

Shanghai and Jiangsu have an urban-rural daily activities care

index close to the average of the Yangtze River Delta region.

Comparison of the coefficients of variation of the tertiary

indicators for daily activities care in Jiangsu, Shanghai, Zhejiang,

and Anhui (Table 4).

At an overall level, Anhui has the largest variation in the

indicators of daily activities for all age groups, as reflected

in the coefficients of variation for the indicators of being

able to eat, dress, go to the toilet, get in and out of bed,

walk around indoors and bathe. In Zhejiang, the differences

in the indicators of daily activities were relatively smallest,

as reflected by the coefficients of variation in the three

levels of indicators of daily activities. The coefficients of

variation for Jiangsu and Shanghai are in the second and

third positions.

At the city level, the city-level coefficients of variation for

the ability to eat, dress, go to the toilet and get into and out

of bed were higher than the overall coefficients of variation,

while the city-level coefficients of variation for the ability to

walk indoors and take a bath were lower than the overall

coefficients of variation. At the city level, the coefficients of

variation were highest for the ability to eat for each age group

in Jiangsu, while the coefficients of variation were highest for

the ability to dress, go to the toilet, get in and out of bed,

move around indoors and take a shower for each age group

in Anhui.

At the rural level, the coefficients of variation for the ability

to eat, dress, go to the toilet, get in and out of bed, and bathe were

lower at the rural level than at the urban level, and lower than at

the overall level. Rural elderly people in the Yangtze River Delta

have higher variation in the ability to walk around indoors than

those in urban areas. As with both the overall and urban levels,

the coefficient of variation is highest for the ability to bathe and

lowest for the ability to eat.

Frontiers in PublicHealth 09 frontiersin.org

19

https://doi.org/10.3389/fpubh.2022.949468
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Li et al. 10.3389/fpubh.2022.949468

Analysis of incontinence among elderly
population

This section will analyze the overall situation and urban-

rural differences in the incontinence index for elderly people in

Jiangsu, Shanghai, Zhejiang and Anhui, respectively.

In terms of the overall situation, the incontinence index

for elderly people in Anhui was higher than in Jiangsu, the

incontinence index for elderly people in Jiangsu was higher than

in Shanghai, and the incontinence index for elderly people in

Shanghai was higher than in Zhejiang, with incontinence indices

of 1.093, 1.060, 1.056, and 1.047 for elderly people in Anhui,

Jiangsu, Shanghai and Zhejiang, respectively. The age group had

FIGURE 4

Incontinence index for elderly people in Jiangsu, Shanghai,

Zhejiang and Anhui.

the lowest probability of incontinence (Figure 4). In terms of

variation in incontinence by provincial and municipal elderly

age groups, elderly people in Anhui had the highest coefficient

of variation in the three indicators of fecal incontinence, urinary

incontinence and presence of incontinence by age group. The

coefficients of variation for incontinence indicators by age

group were 0.056, 0.066, 0.047, and 0.073 in Jiangsu, Shanghai,

Zhejiang and Anhui, respectively, with the largest coefficient of

variation in Anhui and the smallest in Zhejiang.

Looking at the situation in urban and rural areas, the

incontinence index of the elderly in urban areas began to

increase significantly with the increase in the age of the elderly,

with the urban incontinence index of the elderly in the 60–64

age group, 65–69 age group, 70–74 age group, 75–79 age group,

80–84 age group, and 85+ age group being 1.012, 1.019, 1.028,

1.055,1.091, and 1.152. In rural areas, the incontinence indices

for the 60–64, 65–69, 70–74, 75–79, 80–84, and 85+ age groups

were 1.022, 1.042, 1.059, 1.081, 1.070, and 1.165, respectively.

The above data reflect that the level of incontinence is higher

in rural areas than in urban areas in the 60–79 age group. In

addition to the 80–84 age group where urban elderly people are

more incontinent than rural areas, rural elderly people in the

85+ age group aremore incontinent than urban areas (Figure 5).

The incontinence indices for the urban and rural age groups

were 1.015, 1.005, 1.007, and 1.018 for the urban elderly in

Jiangsu, Shanghai, Zhejiang and Anhui in the 60–64 age group,

and 1.016, 1.005, 1.017, and 1.032 for the rural elderly in

Jiangsu, Shanghai, Zhejiang and Anhui. In 85+ age group,

the incontinence index was 1.147, 1.136, 1.141, and 1.191 for

the urban elderly in Jiangsu, Shanghai, Zhejiang and Anhui,

FIGURE 5

Urban and rural incontinence indices for elderly people in Jiangsu, Shanghai, Zhejiang and Anhui.
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TABLE 5 Coe�cient of variation of incontinence index indicators.

Region Type Fecal incontinence Urinary incontinence Have incontinence

Jiangsu U & R 0.030 0.049 0.056

Shanghai U & R 0.030 0.056 0.066

Zhejiang U & R 0.035 0.039 0.047

Anhui U & R 0.046 0.061 0.073

Yangtze River Delta U & R 0.034 0.050 0.059

Jiangsu Urban 0.033 0.052 0.060

Shanghai Urban 0.029 0.055 0.066

Zhejiang Urban 0.043 0.051 0.056

Anhui Urban 0.042 0.062 0.073

Yangtze River Delta Urban 0.035 0.054 0.063

Jiangsu Rural 0.027 0.047 0.052

Shanghai Rural 0.044 0.082 0.081

Zhejiang Rural 0.025 0.024 0.037

Anhui Rural 0.051 0.063 0.075

Yangtze River Delta Rural 0.034 0.047 0.056

respectively, and 1.144, 1.203, 1.104, and 1.232 for the rural

elderly in Jiangsu, Shanghai, Zhejiang and Anhui, respectively.

In terms of the scores of each provincial administrative unit,

relatively speaking, Anhui has the largest urban and rural elderly

incontinence index, which is higher than the average of the

Yangtze River Delta region; Zhejiang has the smallest urban and

rural elderly incontinence index, which is lower than the average

of the Yangtze River Delta region; Shanghai and Jiangsu have an

urban and rural elderly incontinence index close to the average

of the Yangtze River Delta region.

The coefficients of variation for the sub-indicators of

incontinence care for elderly people in Jiangsu, Shanghai,

Zhejiang and Anhui will be compared below (Table 5).

At an overall level, the greatest variation in the indicators of

incontinence among elderly people of all age groups in Anhui

is reflected in the coefficients of variation for the indicators of

“fecal incontinence”, “urinary incontinence” and “incontinence”,

which are 0.046, 0.061, and 0.073, respectively. The coefficients

of variation for the indicators of “fecal incontinence” were

0.046, 0.061, and 0.073 for Shanghai and Jiangsu, respectively,

while the coefficients of variation for the indicators of “urinary

incontinence” and “incontinence” were 0.030 for Zhejiang.

The coefficients of variation for the indicators of “urinary

incontinence” and “incontinence” were relatively small in

Zhejiang, at 0.039 and 0.047, respectively.

At the city level, the coefficient of variation for the indicator

“incontinence” was the largest, followed by the coefficient of

variation for “urinary incontinence” and the smallest coefficient

of variation for “fecal incontinence”. The coefficients of

variation for the indicator of “incontinence” were 0.060, 0.066,

0.056, and 0.073 for Jiangsu, Shanghai, Zhejiang and Anhui,

respectively. The coefficients of variation for the indicator of

“fecal incontinence” were 0.033, 0.029, 0.043, and 0.042 for the

elderly in Jiangsu, Shanghai, Zhejiang and Anhui, respectively.

At the rural level, the coefficient of variation for the indicator

of “fecal incontinence” was the largest in Anhui, at 0.051,

while the coefficients of variation for the indicators of “urinary

incontinence” and “incontinence” were the largest in Shanghai,

at 0.082 and 0.081, respectively. The coefficients of variation for

the indicators of “fecal incontinence”, “urinary incontinence”

and “incontinence” were 0.082 and 0.081, respectively for the

elderly in rural Zhejiang. The coefficients of variation for the

three indicators of “fecal incontinence”, “urinary incontinence”

and “incontinent” were the smallest, at 0.025, 0.024, and 0.037,

respectively, which were much lower than the average level of

variation in incontinence indices among the rural elderly in the

Yangtze River Delta region.

Analysis of aids use among elderly
population

This section will analyze the use of Aids Use (or Assistive

device use) for the elderly in Jiangsu, Shanghai, Zhejiang

and Anhui, and the differences between urban and rural

areas, respectively.

Overall, the use of assistive devices among elderly people

in Shanghai was higher than that in Zhejiang, while the use of

assistive devices among elderly people in Zhejiang was higher

than that in Anhui and slightly higher than that in Jiangsu. In

terms of age groups, the gradient in the use of assistive devices

for elderly people in Shanghai and Zhejiang is not obvious

as the age increases. Shanghai had the highest indicator of

assistive device use in the 75–79 age group, while Zhejiang had
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the highest indicator in the 80–84 age group. In Jiangsu and

Anhui, there is a clear gradient in the use of assistive devices

with increasing age, that’s, the probability of assistive device use

gradually increases for the 60–64, 65–69, 70–74, 75–79, 80–84,

and 85+ age groups. In terms of differences in the use of assistive

devices by age group, the coefficient of variation of the index of

assistive device uses among elderly people in the 60–64, 65–69,

70–74, 75–79, 80–84, and 85+ age groups show an “inverted U”

shape, that’s, the coefficient of variation of the index of elderly

people’s use of assistive devices is in a “rising–falling” process

(Figure 6).

FIGURE 6

Aids Use index for elderly people in Jiangsu, Shanghai, Zhejiang

and Anhui.

Looking at both urban and rural areas, the frequency

of using assistive devices is higher among the urban elderly

population in the Yangtze River Delta than among those in

rural areas (Figure 7). The urban elderly population in the

60–64 age group, 65–69 age group, 70–74 age group, 75–79

age group and 80–84 age group show an increasing trend in

the probability of using assistive devices, but in the 85+ age

group, the probability of using assistive devices among the

urban elderly population falls back again. Compared to the

urban elderly, the frequency of using assistive devices among

the elderly population in rural areas shows a fluctuating upward

trend, with the probability of using assistive devices among the

elderly population in rural areas in the 60–64, 65–69, and 70–74

age groups gradually increasing, then falling back in the 75–79

age group, and the probability of using assistive devices among

the elderly population in rural areas in the 80–84 and 85+ age

groups rebounded.

In terms of the index of assistive devices used by urban

and rural age groups, the index for urban elderly people aged

60–64 was 1.157, with a maximum value of 1.227 (Zhejiang)

and a minimum value of 1.091 (Jiangsu); the index for rural

elderly people was 1.096, with a maximum value of 1.175

(Zhejiang) and a minimum value of 1.065 (Jiangsu). The Aids

Index for the urban elderly was 1.222 at 85+ age group, with a

maximum value of 1.288 (Shanghai) and a minimum value of

1.222 (Anhui); the Aids Index for the rural elderly was 1.124,

with a maximum value of 1.138 (Anhui) and a minimum value

of 1.109 (Shanghai).

In terms of the scores for each provincial administrative unit,

relatively speaking, the frequency of use of aids for the urban

FIGURE 7

Aids use index for the elderly in urban and rural areas in Jiangsu, Shanghai, Zhejiang and Anhui.
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TABLE 6 Coe�cient of variation for indicators of aids use.

Region Type PG HA UoD UoC UoW BPM BGM CP MI SW CB OA

JS U & R 0.064 0.013 0.085 0.159 0.033 0.011 0.004 0.016 0.003 0.000 0.005 0.001

SH U & R 0.097 0.025 0.160 0.133 0.060 0.061 0.018 0.028 0.009 0.003 0.008 0.001

ZJ U & R 0.184 0.017 0.100 0.172 0.026 0.040 0.006 0.008 0.018 0.003 0.001 0.008

AH U & R 0.062 0.014 0.057 0.270 0.077 0.013 0.001 0.017 0.003 0.000 0.005 0.002

YRD U & R 0.082 0.015 0.080 0.182 0.042 0.013 0.003 0.016 0.005 0.001 0.004 0.002

JS Urban 0.059 0.016 0.099 0.153 0.037 0.019 0.005 0.020 0.004 0.001 0.008 0.001

SH Urban 0.086 0.027 0.178 0.135 0.064 0.067 0.017 0.030 0.011 0.004 0.009 0.001

ZJ Urban 0.187 0.028 0.119 0.178 0.033 0.066 0.009 0.013 0.022 0.004 0.003 0.011

AH Urban 0.064 0.018 0.106 0.239 0.157 0.023 0.006 0.019 0.006 0.001 0.006 0.004

YRD Urban 0.076 0.021 0.109 0.170 0.059 0.022 0.004 0.020 0.006 0.001 0.006 0.003

JS Rural 0.074 0.009 0.065 0.167 0.029 0.009 0.005 0.010 0.002 0.001 0.002 0.003

SH Rural 0.157 0.015 0.075 0.120 0.040 0.054 0.029 0.018 0.005 0.000 0.000 0.000

ZJ Rural 0.184 0.006 0.086 0.164 0.017 0.025 0.003 0.002 0.014 0.006 0.002 0.006

AH Rural 0.082 0.010 0.032 0.302 0.021 0.004 0.004 0.015 0.003 0.000 0.004 0.001

YRD Rural 0.098 0.008 0.044 0.202 0.023 0.010 0.003 0.010 0.004 0.002 0.001 0.002

and rural elderly is highest in Zhejiang in the 60–74 age group,

highest in Shanghai in the 75–84 age group and in the 85+ age

group, and relatively low in Anhui in the urban and rural elderly.

Comparing the coefficients of variation of each sub-indicator

for the use of assistive devices for the elderly in Jiangsu,

Shanghai, Zhejiang and Anhui (Table 6).

At an overall level, the coefficients of variation for indicators

of assistive devices such as the use of crutches, the use of

presbyopia glasses, the use of dentures and the use of wheelchairs

are relatively large for elderly people in Jiangsu, Shanghai,

Zhejiang and Anhui. Indicators where the degree of variation

in the use of assistive devices among elderly people is in the

middle include the use of hearing aids, the use of blood pressure

monitors and the use of nursing pads, while indicators where

the coefficients of variation are relatively small include the use

of blood glucose meters, the use of massage devices, the use

of smart wear, the use of nursing beds and the use of other

assistive devices.

At the city level, urban elderly people in Jiangsu, Shanghai,

Zhejiang and Anhui have relatively large coefficients of variation

in indicators of assistive devices such as the use of crutches, the

use of dentures, the use of presbyopia glasses and the use of

wheelchairs. Indicators in the middle of the range of variation in

the use of assistive devices include hearing aids, blood pressure

monitors and the use of nursing pads, while other indicators

such as smart wear have smaller coefficients of variation.

At the rural level, rural elderly people in Jiangsu, Shanghai,

Zhejiang and Anhui have relatively large coefficients of variation

in indicators such as use of presbyopia glasses, use of dentures,

use of crutches, and use of wheelchairs; the degree of variation

in indicators such as use of hearing aids, use of blood pressure

monitors, and use of nursing pads is in the middle of the range,

while the coefficients of variation in indicators such as use

of blood glucose meters, use of massage devices, smart wear,

nursing beds, and other assistive devices are smaller.

Looking at the use of assistive devices from the perspective

of urban-rural differences, the difference in the use of assistive

devices among the urban elderly in the Yangtze River Delta

region is higher than that of the rural elderly, as shown by the

higher coefficient of variation of indicators such as the use of

presbyopia glasses, the use of crutches and smart wear in the

rural areas than in the cities, while the coefficient of variation of

most assistive devices such as the use of hearing aids, dentures,

wheelchairs, blood pressure monitors, blood glucose meters,

nursing pads, massage devices, nursing beds and other assistive

devices is higher in the urban elderly than in the rural elderly.

Analysis of factors influencing
healthcare needs among elderly
population

The ability to eat on their own, bathe on their own, get in

and out of bed and other activities of daily living, incontinence

and the use of assistive devices are all physical indicators (or

objective indicators) of healthcare for elderly people, while the

need for care for elderly people is a subjective description of

their own care needs. This section will analyze the relationship

between the elderly healthcare needs and the physical indicators,

not only by correlating the subjective and objective indicators

of elderly people’s health needs, but also by analyzing the

relationship between economic and social factors and elderly

people’s healthcare needs (Table 7).

Frontiers in PublicHealth 13 frontiersin.org

23

https://doi.org/10.3389/fpubh.2022.949468
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Li et al. 10.3389/fpubh.2022.949468

TABLE 7 Analysis related to the health care needs of the elderly.

Units R-value Significance Units R-value Significance

Eating 0.933 0.01 Dentures 0.183 Not sig

Dressing 0.982 0.01 Crutches 0.927 0.01

Go to the toilet 0.951 0.01 Wheelchair 0.819 0.01

Get in and out of bed 0.958 0.01 Sphygmomanometer - 0.12 Not sig

Walking around indoors 0.882 0.01 Blood Glucose Meter - 0.118 Not sig

Bathing 0.987 0.01 Care pads 0.935 0.01

Fecal incontinence 0.903 0.01 Massage equipment - 0.348 Not sig

Urinary incontinence 0.961 0.01 Smart Wear - 0.227 Not sig

No incontinence 0.954 0.01 Nursing beds 0.906 0.01

Presbyopic glasses - 0.467 0.05 Other Aids 0.064 Not sig

Hearing aids 0.894 0.01

FIGURE 8

Correlation analysis between healthcare needs of the elderly

and the need for daily care activities.

Analysis of physical factors in the demand
for healthcare among elderly population

Analysis of the correlation between healthcare
needs of elderly and daily activities

The proportion of elderly people in need of care in the YRD

increases gradually with age. The proportion of care needs for

the 60–64, 65–69, 70–74, 75–79, 80–84, and 85+ age groups are

3.76, 5.75, 9.49, 14.91, 24.84, and 45.52% for each age groups,

respectively. The average of the proportion of each indicator

of care for daily activities for the 60–64, 65–69, 70–74, 75–79,

80–84, and 85+ age groups was 1.13, 1.83, 3.25, 5.70, 8.82, and

16.78%, respectively. The proportion of elderly people in need

of care and the proportion of each indicator of daily activities

care in the Yangtze River Delta region show a development in the

same direction, that’s, the relationship between the two becomes

closer as the elderly grow elderly. Similarly, when the proportion

of elderly people in need of healthcare and the proportion

of each indicator of daily activities care in urban and rural

areas of Jiangsu, Shanghai, Zhejiang and Anhui in the Yangtze

River Delta region were correlated, they had a strong positive

correlation with a correlation coefficient of 0.97 (Figure 8).

Correlation analysis of the indicators of daily activities care

with the proportion of elderly people requiring care showed

that there was still a strong positive correlation between each

indicator and the proportion of elderly people requiring care.

The correlation coefficients between the proportion of older

people with difficulties eating, dressing, toileting, getting in and

out of bed, walking indoors, bathing and the proportion of older

people in need of care were 0.933, 0.98, 0.95, 0.96, 0.88, and

0.99, respectively.

Analysis of the correlation between healthcare
needs of elderly and incontinence

The probability of incontinence among elderly people in the

YRD increases gradually with age. The proportion of elderly

people with incontinence in the 60–64, 65–69, 70–74, 75–79,

80–84, and 85+ age groups were 1.58, 2.79, 3.95, 6.14, 7.58, and

13.48%. The proportion of elderly people in need of care and the

proportion of incontinence in the Yangtze River Delta show the

same direction, that’s the relationship between the two becomes

closer as elderly people age. Similarly, when the proportion of

elderly people in need of care and the proportion of incontinence

in urban and rural areas of Jiangsu, Shanghai, Zhejiang and

Anhui in the Yangtze River Delta region were correlated, they

had a strong positive correlation with a correlation coefficient of

0.95 (Figure 9).
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FIGURE 9

Correlation analysis between healthcare needs of elderly people

and incontinence.

Correlation analysis of the three indicators in the

Incontinence Index with the proportion of elderly people

in need of care showed that there was still a strong positive

correlation between each indicator and the proportion of elderly

people in need of care. The correlation coefficients between

the proportion of elderly people with fecal incontinence,

urinary incontinence and incontinence and the proportion

of elderly people in need of care were 0.90, 0.96, and

0.95, respectively.

Analysis of the correlation between healthcare
needs of elderly and aids use

The use of Aids devices for the elderly in the Yangtze River

Delta region as a whole shows a gradual increase with age.

The proportion of the 60–64 age group, 65–69 age group, 70–

74 age group, 75–79 age group, 80–84 age group and 85+ age

group using assistive devices are 7.58, 8.42, 8.87, 9.68, 11.44, and

11.85%, respectively. The correlation between the proportion of

elderly people in need of care and the proportion of aids used in

urban and rural areas of Jiangsu, Shanghai, Zhejiang and Anhui

in the Yangtze River Delta region was found to be not a linear

correlation but a cubic function curve correlation, with a strong

correlation coefficient of 0.61 (Figure 10).

A correlation analysis of the indicators in the Assistive

Devices Use Index with the proportion of elderly people in

need of care showed that there were significant differences

in the correlation between the indicators and the proportion

of elderly people in need of care. There were significant

positive correlations between the proportion of elderly people

using hearing aids, the proportion of crutches, the proportion

of wheelchairs, the proportion of nursing mats and the

FIGURE 10

Correlation analysis between healthcare needs of elderly people

and aids use.

proportion of nursing beds and the proportion in need of

care, with correlation coefficients of 0.89, 0.93, 0.82, 0.94,

and 0.91, respectively. There was negative correlation between

the proportion of elderly people using presbyopia glasses,

massage devices, blood pressure monitors, blood glucose

meters and smart wear and the proportion requiring care,

with their correlation coefficients being – 0.47, – 0.35,

– 0.12, – 0.12, and – 0.23, respectively. The correlation

coefficient between the proportion of elderly people using

and the proportion requiring care was 0.06, with a weak

correlation strength.

Analysis of economic and social factors
in the demand for healthcare among
elderly population

Medical conditions

Medical conditions are fundamental to the healthcare of

elderly people. The quality of healthcare conditions is directly

related to the quality of healthcare for the elderly. The

Yangtze River Delta region has relatively excellent medical and

healthcare resources and is able to provide high quality medical

services for elderly healthcare services, providing a guarantee

for the treatment and diagnosis of elderly diseases and health

check-ups. Compared to the basic medical conditions in other

provinces and cities across China, the total number of hospitals

in the Yangtze River Delta region is 5,214, the total number

of hospital beds is 120,2791 and the number of practicing

doctors is 728,189, accounting for 15.24, 17.59, and 18.69% of

the national total, respectively. in 2020, the number of practicing
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TABLE 8 Willingness of elderly people in the Yangtze River Delta region to age in a residential care facility.

Age group At Home (%) In the community during the In a nursing Depending on

day and home at night (%) home (%) the situation (%)

60–64 75.16 2.63 6.34 15.87

65–69 76.25 2.15 5.98 15.62

70–74 78.76 2.26 5.04 13.94

75–79 80.56 2.00 5.08 12.36

80–84 78.23 8.43 4.26 9.08

85+ 81.58 8.36 3.87 6.20

TABLE 9 Proportion of elderly groups in the Yangtze River Delta with community-based care and attention.

Age group Neighbors (%) Volunteers (%) Housekeeping staff [nannies, Healthcare facility Staff in elderly Total (%)

hourly workers] (%) staff (%) institutions (%)

60–64 0.24 0.00 0.97 0.24 0.00 1.45

65–69 0.80 0.00 0.80 0.00 0.60 2.20

70–74 0.00 0.00 1.67 0.17 1.00 2.84

75–79 0.28 0.00 3.20 0.00 2.09 5.56

80–84 0.23 0.11 6.50 0.23 2.05 9.12

85+ 0.28 0.37 9.76 0.55 1.75 12.71

doctors in the Yangtze River Delta cities of Shanghai, Hangzhou,

Nanjing, Suzhou, Ningbo and Wenzhou 78,364, 51,135, 37,823,

37,185, 31,891, and 31,472, respectively, accounting for six of

the 25 cities with the highest number of occupational physicians

nationwide. Among the 25 cities with the highest number of

hospital beds nationwide, cities in the Yangtze River Delta

region accounted for five of them, namely Shanghai, Hangzhou,

Suzhou, Hefei and Nanjing, corresponding to 143,638, 84,251,

63,611, 59,271, and 57,455 hospital beds, respectively, with

the number of hospital beds in Shanghai, Hangzhou, Suzhou,

Hefei and Nanjing accounting for 3.69, 2.16, and 1.63% of the

national proportion, respectively, 2.16, 1.63, 1.52, and 1.47%,

respectively, for a total of 10.48%.

Community services for elderly people

Aging in place and community-based care together form

an integral part of China’s retirement protection. While aging

at home is currently the preferred option for the majority of

China’s elderly, the importance of aging in the community is

becoming increasingly prominent in the long term. The survey

shows that in the Yangtze River Delta region, elderly people are

more “home-loving” as their age increases, with 75.16% of the

60–64 age group choosing to age at home and 81.58% of the

85+ age group choosing to age at home. The proportion of

those who chose to age in an institution fell from 6.34 to 3.87%

(Table 8). The proportion of elderly people in the Yangtze River

Delta choosing to receive care and attention from friends or

neighbors, volunteers, home helpers, people from medical care

institutions and people from aged-care institutions is low, with

only 1.45% of the 60–64 age group being cared for by aged-care

institutions and home helpers, etc., and the proportion of elderly

people in the 85+ age group receiving care and attention in the

community gradually increasing to 12.71% (Table 9).

In the light of the growing trend of aging and childlessness

in China, community-based care will form an important vehicle

for the healthcare of China’s elderly population for a long time

to come. At this stage, the low rate of institutionalization of

elderly people in China is due to a combination of factors. Firstly,

there are economic factors. Most elderly people pay less than

RMB 2,000/month for a nursing home. 36.65% of elderly people

in the Yangtze River Delta are willing to pay less than RMB

1,000/month for a nursing home, 36.66% are willing to pay

RMB 1,000–1999/month and 18.21% are willing to pay RMB

2,000–2,999/month (Figure 11). Relative to the willingness of

the elderly to pay for admission to a retirement institution,

the cost of admission to both public and private retirement

institutions is well over RMB2,000/month, and the lack of

payment by the elderly in retirement is an economic factor

that leads to the low proportion of admission to a retirement

institution. The second is the quality of elderly care services.

Insufficient supply of elderly service personnel and an elderly

age structure directly affect the quality of elderly care services,

and to a certain extent, the choice of elderly institutions for

healthcare. Take Shanghai as an example, Shanghai’s elderly care

workers are mainly middle-aged people aged 50–59, accounting
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FIGURE 11

Elderly people’s willingness to pay for a place in a residential care facility.

for 62.24%. The proportion of those with primary certificates

(including medical care and healthcare) for elderly care workers

is the highest, accounting for 69.09%, while the proportion of

those with intermediate certificates for elderly care workers is

7.24%, while <1% have senior, technician and senior technician

certificates for elderly care workers, and 22.36% of elderly care

workers are uncertified, indicating that vocational training for

elderly care needs to be further strengthened. Once again,

there is the cultural factor. For a long time, China has had

a cultural tradition of “bring up children for the purpose of

being looked after in old age”, meaning that when one reaches

old age, one relies mainly on one’s children for old age and is

blessed with many children. However, the reality is that as the

problem of childlessness becomes more and more prominent,

the current Chinese elderly are mostly assisted by their children

in healthcare and care, and it is becoming less and less likely that

the middle-aged, that’s, the future Chinese elderly, will rely on

their children to assist them in their old age, meaning that the

traditional cultural factor of “bring up children for the purpose

of being looked after in old age” will eventually be broken, and

new community-based, home-based and institutional care will

be introduced.

Level of education

The digital age has seen the development of intelligent use of

healthcare for the elderly. At the same time, the digital divide

in terms of access to transport, medical care and shopping is

still prominent for many elderly groups due to their low level

of education. The proportion of elderly people in the Yangtze

River Delta region who have not attended school (including

literacy classes), primary school (including private schools),

junior high school, senior high school, university specialist and

bachelor’s degree or higher education are 39.78, 33.44, 16.23,

6.96, 2.23, and 1.36%, respectively, meaning that nearly seven

layers of elderly people in the Yangtze River Delta region have

<6 years of education. The correlation analysis between the

proportion of elderly people in need of care in urban and rural

areas of Jiangsu, Shanghai, Zhejiang and Anhui in the Yangtze

River Delta and the proportion of elderly people who had

not attended school, primary school (including private school),

junior high school, high school/junior college/vocational high

school, undergraduate level, and bachelor’s degree and above,

respectively, showed correlation coefficients of 0.67, – 0.43, –

0.54, – 0.30, – 0.18, and 0.02, where the elderly age group

who had not attended school increased in need of care as they

got older.

Marital status

A good marital situation is one of the necessary conditions

for a high quality of life in old age. Good marital status includes

at least two aspects: harmony in the family and good health

for both spouses. Statistics on the marital structure of elderly

people in the Yangtze River Delta region show that 63.37, 32.46,

2.84, and 1.33% are spouses, widowed, divorced and never

married, respectively. The correlation coefficients between the

proportion of elderly people in need of care and the proportion

of spouses, widowed, divorced and never married were – 0.89,

0.92, – 0.11, and – 0.39 for the urban and rural areas of

Jiangsu, Shanghai, Zhejiang and Anhui, respectively, and the

correlation coefficients reflected a strong negative correlation

between the willingness of elderly people with spouses to need

care (from others) and the willingness of elderly people who

were widowed to need care (from others). This indicates that

marital status has an impact on the need for healthcare in old
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age. According to our statistics, the proportion of elderly people

in the Yangtze River Delta who were cared for by their spouses

was 79.42, 75.00, 69.06, 52.99, 31.58, and 11.23% in the 60–64,

65–69, 70–74, 75–79, 80–84, and 85+ age groups, respectively.

The proportion of the above different age groups who were

cared for by their children (including sons, daughters-in-law,

daughters, sons-in-law and grandchildren) were 15.50, 19.00,

25.75, 40.19, 58.72, and 74.95%, respectively. In other words,

healthcare for the young and old group (60–75 years old) is

mainly provided by spouses, but for the middle aged (75–84

years old) and the old (85 years old and above) it is mainly

provided by children. This means that a good marital status is

crucial for the elderly Chinese group up to the age of 75 in their

later years.

Discussion and conclusions

Discussion

This article presents a comprehensive evaluation of the

differences in the healthcare needs of the elderly population

in the deeply aging and economically developed Yangtze River

Delta region of China. An attempt was made to construct

a comprehensive index of healthcare in three dimensions:

daily activities care, incontinence care and use of assistive

devices, which will be useful for the study of healthcare for

the elderly.

Where our study differs from the findings of Wang’s study is

(42): first, where there is common ground. Both studies agree

that China’s population is aging and that there is a lack of

healthcare for the elderly. The second area of difference is that

Wang’s study points to the difficulty of meeting the diverse needs

of elderly people for home healthcare services due to the low

utilization of resources and uneven development of healthcare

services. We explain the impact on healthcare services for the

elderly from the perspective of community aged care services

and point out the reasons for the current low utilization of

community aged care services.

In addition, our study complements Wang B.O. (43) in

the empirical analysis section, we point out that there are

significant differences in the use of assistive devices among

the elderly population of different ages and regions, especially

in the use of assistive devices such as smart wear, which

are hardly used by the elderly population in rural areas,

but we have yet to explain the reasons for the low use of

assistive devices such as smart wear among the elderly in

the higher age groups. In contrast, Wang B. explained the

willingness of elderly people to use smart aging products from

the perspective of emotional attachment, which corresponds to

our study.

Conclusions

This article Taking the Yangtze River Delta region of China

as an example, constructs a comprehensive healthcare index

to explore the healthcare needs of the elderly and the factors

influencing them, and draws the following key conclusions.

(1) The overall picture shows a gradual increase in the level of

healthcare needs of the elderly population. The results of

the empirical analysis show that 75 years of age is the cut-

off point for the health care needs of the elderly. The three

age groups of 60–64, 65–69, and 70–74 years of age have

a relatively moderate increase in health care needs, with the

Healthcare Composite Index increasing from 3.162 to 3.264,

a growth rate of 3.25%. However, the health care needs of

older people in the 75–79, 80–84, and 85+ age groups grew

relatively quickly, with the Healthcare Composite Index

increasing from 3.370 to 3.797, a growth rate of 12.67%.

(2) The difference in scores for the secondary indicators shows

that Anhui has the largest Daily Activities Care Index and

Incontinence Index, while Zhejiang has the smallest Daily

Activities Care Index and Incontinence Index. The use

of assistive devices was highest among elderly people in

Shanghai and lowest among elderly people in Jiangsu. In

terms of overall differences in secondary indicator scores,

the greatest differences were found in the Daily Activities

Index and Incontinence Index for elderly people in Anhui,

and the smallest differences were found in the daily activities

index and incontinence index for elderly people in Zhejiang.

The coefficients of variation for indicators of assistive

devices such as the use of crutches, the use of presbyopia

glasses, the use of dentures and the use of wheelchairs were

relatively large for elderly people in the Yangtze River Delta,

while the coefficients of variation for indicators such as the

use of blood glucose meters, the use of massage devices, the

use of smart wear, the use of nursing beds and the use of

other assistive devices were relatively small.

(3) In terms of differences in the scores of the three-level

indicators, the differences in the three-level indicators of

healthcare needs are greater between urban and rural areas.

In terms of daily activities care and incontinence index, the

difference in scores for the three-level indicators is higher in

urban than in rural areas in Jiangsu, Zhejiang, Shanghai and

Anhui; in terms of the use of assistive devices, the coefficient

of variation for most assistive devices, such as hearing aid

use, denture use, wheelchair use, blood pressure monitor

use, blood glucose meter use, nursing pad use, massage

appliance use, nursing beds and other assistive tools, is

higher in urban than in rural areas, and in rural areas The

coefficients of variation for the indicators of presbyopia use,

crutches use and smart wear were higher for elderly people

in rural areas than in urban areas.
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(4) The demand for elderly healthcare is highly positively

correlated with the daily activities care index and

incontinence index, with Pearson correlation coefficients

of 0.97 and 0.95, respectively; the demand for elderly

healthcare and the use of assistive devices index show a

cubic curve correlation, with a correlation coefficient of

0.61. The strength of the correlation between the demand

for elderly healthcare and some sub-indicators of the use

of assistive devices is weak. The correlation coefficient

is 0.61.

(5) Medical conditions are macro conditions that affect the

demand for healthcare for the elderly. Excellent medical

and health conditions provide a guarantee for healthcare

for the elderly in the Yangtze River Delta. Community

aged care services are a meso condition affecting the

healthcare needs of the elderly, but the low proportion

of elderly people staying in aged care institutions is

due to a combination of low elderly payment ability,

general quality of aged care services and cultural factors.

Educational attainment and marital status are micro

conditions that influence the demand for healthcare in

old age. In terms of educational attainment, elderly people

who have not attended school have an increasing need

for care as they get older. In terms of marriage, there is

a strong negative correlation between the willingness to

need healthcare among older people with a spouse and a

strong willingness to need care among older people who

are widowed.
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Background: The “Specialist Medical Outreach Project (SMOP)” involving

inter-disciplinary hospital-based healthcare professionals is a government

initiative that aims to provide integrative specialist care to high-risk residents

at the nursing homes. However, research exploring the implementation and

impact of SMOP is lacking. This study aimed to evidence the impact of SMOP

on the quality of care at the nursing home and the key contextual determinants

influencing SMOP outcomes.

Method: Semi-structured key informant audio-recorded face-to-face

interviews were conducted with eight managers, six doctors, 28 nursing sta�,

and seven pharmacy sta� at the nursing homes participating in the SMOP to

collect insights about how SMOPwas operated and performed, and the impact

of SMOP as observed and expected. Participants were recruited with purposive

sampling. A thematic analysis approach was employed and key themes were

identified using open coding, grouping, and categorizing.

Results: Forty-nine interviews were conducted. Thematic analysis identified

three principal themes: the overall perception about SMOP, the benefits as

observed; and the areas of improvement. Together with the 10 subthemes,

the results highlighted the expectations for SMOP to address the unmet

needs and promote patient-centered care, and the benefits of SMOP in

supporting e�ective use of resources for the nursing home, reducing the risks

of adverse events for the residents, promoting communication and capacity

building for the healthcare providers and facilitating e�cient use of healthcare

resources for the health system. Requests for more frequent visits by a

larger inter-disciplinary specialist team were raised. Careful sta� and workflow

planning, and mechanisms for data-sharing and communication across care

settings were deemed the most important actions for improvement.

Conclusion: It is a general perception that the SMOP is beneficial in enhancing

the quality of care for high-risk residents in the nursing home in Macao.

Cross-sector inter-disciplinary collaboration and e�cient data-sharing and
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communication mechanism play a crucial role in ensuring the success of

the program. A robust assessment framework to monitor and evaluate the

cost-e�ectiveness of the program is yet to be developed.

KEYWORDS

nursing home, public-private partnership, Macao, outreach specialist program, inter-

disciplinary, elderly, patient-centered care, cost-e�ectiveness

Introduction

Nursing homes play an increasingly important role in

offering high level of medical care to their residents especially

to those who have complicated and serious health concerns (1).

However, multifaceted complications challenging the provision

of medical care exist at the interface between the residents

and the setting of nursing homes. On one hand, the elderly

residents are often frail, multi-morbid population featured with

compromised physical and cognitive dysfunction that required

complicated medical and pharmacological treatment (2, 3). On

the other hand, the challenges of caring for the residents at

the nursing homes are further compounded by at least 3 major

institute-based factors: constrained funding, inadequate staffing

and soaring workloads (4). Nursing home residents were subject

to high risks of costly hospitalization and prolonged hospital

stays (5).

How to optimize the quality of medical care in nursing

homes and effectively minimize the residents’ risks of avoidable

emergency department visits and hospitalization has driven the

development of different healthcare-related outreach programs

initiatives (6). Such outreach programs referred to “a temporary

and mobile project that engages the community to collaborate

in undertaking the purposeful health intervention to reach the

population at health risk” (7). Outreach teams usually comprised

of inter-disciplinary healthcare providers and the interventions

usually involved comprehensive health assessments and direct

care of the residents (6, 8–12). Inter-disciplinary meetings

between the outreach team and the nursing home staff often

focused on problem-solving and case management for residents

(6, 11, 12). Education and training may also be provided by the

outreach team to the nursing home staffs (6, 11–13).

Outreach programs for the nursing homes were usually

designed to encourage institutional cooperation across

different care settings and facilitating the medical accessibility

by individuals at risks (7). Studies have found that such

outreach programs involving geriatricians resulted in fewer

hospitalizations among the residents served (10, 14). Another

study also found that pharmacist-led medication review

provided through an outreach program for nursing home

residents helped reduce hospital admissions and total estimated

drug cost (15). Benefits in coordinating care and capacity

building among the residential aged care staff (16), reducing

the burden of elders’ complex symptoms of mental illnesses,

improving their function and quality of life and alleviating the

problems ofmedical staff shortage in the nursing home (17) have

also been reported. Although the evidence of improved outcome

for the residents due to various outreach programs continues

to emerge, little has been reported about the development and

implementation of process (6, 18).

In Macao, a similar outreach program called the “Specialist

Medical Outreach Project (SMOP)” has been initiated by the

government to serve the residents staying at the subsidized

nursing home since 2018 (19). This was one of the actions

taken under the “2016-2025 Ten-Year Action Plan for Elderly

Services”, which aimed to ensure adequate protection and

appropriate support for the elderly in terms of physical needs, as

well as physical and mental safety. Aging population remains a

key challenge to the sustainable development of the city as the

proportion of people aged 65 or above is expected to exceed

20.0% in 2031 (20). This elderly population group enjoys free

healthcare (medical services and medicines) and are entitled to

stay at the government-subsidized nursing homes for free or at

very low costs when needed.

In the SMOP, specialists of geriatric medicine, internal

medicine, psychiatry, and emergency medicine, as well as

pharmacists and physiotherapists from the public hospital paid

regular visits to the nursing homes to consult the residents

and conduct inter-disciplinary consultation meetings with the

nursing home frontline staff (19). This reinforced patient-

centered care and represented an opportunity for healthcare

providers from different sectors to engage in formal discussions

over diagnostic and therapeutic strategies and decide onmedical

decisions collectively for nursing home residents. Residents who

frequently needed to travel to the public hospital to consult the

same specialists were prioritized to receive the SMOP services.

The purpose of SMOP was to optimize the convenience of

accessibility to integrative care, ensure early detection of signs

of deterioration of health conditions for timely management,

and thus minimize avoidable hospitalization. At a higher-level

perspective, since the government is in charge of supervising and

funding both the subsidized nursing homes and the provision

of healthcare services to elderly population, the SMOP was also

set to improve the cost-effectiveness of government resources

through collaborative effort between the health and social

welfare sectors (19).
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To be able to use SMOP as a tool effectively to achieve

the expected benefits at the individual, nursing home and

government levels, it is important to have a good understanding

about how it has been implemented, the current performance,

and areas of improvement. This is in alignment with previous

recommendations that for complex interventions whereby the

impact is heavily dependent on the interaction between the

intervention and its context, it is important to examine the

implementation process, the way an interventions worked,

the mechanisms of impact and the contextual factors (21)

in order to contribute to the broader development, transfer,

implementation and scaling-up of the intervention (22). In

addition, despite years of operation through which 4,593 SMOP

consultations had been provided and 16,078 person-time served

(23), the SMOP experiences remained under-reported. As such,

this study aimed to narrate the experiences of developing and

implementing the SMOP in Macao. It is anticipated that the

study findings will not only help to shed light on how SMOP was

experienced by the nursing home staff, but also complement the

current understanding of how health-related outreach programs

perform for nursing homes in general.

Materials and methods

This study employed semi-structured interviews which

were recommended for acquiring rich information about the

experiences of receiving SMOP services at the nursing home

(24). The study protocol was approved by the Research Ethics

panel of the University of Macau (reference number: SSHRE21-

APP001-ICMS). The study results are reported in compliance

with the Consolidated Criteria for Reporting Qualitative

research (COREQ) in the following (25).

Recruitment

Purposive sampling strategy was employed to recruit

participants. Invitation, in which the Participant Information

Statement and the Interview guide written in both English

and Chinese were attached, was sent to all 11 nursing homes

participating in SMOP using their contact information obtained

from the official website of the Macao Social Welfare Bureau.

These nursing homes spread out widely across different parts of

Macao caring for similar elderly population groups.

The persons-in-charge of the nursing homes, whowere often

in the position to approve their staff to take part in studies which

might involve the disclosure of any work-related information

and responsible for making staff and logistic arrangement for

SMOP services, were invited to nominate at least three staff

members to take part in a 30-min interview separately. They

were also asked to share the Participant Information Statement

and the Interview guide with the eligible staff members.

Staff members who were charged with management

duties, healthcare professionals or frontline staff having direct

experiences with SMOP and could communicate in either

English or Chinese were deemed eligible for this study. A

minimum of three staff members with preferably different

professional backgrounds from each nursing home (one

manager, one doctor, and one nursing staff) were anticipated

to provide a comprehensive viewpoint about SMOP without

causing too much disruption to the daily operation of the

nursing homes. Nursing homes equipped with pharmacy staff

were encouraged to also nominate pharmacists or pharmacy

technicians to participate. No exclusion criteria were defined

prior as potential participants were recruited strategically to

obtain insight from a range of essential stakeholder perspectives.

By recruiting participants with diverse backgrounds as many

as possible, the triangulation process was to render a holistic

picture of the receiving side about SMOP and to prevent

improper reliance on selective data sources.

Data collection

For the purpose of this study, individual interviews were

preferred over other qualitative research methods (such as focus

groups) mainly due to: (1) the advantage of detailed exploration

of the participants experiences with SMOP; (2) the difficulties of

engaging a number of staff members at the same time for focus

group during their work hours; (3) the possible differences in

the time each participant would be able and willing to spend

on participating in this study; and (4) the flexibility of interview

scheduling according to the participants’ availability.

Interviews were conducted with all nominees who expressed

an interest in participating and gave their informed written

consent in English or Chinese. Before the start of each interview,

the study background and the consent form was explained to

the participants. Participants were free to decide whether they

would like to participate. Only when they had signed the written

consent form, written in English or Chinese, would the interview

begin. All the semi-structured interviews were conducted face-

to-face in the private conference room at the nursing home

where the participants worked.

Participants were asked to share their options about the

overall design of SMOP, the expected and observed outcome,

the key factors influencing the program implementation and

outcome, and the potentials for the SMOP to sustain and

expand. Open-ended questions were developed in consultation

with related literature about the role of coordinated care, the

potential benefits, and the challenges and facilitators of outreach

program alike (8, 26–29) to understand the processes and the

potential causes of observations (30). The wordings used in each

question were as generic as possible to allow easy understanding

of the aspects of SMOP which were of interests to this study

regardless of the participants’ professional background.
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A team of six investigators (including five master students

and one PhD student in medicinal administration or pharmacy)

who were highly-trained in qualitative studies were responsible

for conducting the interviews. All investigators were fluent

in English and Chinese, and had experiences in conducting

qualitative research. An interview protocol including the

interview questions was designed for the investigators to comply

with during each interview (Supplementary File 1). Prior to

the start of the interviews, all investigators received a group

briefing by the senior author (COLU) about the purpose of this

study and the Interview Protocol. During the briefing, role-

plays were also performed by the investigators and assessed

by the senior author to ensure the mutual understanding of

the procedure. Each interview was closely monitored by the

senior author upon completion to address any concerns the

investigators might have and to identify any possible issues

with conducting the interviews for timely interventions. The

investigators were equally divided into 2 groups. Each interview

was conducted by either one of the investigator groups, during

which one investigator led the conversation with the participant

while the other two investigators were responsible for recording

field notes, key discussion points and non-verbal expression of

the participant. It was anticipated that the above actions would

collectively help to optimize the reliability and credibility of

the interviews.

A pilot testing with two pharmacists and one nursing staff

who had a professional background in nursing home was

conducted by the investigators separately. The pilot study was

conducted to help refine and target the interview questions to

be more specific in preparation for the stakeholder interviews.

At the same time, the pilot study also served as an opportunity

for the investigators to develop their communication skills

around the questions to be asked, to collect more background

information about SMOP, to speculate how to conduct the

interviews more effectively, and to verify the approach of data

analysis (31–34). Based on the feedback from both interviewees

and participants collected during the pilot testing, minor

revisions were made to the wordings of the interview questions

to finalize the complete interview guide.

The interviews were conducted either in Chinese or English

according to the participants’ preference and in accordance to

the Interview Protocol. Each interview was audio-recorded and

conducted until saturation was reached for the key emergent

themes (30). No participants were excluded due to language

barriers as nursing home staff were fluent in at least one

of the two languages. Some participants were known to the

investigators through pharmacists’ professional networks but

otherwise not related and none of the investigators had any

personal relationship with the participants. Each interview lasted

for 20–50min (an average of 35min). All interviews were

conducted between February and March in 2021.

Data analysis

The audio recordings of the interviews were transcribed

verbatim in the language used in the interviews before

analysis with an Excel file which was developed for the codes

of the transcripts to be tabulated and organized. During

transcription, two investigators separately listened to all the

interviews and read the transcripts and observation notes

multiple times, recorded key and recurrent ideas as they

emerged, and generated initial codes to capture the meaningful

fundamental element of the data. The coding results of

each transcript was input into the Excel file, compared and

negotiated among the pair. The analysis of data was conducted

following the Data Analysis Protocol designed for this study

(Supplementary File 2).

Thematic analysis approach was adopted in the attempt

to gain a better understanding about the linkage between the

needs and program planning that contributes to the efficiency

and improves outcomes (35). All the coding results were

pooled, and all the codes were categorized into themes and

sub-themes by the six investigators together. To help ensure

credibility, dependability and confirmability of the findings,

member check of the coding results of individual transcripts

and the pooled dataset was offered to the participants (36).

Disagreements on the coding results were subject to final

confirmation by the senior author. The information obtained

from the interviews was de-identified and the participants

were only referred with his/her role in the coded nursing

home in the manuscript. Prior to inclusion for reporting, all

the quotes originally written in Chinese were translated into

English by three investigators and back translated by the other

three investigators to verify the accuracy of the translation.

The final version of the translation was confirmed by the

senior author.

Results

Participant characteristics

Eight of the 11 invited nursing homes participated in this

study. They were located in various parts of Macao including

residential areas, suburban and remote areas. The three nursing

homes which did not accept the invitation explained that they

were too busy to participate due to constant shortage of staff.

A total of 49 semi-structured interviews were conducted with

eight managers, six doctors, 28 nursing staff (16 nurses or 12

nurse assistants), and seven pharmacy staff (two pharmacists

and five pharmacy technicians) (Table 1). All the staff members

nominated to participate took part in the study and there was

no withdrawal.
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TABLE 1 Participant characteristics (n = 49).

ID Nursing home Role Gender Number of years working

in the nursing home

1 Nursing home 1_01 Nursing home 1 Doctor Female 5 years

2 Nursing home 1_02 Nursing home 1 Pharmacist Female 3 years

3 Nursing home 1_03 Nursing home 1 Pharmacy technician Female 3 years

4 Nursing home 1_04 Nursing home 1 Manager Female 5.5 years

5 Nursing home 1_05 Nursing home 1 Nurse Female 5 years

6 Nursing home 2_01 Nursing home 2 Doctor Male 2 years

7 Nursing home 2_02 Nursing home 2 Nurse Female 2.5 years

8 Nursing home 3_01 Nursing home 3 Doctor Male 1.5 years

9 Nursing home 3_02 Nursing home 3 Pharmacy technician Female 1 year

10 Nursing home 3_03 Nursing home 3 Nurse Female 1 year

11 Nursing home 3_04 Nursing home 3 Manager Female 9 years

12 Nursing home 4_01 Nursing home 4 Manager Female 7 years

13 Nursing home 4_02 Nursing home 4 Manager Female 5 years

14 Nursing home 5_01 Nursing home 5 Doctor Male 5 years

15 Nursing home 5_02 Nursing home 5 Pharmacy technician Male 6 years

16 Nursing home 5_03 Nursing home 5 Nurse Female 2 years

17 Nursing home 5_04 Nursing home 5 Nurse Female 3.5 years

18 Nursing home 5_05 Nursing home 5 Nurse Female <1 year

19 Nursing home 5_06 Nursing home 5 Nurse Female <1 year

20 Nursing home 5_07 Nursing home 5 Manager Female 11 years

21 Nursing home 5_08 Nursing home 5 Manager Female 7 years

22 Nursing home 5_09 Nursing home 5 Manager Male 6 years

23 Nursing home 6_01 Nursing home 6 Nurse Female 4 years

24 Nursing home 6_02 Nursing home 6 Nurse Female <1 year

25 Nursing home 6_03 Nursing home 6 Nurse Female <1 year

26 Nursing home 6_04 Nursing home 6 Nurse assistant Female 6 years

27 Nursing home 6_05 Nursing home 6 Nurse assistant Female 6 years

28 Nursing home 6_06 Nursing home 6 Nurse assistant Female 15 years

29 Nursing home 6_07 Nursing home 6 Pharmacy technician Female 1 year

30 Nursing home 7_01 Nursing home 7 Nurse Male 1.5 years

31 Nursing home 7_02 Nursing home 7 Nurse Male 2 years

32 Nursing home 7_03 Nursing home 7 Manager Female 6 years

33 Nursing home 7_04 Nursing home 7 Nurse Male 1.5 years

34 Nursing home 7_05 Nursing home 7 Nurse Male 2 years

35 Nursing home 7_06 Nursing home 7 Nurse Female 3 years

36 Nursing home 7_07 Nursing home 7 Nurse assistant Female 3 years

37 Nursing home 7_08 Nursing home 7 Nurse assistant Female 3.5 years

38 Nursing home 7_09 Nursing home 7 Nurse assistant Female 7 years

39 Nursing home 7_10 Nursing home 7 Nurse assistant Male 14 years

40 Nursing home 7_11 Nursing home 7 Nurse assistant Male 20 years

41 Nursing home 7_12 Nursing home 7 Nurse assistant Female <1 year

42 Nursing home 7_13 Nursing home 7 Nurse assistant Male <1 year

43 Nursing home 7_14 Nursing home 7 Nurse assistant Female <1 year

44 Nursing home 7_15 Nursing home 7 Nurse assistant Female <1 year

45 Nursing home 7_16 Nursing home 7 Pharmacist Male 1.5 years

46 Nursing home 7_17 Nursing home 7 Doctor Female <1 year

47 Nursing home 8_01 Nursing home 8 Doctor Female 4 years

48 Nursing home 8_02 Nursing home 8 Nurse Female 1.5 years

49 Nursing home 8_03 Nursing home 8 Pharmacy technician Female 3.5 years
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Themes

According to the thematic analysis, three principal themes

had been identified: the overall perception about the SMOP,

the benefits of the SMOP as observed; and the areas of

the improvement of SMOP. Together with the 10 subthemes

and 54 codes, the results collectively reflected the totality

of the participants’ experiences with SMOP as shown in

Table 2 (For examples of supporting quotes, please refer to the

Supplementary File 3).

Theme 1: Positive perception about the SMOP

When asked about their general perception of the

SMOP, participants shared their thoughts mainly from three

perspectives: their needs, their anticipations and the importance

of an inter-disciplinary team. All the participants were positive

about the SMOP and indicated a high level of recognition for

the government input through the SMOP.

Subtheme 1.1: Addressing the needs

Participants indicated that they had to look after residents

who required different levels of daily andmedical care. Residents

who had multi-comorbidities would need to see different

specialists on a regular basis. Arranging frail elderly to travel

to and from the hospital was highly resource-consuming. More

importantly, it could be difficult for the residents to endure

the long travel and waiting time. Knowing that the government

would send a team of specialists to reach out and check

up on their residents, all participants had high regards for

the SMOP.

“We are so pleased to have the SMOP now and to see how

the SMOP has helped us and our residents where we need the

help the most.” (Nursing home 5_07, manager)

“The integrated expertise support is exactly what we need

to care for our very sick residents.” (Nursing home 4_01,

manager)

Subtheme 1.2: Sharing information among caregivers

Many participants, especially the healthcare professionals,

anticipated that the SMOP would help foster communication

among them and promote collaboration across different

care settings.

“Now we (the doctor and the specialists) can actually

discuss about the cases and decide on the treatment together

whenever the SMOP team is here.” (Nursing home 5_01,

doctor)

“The opportunity is for us to share with the pharmacists in

the SMOP team any adverse drug events we observe especially

when new medicines are prescribed by the specialists. Having

a pharmacist in the SMOP teammeans that we can now work

closer together to ensure drug safety.” (Nursing home 7_16,

pharmacist)

Subtheme 1.3: Access to the experts

Participants believed that the inter-disciplinary team allowed

the SMOP to bear at least two primary functions: assessing

the residents’ conditions and making referral whenever needed,

and conducting discussion with and training to the healthcare

staff in the nursing home. Accordingly, the SMOP team

purposively included specialists most needed by geriatric

patients such as specialists of geriatric, internal medicine,

psychiatry, and emergency department, in addition to nurses

and clinical pharmacists.

“Discussion with different specialists at the same time

is also a very good leaning opportunity for us.” (Nursing

home 1_01, doctor)

“Pharmacy staff can also learn from them (the clinical

pharmacist in the SMOP team) how to evaluate and

optimize the drug regimens.” (Nursing home 5_02,

pharmacy technician)

Theme 2: Benefits of SMOP as observed

Participants reported a range of benefits observed at their

workplace as a results of having regular visits by an inter-

disciplinary specialist team through the SMOP.

Subtheme 2.1: At the nursing home level

The SMOP arrangement could help reduce the manpower

and resources needed for mobilizing residents across different

healthcare settings. Such resources could be used to cover other

areas of concerns and improve the overall efficiency of the

nursing home. Most nursing homes had full time in-house

doctors and smaller nursing homes had visiting doctors who

visited the nursing home several times a week. The SMOP

arrangement was especially important for nursing homes which

had only one in-house doctor or even just visiting doctor.

“More importantly, the SMOP saved us a lot of resources

and manpower to transport our residents to the hospital and

back. Such resources can be diverted to cover other areas of

concerns.” (Nursing home 6_06, nurse assistant)

In addition, having the visits by the SMOP team also

prompted closer attention to any potential issues with the

medical care provided to the residents and helped enhance

the quality of medical care. As explained by the medical and

nursing staff, the SMOP was considered an additional driving

force to ensure the quality of record-keeping, to screen patients

for risks of uneventful incidents, and to properly prepare

health records of high-risks patients who would be consulted

during the SMOP. This represented not only the needs to

cross check residents’ conditions and records as part of the

preparation work for the SMOP visits, but also the opportunities

for developing a more rigorous practice among the nursing

home staff.
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TABLE 2 Thematic analysis of the qualitative data.

Themes Subthemes Codes

Theme 1: Overall perception about the

SMOP

Subtheme 1.1: Addressing the needs 1. Lack of expertise

2. Lack of manpower

3. Time constraints

4. Difficulties in logistics arrangement

5. Transportation challenges

6. Waiting time

Subtheme 1.2: Sharing information

among caregivers

1. Blood test results

2. New diagnosis

3. Changes in treatment

4. Adverse drug reactions

5. New signs and symptoms

6. New health concerns for the residents

Subtheme 1.3: Access to the experts 1. Visits by specialists

2. Access to specialists’ advice

3. Cross-sector collaboration

4. Learning opportunity

Theme 2: Benefits of the SMOP as

experienced or expected

Subtheme 2.1: At the nursing home

level

1. Quality of care

2. Safety

3. Effective use of resources

4. Accuracy

5. Patient-centered care

6. Effective use of resources

Subtheme 2.2: At the resident level 1. Early detection of critical health issues and

timely referral

2. Reduced unplanned hospital admission

3. Improved disease control

4. Improved clinical outcome

5. Reduced risks of adverse events

6. Reduced visits to ER

7. Reduced hospitalization

Subtheme 2.3: At the professional level 1. Communication

2. Collaboration

3. Inter-disciplinary healthcare team

4. Capacity building for nursing home staff

5. Timely update of residents’ conditions

6. Reduced error in transferring residents’

clinical data

Subtheme 2.4: At the health system

level

1. Integration of healthcare resources

2. Prioritization of healthcare resources

3. Improvements in elderly care

4. Reduction of avoidable burden on

healthcare system

5. Prevention of drug wastage

6. Capacity building for nursing home staff

and SMOP team members

Theme 3: Areas of improvement of

SMOP

Subtheme 3.1: The design of the

SMOP

1. Frequency of visits

2. Involvement of more specialists in the

SMOP team

3. Greater support for psychiatric and mental

health of the residents

4. Case discussion

(Continued)
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TABLE 2 (Continued)

Themes Subthemes Codes

Subtheme 3.2: Preparation of the

nursing home

1. Better workflow

2. Staffing arrangement prior to and during

SMOP team visits

3. Preparation of residents’ health records

4. Screening criteria for residents receiving

SMOP services

Subtheme 3.3: A continuous

communication and data sharing

mechanism

1. Feedback loop

2. Cross sector communication

3. Data sharing mechanisms

4. Access to electronic medical record

5. Means of cross-sector communications

“So you see, the SMOP has actually prompted us to pay

closer attention to the most needy residents before, during

and after the SMOP team visit. In a way, the SMOP helps us

double or even triple check our services.” (Nursing home 1_04,

manager)

Subtheme 2.2: At the resident level

Participants mentioned that, with the support of the SMOP

team, critical health issues in some residents had been detected

early enough for timely referral to bemade to avoid deterioration

of the health conditions and emergence of disabilities due to

untimely treatment or failure to detect the disease in time.

At times, the SMOP team would also pay ad hoc visits

when the conditions of the residents had become critical. The

intervention provided by the SMOP team, as speculated by

the participants, could help prevent avoidable emergency room

visits for the residents.

“In addition to the planned residents to be visited, the

team also will visit other residents who indeed need a visit.

If there were an urgent situation, we would discuss with the

SMOP team to try to resolve the problem sooner.” (Nursing

home 7_03, manager)

“But more often, potential issues can be picked up much

sooner through discussion for actions to be taken in a timely

manner to avoid deterioration of the health condition and

the residents did not have to end up in the emergency room.”

(Nursing home 6_05, nurse assistant)

Subtheme 2.3: At the professional level

Participants believed that the visits by the SMOP team

could effectively facilitate cross-sector communication and

collaboration which was beneficial to the provision of quality

care. Contacting specialists to discuss about the residents’ health

conditions had been a challenge due to a lack of an effective

communication mechanism prior to SMOP.

“The SMOP is an opportunity for us to get access to

the residents’ latest clinical readings especially after recent

discharge so that we can look after our residents more

appropriately.” (Nursing home 2_02, nurse)

“I believe our input is also useful for the specialists’ decision-

making. It feels like we have a partner to communicate and

work with.” (Nursing home 8_01, doctor)

Having professional dialogues with the SMOP team also

encouraged healthcare providers in the nursing home to

be more proactive in developing their competence and

provide professional services, and to play a role in the

inter-disciplinary healthcare team to achieve patient-centered

care. The SMOP also took the opportunity to improve

their expertise as suggested by some of the doctors, nurses

and pharmacists.

“Pharmacists of the SMOP team will come here and give

us feedback. The SMOP specialists also provide feedback to

our doctors.” (Nursing home 1_02, pharmacist)

“I can see that the SMOP continues to evolve to better match

our needs.” (Nursing home 5_01, doctor)

Subtheme 2.4: At the health system level

Participants believed that the SMOP could help to refocus

the resources to more needy residents and to reduce unnecessary

visits to the emergency department and hospitalization.

Therefore, the efficient use of the overall healthcare

resources could be promoted resulting in refocus to more

needy residents.

“Every time they visit, they will prioritize their time to

the residents who have been previously screened as high risk.

Whenever they have time, they will also check on residents

who are more seriously ill, or bed-ridden. In a way, they

(the SMOP team) also take the chance to help reduce the
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use of health resources in the hospital setting. I can see that

the SMOP continues to evolve to better match our needs.”

(Nursing home 5_01, doctor)

As explained by multiple participants, medication review

conducted by the SMOP team at the nursing home could

help prevent drug wastage and optimize medication regimens.

Without the SMOP, the residents needed to pay separate visits

to different specialists to get the refills of their prescription

medicines, posing high risks of polypharmacy. Also, the health

conditions of the residents might vary when they were back in

the nursing home. Changes to the treatment regimens might be

ordered by the doctors at the nursing home whenever deemed

necessary. However, the specialists might not be informed about

the changes and continued to prescribe the same medications in

the residents’ next visits.

“Working with the SMOP team means that we are at a

better position to help optimize the treatment regimen, ensure

the proper use of medicine andminimize any drug wastage for

our residents.” (Nursing home 4_01, manager)

Theme 3: Suggestions to improve the outcome of the SMOP

Participants elaborated on the actions needed to optimize

the outcome of the SMOP mainly from three perspectives:

the design of the SMOP, the preparation of the nursing

home, and the need for a data sharing and continuous

communication mechanism.

Subtheme 3.1: The design of the SMOP

Although the visit of the SMOP team had indeed induced

increased workload for the staff in the nursing home, it was

their general belief that the SMOP was beneficial in improving

the quality of care for the residents. As such, most participants

were hoping to see more frequent visit by the SMOP team and

suggested the inclusion of more specialists in the SMOP team

to address the unmet needs of some resident subgroups such as

those with mental health disorders.

“I hope the SMOP team can visit us more often and

we can get more support for residents with mental illnesses.”

(Nursing home 3_03, nurse)

“Of course, to the residents, having more specialists in the

SMOP team is of course better.” (Nursing home 8_03,

pharmacy technician)

Subtheme 3.2: Preparation of the nursing home

Participants realized their role in coordinating

the SMOP operation and supporting the SMOP

team was to get the residents’ profile that showed a

clear medical and medication history well-prepared

and participate in the consultations and discussion

during the visit. However, the current workflow

and staffing might have some negative impact

warranting adjustment.

“The preparation work of the SMOP team visit is a time-

consuming task and adds on the work pressure that we already

have to endure. Better workflow or even IT tools are needed to

help alleviate our workload.” (Nursing home 8_02, nurse)

“I am trying to adjust the staffing so that our frontline staff are

able to work with and benefit from the SMOP team whenever

they visit.” (Nursing home 4_01, manager)

Subtheme 3.3: A continuous communication and data

sharing mechanism

Participants emphasized on the importance of an effective

communication mechanisms so that the residents’ most updated

information could be shared and accessed by practitioners from

different settings and the healthcare providers could engage

in discussion whenever deemed necessary for the care of

the residents.

“I think, with the residents’ consent, having a proper

data sharing mechanism between the nursing home and

the hospital is important so that we can share, update and

get access to the residents’ key clinical notes and blood test

results.” (Nursing home 2_02, nurse)

“Given the long waiting list to specialty consultation or

surgery, if there is already a communication mechanism

so that alert can be raised in case of raised urgency,

the management of the residents can be much better

informed and, whenever appropriate, prioritized. (Nursing

home 5_08, manager)

Discussion

The results of the analysis of the 49 interviews withmanagers

and frontline staff of the nursing homes conducted in this study

identified a generally positive attitude toward the government-

initiated SMOP and a range of opinions about how SMOP could

help promote patient-centered care for the residents. These

results are consistent with previous experiences of outreach

interventions at the nursing homes that benefited coordinated

care, access to skilled care providers, capability building,

risk stratification, partnerships and comprehensive geriatric

assessment (37). The results also provided insight into nursing

home staff ’s anticipation for continuous development of SMOP

and perceived importance of data-sharing and communication

across care settings. However, key factors such as continuous

government commitment and an evaluation mechanism of the

program outcome were rarely mentioned.

This study reaffirmed the common phenomena that the

population of residents of nursing homes were often frail,

vulnerable and had complex health needs (38). As reported

in this study, much of the resources used in caring for them

devoted to the management of their chronic illnesses and

acute exacerbation of their conditions (39, 40). Before the
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implementation of SMOP, the nursing homes looked after their

residents’ medical condition often “in silo”. For residents who

had multiple comorbidities attended by various specialists, there

needed to be frequent transportation arrangement to take and

accompany them to the hospitals for specialist consultations

and prescription medicines. The nursing homes also faced

great challenges in providing appropriate healthcare for their

residents with complicated conditions to reduce hospitalization

and emergency room visits (38, 41).

By implementing the SMOP, some of the immediate benefits

experienced by the nursing home staff included the partnerships

with specialists from the hospitals in coordinating the care

for residents with complex health conditions. Similar to the

Hospital in the Nursing Home model of care in Australia (42)

where out-of-hospital healthcare services was provided for older

people, SMOP specialists paid visits to the nursing homes on

a regular basis to work with the frontline healthcare staff. An

essential element of such partnership was the exchange of patient

information and inter-disciplinary communication across the

care settings (43). Participants in this study repeated their

long-standing concerns about lacking access to the information

about the residents’ diagnosis, test results and treatment

recommendation made in the hospitals, offering challenges to

their care-giving process.

Indeed, poor communication between nursing home and

hospitals has been cited as the main cause of impeding

the continuity of care. Improved information exchange with

hospital services in the form of direct communications, similar

to what had been previously reported (44), had been shown to

be positively associated with staff satisfaction when delivering

care for the residents. Standardized information transfer forms

(45) and effective utilization of information and communication

technology (46, 47) should be further encouraged for fostering

the two-way communication across different care settings

For instance in Japan, the Mame-net developed by the local

government to share acute and chronic changes in the residents’

medical conditions had been shown to improve nursing home

care and reduce emergency transportation to hospitals (48).

Having access to geriatric and other specialists’ expertise

through SMOP was also found beneficial to the decision making

about care for the residents at the nursing homes in this

study.Many participants mentioned that they often encountered

challenging situations when caring for residents with complex

health issues, a common concern for many healthcare staff at

the nursing home settings (49). Appreciation was shown by

the participants to the SMOP team who shared their expertise

knowledge during the visits through case discussions and other

formal encounters. Direct contact also helped building and

extending the professional network enabling more seamless

professional exchanges even in informal settings. Similar to

previous findings (50), the professional exchange fostered by

partnership-based collaboration was helpful to the healthcare

staff at the nursing homes to handle and resolve difficult

resident scenarios and to acquire new strategies to deal with

challenging situations.

Transfer of knowledge between the SMOP team and the

nursing home staff was also considered an opportunity of

capacity building by many participants. As previously reported,

similar outreach interventions which featured coordination of

care and access to skilled healthcare providers were often

associated with capacity building demonstrating some positive

effects on the quality improvement of the nursing homes (51,

52). Nursing home healthcare workforce being equipped with

good clinical knowledge and communication skills, competent

and engaging is critical to realizing the long-term outcome of the

SMOP and other outreach programs alike (53, 54). As improved

teamwork and communication has been proven to enhance the

quality of care in the nursing homes (55, 56), dedication of

more time in teamwork training for nursing home staff through

SMOP was deemed important.

For practical reasons, the nursing home participants

emphasized on the benefits of SMOP in reducing the burden

of transportation arrangement needed for mobilizing residents

since regular returns to their specialists’ offices for follow-up

consultations were no longer needed for residents under the

care of the SMOP team. This was considered a significant

advantage in terms of reducing the workload for the frontline

staff and rationalizing the use of highly limited resources for the

nursing homes. More importantly, the SMOP team composed

of multi-disciplinary specialists who attended to the same

resident at the same time during their visits, and the frontline

staff at the nursing home were able to communicate with

the specialists directly which would be not possible otherwise.

Similar to related programs (57), this encouraged cross-setting

collaboration which could be beneficial in achieving more

comprehensive monitoring of the residents’ health conditions

and promoting teamwork for a patient-centered care approach

in the long run.

Limited by the nature of this study, reported positive

effects of SMOP on the clinical outcomes for the nursing

home residents (e.g., reduced adverse events and improved

disease control) were only speculations by the participants.

There were already requests from the nursing homes for

more frequent visits by a larger inter-disciplinary SMOP

team. Indeed, as previous studies reported, outreach

programs could easily achieve a high level of satisfaction

and convenience by the care recipients (58, 59). However,

very little discussion was directed to the need and know-

how of assessing the SMOP outcome, reflecting a common

deficit in recognizing the importance of monitoring and

evaluation for the sustainable development and continuous

improvement of the health program (60). It is yet to determine

if outreach programs like SMOP could become powerful

mechanisms for addressing complex public health problems

by leveraging the resources and expertise from the public

sector (61).
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The ultimate goals of the SMOP model were to improve

the residents’ health outcome and thus reduce the need

for acute care in the emergency department and hospital

setting. According to the government statistics, a reduction

in emergency department visits by 10.5% and emergency

admission by 15.5% had been observed after the implementation

of SMOP in 2020 in comparison to the previous year (62).

However, for quality improvement and sustainable development

purposes, high quality evidence from well-designed studies that

collect both quantitative and qualitative data are needed to

establish a robust assessment framework. Indicators such as

decrease in medical admissions, hospital admissions, mortality

ER admissions, adverse drug events length of hospital stay

could be used to measure the effectiveness of the SMOP (43,

63).

At the same time, the importance of cost-effectiveness

of SMOP should be prioritized especially considering the

continuous economic challenges pertained to the COVID-19

pandemic. Involving multiple specialists in the SMOP and

programs alike is a high-cost exercise (58, 64). The cost-

effectiveness analysis of the SMOP should also be considered

as one of the key measures to determine if the SMOP was

cost-saving and to inform decisions on allocation of healthcare

resources for the future development of the SMOP (26, 65).

Strengths and limitations

The interviews were conducted with a range of key

stakeholders from eight out of the 11 nursing homes

participating in the SMOP in Macao. The insights

unfolded represented a rich, representative perspective

about how such program was implemented and the

outcome interpreted. All the interviews were conducted

face-to-face by an experienced research team in a

standardized manner.

On the other hand, this study also had a number

of limitations. Firstly, this study only involved the key

stakeholders from the service-receiving end so the findings

could only inform the current perspectives partly. Secondly,

there could be risks of social desirability bias based on

the following consideration: (1) due to the nature of the

SMOP, which was operated by the government and freely

provided to the needy residents in the nursing home,

participants might have invested interests and their opinions

might skew toward positive comments of possibly resulting

in incomplete sharing of negative feedback; and (2) due to

the nature of qualitative research, the researchers’ presence

during interviews might affect the way participants responded

to the questions. Thirdly, 3 of the 11 nursing homes

participating in the SMOP did not participate in this study.

These non-participating nursing homes were relatively smaller

in scale in terms of resident number and nursing staff. As

such, the experiences of SMOP implementation and outcome

might differ.

Conclusions

Interviews revealed multiple benefits of the SMOP initiative

in driving patient-centered care from the perspective of

the participating nursing homes. The areas of improvement

identified were multifaceted and strongly indicate there is a need

for a concerted and collaborative effort between members of the

SMOP team and the staff of the nursing homes. For this, efficient

data-sharing and communication mechanisms are crucial to

improve the continuity of care across the sectors. Future actions

are needed to yield the insight from the service-providing

perspective (i.e., the SMOP team members and the decision-

makers). In addition, further studies are warranted to further

explain what in the SMOPworks best, for whom and under what

circumstances, and how to make SMOP more effective. In order

to inform resources allocation for the continuous development

of SMOP, parameters tailored to the nursing home residents

should be defined for informing a robust assessment framework

to demonstrate the cost-effectiveness of the program.
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Background: Limited studies focused on the situation and related factors of

access to healthcare services for older adults with limited activities of daily

living (ADL) in China. This study explores factors associated with access to

healthcare services of them based on Andersen’s healthcare utilization model

(namely, need, predisposing, and enabling dimensions).

Methods: A total of 3,980 participants aged 65 years and older adults with

limited ADL from the latest wave (2018) of the Chinese Longitudinal Healthy

Longevity Survey (CLHLS) were included. Binary logistic regression was used

to explore the influencing factors.

Results: Factors in enabling dimension were associated with access to

healthcare services for older adults with limited ADL. Those who lived with

better economic status (fair vs poor, OR = 2.98, P < 0.01; rich vs poor, OR =

7.23, P = 0.01), could a�ord daily life (yes vs no, OR = 2.33, P = 0.03), and

lived in the eastern or central region of China (eastern vs western, OR = 2.91,

P < 0.01; central vs western, OR = 2.40, P = 0.02) could access to healthcare

services more easily. However, factors in predisposing dimension and need

dimension showed no statistical significance. Meanwhile, inconvenience in the

movement was the major barrier reported by some participants for not going

to the hospital when they got sick.

Conclusion: Access to healthcare services for older adults with ADL limitation

was mainly related to the factors of economic status, a�ordability for daily

life, and living regions in enabling dimension. Strategies focused on health

insurance, healthcare system, barrier-free facilities, and social support were

proposed to increase the access to healthcare services for participants, which

could benefit their health.

KEYWORDS

access to healthcare services, activities of daily living, Andersen’s healthcare

utilization model, older adult, active aging
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Introduction

The number of Chinese older adults over the age of 60

and 65 had reached 264 million, and 190 million, respectively,

by 2020 (1). The former accounts for 18.70% of the total

population, and the latter is 13.50% (1). It is estimated that

the population who are 65 years or above would reach 329

million in 2050, accounting for 29% of the entire population in

China (2). Because of physiological fragile, older adults may get

sick more easily than young people or the general population

(3). It was reported that among older adults aged 65 or older,

75% lived with health problems and about 54% had non-

communicable diseases (NCDs) in 2017 (4). These indicated that

older adults would have more demand for healthcare services

than other populations. Access to healthcare services is crucial

to maintaining physical function and quality of life for older

adults. Access has not been defined or employed precisely (5, 6).

To some research “access” refers to entry into or use of the

healthcare system or characterizes factors influencing entry or

use, while to others it is described as the degree of fit between

the patient and the healthcare system and includes specific

dimensions, such as availability, accessibility, accommodation,

affordability, and acceptability (6). Thus, we conclude that

access could be described as the degree or the difficulty of

accessing health services for the population when they need

them. Organizational, financial, or cultural restrictions may

lead to inadequate access to healthcare services, thus, in turn,

causing detrimental effects on social and individual levels (7).

Relevant studies demonstrated that enough access to healthcare

services could improve the odds of survival and healthy survival

at old and very old ages (8). While inadequate access would

increase the odds of physical disability, cognitive impairment,

and mortality (9, 10). China has adopted related policies to

increase the opportunity for older adults to get healthcare

services in recent years (11). Take the example of family doctor

services in China. It was first proposed by the government in

2016. Doctors make regular follow up to older adults, especially

to those with disabilities ormobility problems, and provide them

with health care services (12). However, limitations in related

insurance policies, the shortage of family doctors, and other

factors contributed to unsatisfied healthcare services demand for

older adults (12). Thus, the policy still needed to be improved. It

is reported that the number of older adults with limitations in

activities of daily living (ADL) would increase from 8.4 million

in 2010 to 37 million in 2050 in China (4). This vulnerable group

may experience depressive symptoms, worse quality of life, poor

subjective wellbeing, functional impairment, or suicide (13–15).

Having adequate healthcare services is one of the important ways

to maintain their health.

In China, many studies explored the access to healthcare

services for migrant population (16–18), rural–urban residences

(10), participants with different social demographics (9),

and patients’ caregivers (19). Compared with the research

participants mentioned above, studies focused on older adults

with limited ADL were relatively limited. Relevant research on

older adults with disability conducted in China included small

sample size and cover a few investigation sites (20). Meanwhile,

many studies about influencing or related factors about access

to healthcare services for older adults carried out in China

usually lacked systematic theory research frameworks (18, 21,

22). Therefore, this study aims to (1) picture the situation of

access to healthcare services for older adults with limited ADL

based on the CLHLS database which covered a large sample

and research areas in China, and (2) explore the related factors

associated with access to healthcare services for older adults with

limited ADL based on Andersen’s healthcare utilization model.

Methods

Patient and public involvement

Data were extracted from the Chinese Longitudinal Healthy

Longevity Survey (CLHLS), which monitors the health status

and its determinants of older adults in China (23). The CLHLS

collected eight waves of data in 1998, 2000, 2002, 2005, 2008,

2011, 2014, and 2018. It consists of rich information, such as

sociodemographic characteristics, health status, daily activities

living of older adults, and so on. Participants in the CLHLS

were recruited by a targeted random sampling process, by which

investigators firstly recruit an eligible centenarian interviewee

in sampled city/county, and then matched a nonagenarian,

octogenarian, and three elders aged 65–79 nearby in the

same street, village, or town (24, 25). Then, participants were

interviewed face-to-face by investigators. For those who are not

able to answer the questions, a close family member or another

knowledgeable proxy (significant other) was invited to provide

answers (24). The CLHLS included a large sample of the oldest-

old (>=80 years old). For example, it recruited 8,805 older

persons aged 80 to 105 in the 1998 wave (24). Meanwhile,

those older adults who were interviewed but subsequently died

before the next wave would be replaced by new interviewees

of the same sex and age (or within the same 5-year age group)

(24). Currently, there are many studies on the oldest-old based

on CLHLS (26–28). And the reliability of age reporting based

on CLHLS was confirmed (23). More details of CLHLS have

been described elsewhere (25), and could be obtained from its

website (http://opendata.pku.edu.cn/dataverse/CHADS).

In this study, we used the latest wave (2018) of the CLHLS.

Participants aged 65 years and above in the database were

included in our study. Those aged 64 and below would be

excluded. Because we need to analyze the related factors of access

to healthcare services among older adults with limited ADL.

Those who had missing information on ADL and older adults

with normal ADL would be excluded. The final sample size was

3,980 (Figure 1).

Frontiers in PublicHealth 02 frontiersin.org

45

https://doi.org/10.3389/fpubh.2022.921980
http://opendata.pku.edu.cn/dataverse/CHADS
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Mai et al. 10.3389/fpubh.2022.921980

FIGURE 1

Flowchart of participants.

Ascertainment of limited activities of
daily living (ADL)

Activities of daily living (ADL) were measured by six items:

bathing, dressing, toileting, indoor transferring, continence, and

feeding. Older adults were given 1 score (complete dependence

on others), 2 scores (partial independence), or 3 scores

(complete independence) when answering the independence

ability to complete the above actions. The total score ranges from

6 to 18, and a higher score indicates better daily living ability.

If the older adult needed assistance in any one of the six items,

namely the total score lower than 18, he/she is defined to have

ADL limitation. This measurement was used and its accessibility

was confirmed by previous studies (29, 30).

Ascertainment of access to healthcare
services

In this study, we measured access to healthcare services by

using a self-report single question: “Could you get adequate

medical services when it is necessary?”. Respondents were asked

to choose “yes” or “no” according to their perception. This

question was used in each cohort wave of CLHLS, and self-

reported could reflect the situation and evaluation of access to

healthcare services perceived by older adults. It could be seen as

a complement to the objective situation of access to healthcare

services and provide a reference to guide the development of

related policies. Meanwhile, the measurement approach has

been widely used in previous CLHLS-based studies and the

measurement quality has been confirmed (2, 8–10, 31).

Explanatory variables

The explanatory variables included in this study were

categorized according to the Andersen healthcare utilization

model that includes need, predisposing, and enabling

dimensions (32). It was regarded as a useful model to

analyze healthcare utilization and has been widely used to

explore people’s health behavior and influencing factors (33, 34).

Need indicates whether and what healthcare services are

needed by an individual (32). Predisposing determines the

inclination of an individual to seek healthcare services and

enabling refers to activating or impeding the realization of

healthcare-seeking behaviors of those in need (32). We used

the investigation tool constructed by previous scholars to

measure the above three dimensions based on the CLHLS

database (2). Older adults’ need for healthcare services was

measured by two items. They were asked to rate their overall

health on a five-point Likert scale ranging from “very bad” to

“very good.” They were also asked to confirm whether they

had hypertension, diabetes, and heart disease, which are the

three most common chronic conditions in China. The former

item could be seen as a subjective need and the latter as an

objective need for healthcare services. In terms of predisposing,

it was measured by demographic characteristics (age, gender,

schooling, and marital status) and living arrangements

(living alone or not) of the respondents. The dimension of

enabling was measured by financial affordability (including

self-rated financial status on a five-point Likert scale ranging

from “very poor” to “very rich,” self-rated affordability for

daily life that the answer was classified as “yes” or “no,” and

self-reported the total number of out-of-pocket payment

for medical care last year), employment status (retired or

employed), the amount of health insurance coverage, residence

(rural or city/town), and geographic location (western,

central, eastern). The details of the items are shown in

Supplementary Table 1.

Covariate

The total score of ADL could reflect participants’

health status. Older adults with more numbers of limited

activities would get a lower score on ADL evaluation, which

shows that older adults depend more on others in daily

life and indicates they have poor health. Thus, the total

score of ADL could be the potential influencing factor

when analyzing the relationship between explanatory

variables and access to healthcare services. Therefore,

participants’ ADL total score was regarded as a covariate

in our study.

Statistical analysis

SPSS version 20.0 was used to clean the data. Multiple

imputation (MI) and binary logistic regression were used to

replace missing data and explore the relationship between
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explanatory variables and access to healthcare services,

respectively, with RStudio software. In this study, all the

variables with missing data would be replaced by multiple

imputation by chained equations (MICE) function in RStudio

(35). MI is an advanced missing data handling method,

which could replace continuous or categorical variables

with missing data. In the process of MI, each missing value

would be replaced by several different values and then

several different completed datasets are generated. The

imputed datasets are each analyzed and the study results

are then pooled into the final study result. MICE was

proposed by Buuren (36). In the MICE algorithm, a chain

of regression equations is used to obtain imputations, which

means that variables with missing data are imputed one

by one.

Results

Social-demographic characteristics

The original characteristics of the participants without

multiple imputation are shown in Supplementary Table 1.

Missing data was filled with multiple imputation for

variables such as self-rated health, chronic disease, years

of schooling, marriage status, living arrangement, economic

status, affordability for daily expenses, out-of-pocket payment

for medical care, employment status, insurance, and access

to healthcare services would be replaced. After replacing the

missing data, most participants reported they had fair or

good health. There was 67.21% of the participants who had

chronic diseases. Most participants were between the ages

of 80 and 99 years. Proportions of women participants were

higher than men (67.21 vs 32.79%). The average years of

schooling for the participants were low, namely 2.02 years.

The proportion of the widowed participants was 82.29%. Most

participants reported living with others, including living with

family members or living in an institution. While those living

alone accounted for a small proportion. The economic status

of many participants was at a fair level. There was 83.72% of

the participants could afford daily life. The average cost of

out-of-pocket payment for medical care of the participants

was 3780.81 yuan. And the standard deviation was large,

which indicates the great difference in self-economic burden

among the participants. More than half of older adults reported

having retired. Most participants had one insurance. Those

living in the city/town accounted for 60.10%, and the majority

of participants were living in the eastern region of China.

There were a few participants who could not access healthcare

services when necessary (Table 1). The original characteristics

of participants without multiple imputation are shown in

Supplementary Table 1.

TABLE 1 Characteristics of participants after multiple amputation

(N = 3,980).

Frequency Percentage (%)/

(n) Mean ± SD

Need dimension

Self-rated health

Very bad 129 3.30

Bad 807 20.28

Fair 1,497 37.61

Good 1,203 30.23

Very good 344 8.64

Chronic disease

No 1,305 32.79

Yes 2,675 67.21

Predisposing dimension

Age

65–79 258 6.48

80–99 1,980 49.75

>=100 1,742 43.77

Gender

Male 1,305 32.79

Female 2,675 67.21

Years of schooling

(continuous

measurement)

3,980 2.02±3.79

Marriage status

Married 630 15.83

Separated/divorced 52 1.31

Widowed 3,275 82.29

Never married 23 0.58

Living

arrangement

Alone 334 8.39

Living with others 3,546 89.10

Enabling dimension

Economic status

Very poor 86 2.16

Poor 455 11.43

Fair 2,728 68.54

Rich 598 15.03

Very rich 113 2.84

Affordability for

daily life

No 648 16.28

Yes 3,332 83.72

Out-of-pocket

payment for

medical care

(continuous

measurement)

3,980 3780.81± 11575.83

(Continued)
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TABLE 1 (Continued)

Frequency Percentage (%)/

(n) Mean ± SD

Employment

Retired 2,109 52.99

Employed 1,871 47.01

Insurance

No 374 9.40

One 1,955 49.12

Two or above 1,651 41.48

Residence

Rural 1,588 39.90

City/town 2,392 60.10

Regiona

Western 786 19.75

Central 1,002 25.18

Eastern 2,192 55.08

Access to health services

No 192 4.82

Yes 3,788 95.18

Limited ADL

total score

(continuous

measurement)

3,980 13.13± 3.44

The percentage of missing information from the original data ranged from 0.80–69.95,

more detail was shown in Supplementary Table 1.
aAreas were usually divided according to their geographical and economic status

in China. The investigation areas of CLHLS covers 23 of 31 provinces in China

mainland. Among them, Guangxi Zhuang Autonomous Region, Chongqing, Sichuan

Province, and Shaanxi Province were classified as western region; Shanxi Province, Jilin

Province, Heilongjiang Province, Anhui Province, Jiangxi Province, Henan Province,

Hubei Province and Hunan Province as central region; and Beijing, Tianjin, Hebei

Province, Liaoning Province, Shanghai, Jiangsu Province, Zhejiang Province, Fujian

Province, Shandong Province, Guangdong Province and Hainan Province as eastern

region. Eastern region usually ranks first in average GDP, followed by central region, and

western region (37, 38). CLHLS would expand its investigation areas in the future study.

Related factors of access to healthcare
services among older adults with limited
ADL

To reduce interaction and collinearity between different

variables, we reclassified the variables and combined those

categories with a few samples (Supplementary Table 2). For

example, in self-rated health “very bad” and “bad,” “very good”

and “good” of the original data were reclassified as “bad,”

and “good,” respectively. After multiple imputation, logistic

regression analysis was used to explore the relationship between

the explanatory variables and access to healthcare services. After

adjusting the covariates, the analysis results demonstrated that

factors in the dimensions of need and predisposing did not have

statistical significance. In enabling dimension, older adults with

better economic status (fair vs poor, OR= 2.98, P < 0.01; rich vs

poor, OR= 7.23, P= 0.05), could afford daily life (yes vs no, OR

= 2.33, P = 0.03), and living in central or eastern China (central

vs western, OR= 2.40, P= 0.02; eastern vs western, OR= 2.91, P

< 0.01) could access to healthcare services easily compared with

those with poor economic status, could not afford for daily life,

and living in western China. The detailed information are shown

in Table 2.

Barriers to using health services

Participants also reported their reasons for not going to

the hospital when they get sick. Among 253 participants

who answered this question. The top three reasons

were inconvenience in movement (43.48%, 110/253),

insufficient money (20.16%, 51/253), and unwillingness to

go (16.60%, 42/253).

Discussion

This study assessed the factors associated with access to

healthcare services for older adults with limited ADL based

on Andersen’s healthcare utilization model. We found that

the access to healthcare services of older adults with limited

ADL was related to factors in enabling dimension. In contrast,

factors in the dimensions of need and predisposing did not

have statistical significance. Meanwhile, some participants did

not go to the hospital when they got sick. Inconvenience in the

movement was the first reason, followed by insufficient money

and unwillingness to go.

In terms of the factors associated with access to healthcare

services for older adults with limited ADL. After controlling

the confounding factors, the analysis result showed that the

dimension of need did not have statistical significance. Self-

rated health and chronic disease could be seen as subjective

and objective needs of healthcare services, respectively (2).

Usually, need is the precondition of health services utilization.

However, related studies showed that people who were not in

need may still be able to access healthcare when they need

it (39). Furthermore, the concepts of need and demand are

different. In health economics, demand is the amount of a

good or service that consumers are willing and able to buy at

varying prices (40).While need relates to the number of goods or

services which should be consumed based on professional value

judgments, without taking the ability to pay into consideration

(40). Thus, it did not have statistical significance. In terms of

health, WHO defined it as a state of complete physical, mental,

and social wellbeing and not merely the absence of disease

and infirmity (41). In this study, many older adults reported

they had fair or good health conditions although they had

limited ADL or physical limitations. Probably because older
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TABLE 2 Related factors of access to healthcare services among

participants.

Explanatory variables (reference group) B P OR 95%CI

Need dimension

Self-rated health

(Bad)

Fair 2.09 0.47 1.76 1.08–2.89

Good 1.05 1.40 1.33 0.72–2.46

Chronic disease (No) 1.07 0.40 1.34 0.94–1.91

Predisposing dimension

Age

80–99 0.84 2.06 1.26 0.58–2.72

>=100 0.52 2.72 1.15 0.50–2.62

Gender (Male) −0.61 1.64 0.85 0.55–1.30

Years of schooling

(continuous

measurement)

0.35 3.08 1.01 0.94–1.08

Marriage status

(Married)

−2.06 1.08 0.57 0.31–1.07

Enabling dimension

Living arrangement

(Alone)

1.21 0.78 1.39 0.83–2.33

Economic status

(Poor)

Fair 1.09 <0.012.98 2.03–4.37

Rich 1.98 0.01 7.23 3.12–16.72

Affordability for

daily life (No)

3.11 0.03 2.33 1.56–3.47

Out-of-pocket

payment for

medical care

(continuous

measurement)

0.02 1.67 1.000.99999–1.00003

Employment status

(Retired)

−1.19 2.69 0.92 0.56–1.50

Insurance (No)

> =1 0.67 1.73 1.20 0.73–1.97

Residence (Rural) 0.72 1.02 1.22 0.85–1.73

Region (Western)

Central 3.22 0.02 2.40 1.59–3.61

Eastern 1.07 <0.012.91 2.02–4.18

Covariate variable ADL total score 1.12 0.06 1.09 1.03–1.14

95%CI, 95% confidence interval.

adults had a positive attitude toward life, namely good subject

health. The previous related research based on CLHLS showed

that long-lived individuals or oldest-olds had positive subjective

wellbeing or life satisfaction despite constraints in objective

life conditions (23). Meanwhile, Confucianism is an important

traditional culture that influences the attitudes and behavior

of Chinese people, and it promotes optimism when facing

difficulties (42). However, the potential reasons deserved further

research in future as CLHLS provided limited information about

this. Furthermore, in this study, more than 90% of older adults

reported they lived with others. They could get help from family

members or caregivers when they were in difficulties. A positive

attitude toward life or a completed family support network may

contribute to better mental health for them. Thus, it may result

in no statistical significance.

Access to healthcare services for older adults with limited

ADL was mainly related to the factors in enabling dimension.

Older adults who could afford daily life could access health

services more easily than those who could not. Participants with

better economic status reported that they could get adequate

medical services when it is necessary compared with older adults

with poor economic status. Older adults living in eastern or

central regions could gain health services more easily than those

living in the western region. The results above are consistent

with relevant studies (20, 22, 43). When talking about economic

status and affordability for daily life, these two factors indicated

that financial capacity plays an important role in access to

healthcare services for older adults with limited ADL. Compared

with young people, older adults suffer from different kinds

of diseases and impairments and would spend more money

on health services (44). Thus, enough financial capacity is

one of the basic conditions that ensure they gain sufficient

healthcare services. In terms of living regions, the advanced

and excellent healthcare resources are mainly distributed in

the eastern region of China, followed by the central region,

while the western region is relatively insufficient (45, 46).

The unbalanced healthcare resources distribution hinders older

adults who are living in remote areas from getting immediate

or enough healthcare services (37). The analysis result revealed

that other enabling factors, such as out-of-pocket payment,

employment status, insurance, and residence, did not have

statistical significance. Probably because of the interaction effect

or similar distribution of different variables. Taking insurance,

for example, most participants had at least one insurance. Over

the past few decades, China has made important progress in

achieving full insurance coverage across and within regions

(37). In 2018, health insurance coverage in China was 96.8% of

the whole population (47). It helps to reduce some economic

burdens for patients, and the high insurance coverage indicates

that most Chinese people had basic healthcare protection.

Therefore, the analysis result did not have statistical significance.

Factors that consisted of predisposing dimensions did

not associate with the access to healthcare services of the

participants, which was different from the relevant studies

(9, 10). Probably because compared with other factors, like

mobility or physical ability, predisposing had a smaller impact

on getting healthcare services for older adults with limited

ADL. Furthermore, predisposing dimension includes many

social demographic characteristics, and they may have potential
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interaction with each other or older adults with limited ADL

had similar social demographic characteristics distribution.

Therefore, it did not have statistical significance. Meanwhile,

China has conducted healthcare reform in recent years. Many

healthcare policies were conducted to let people, especially

those living in poverty or remote areas, enjoy different kinds

of healthcare services near their residences (11). For example,

integrated healthcare system, telemedicine, and family doctor

services have been promoted greatly in recent years. The

integrated healthcare system refers to the tertiary hospitals as

the core, combined with the secondary hospitals in the region

and the community health service centers (11). By optimizing

and integrating the medical resources, the community or

remote areas residents can enjoy homogenized services, thus

creating a reasonable and orderly medical treatment model

(11). These policies could realize geographic and service

accessibility and thus social demographic characteristics may

have a minor influence over other factors. However, these

policies themselves and their implementation were confronted

with many problems, which means more efforts are needed. For

example, the application of telemedicine is relatively limited in

intensive care and nursing because of the immature technology,

lacking legislation on charging standards, and responsibility

distinction (46). And it gains low acceptance by patients

especially older adults who are unfamiliar with information

technology (48). With the increasing population and older

adults, the total amount of family doctors was insufficient

(49). In terms of the development of an integrated healthcare

system, it was limited by the inadequate technical level of

secondary or primary services centers (11), the fragmented

governance, and incoordination of healthcare resources in

China (50, 51). Furthermore, these policies could not change

the unbalanced distribution of excellent or high-quality medical

resources between different regions or spatial disparities in

a short time, many provinces with low GDP levels or low

urbanization, such as provinces in the western region, those

resources were in shortage relatively (45). In addition, these

policies are focused on the general population while people with

limited ADL deserved further attention. Meanwhile, relevant

studies (52, 53) indicated that policies usually had delayed or

lag effects. Policies about access to healthcare services usually

include comprehensive and complicated issues. Therefore, it

needs more time to bring these policies into effect. Thus, this

study figured out that access to healthcare services still varies in

different regions.

Although participants had a high rate of access to healthcare

services, some older adults did not go to hospitals when they

got sick. This study found that the primary reason was an

inconvenience in movement. Hospitals or medical institutions

had professional medical staff, equipment, drugs, and other

medical resources, which could provide comprehensive and

professional healthcare services for patients. Adequate access

to healthcare is beneficial to health by facilitating timely and

quality medical care to screen for and treat diseases in the

early stage, postponing declines in physical function with illness,

restoring immune function, and ultimately prolonging survival

(10). However, older adults with ADL limitations or mobility

disabilities would be impeded getting healthcare services such

as going to the hospital immediately, especially those who lack

family members or caregivers’ help (9). Related studies indicated

that transport problems hinder disabled people from getting

healthcare services (43). In China, there are still some difficulties

for disabled people going out currently. Although many public

transportations have installed barrier-free facilities. Too much

traffic during regular work days, low service awareness of the

drivers, and many time and human resources needed to switch

on these facilities contribute to low usage of the facilities

for disabled people (54). It results in difficulty of geographic

accessibility for people with disability to access healthcare

services. Therefore, the phenomenon or problem mentioned

above may become the potential reason why inconvenience in

movement is the major reason that participants did not go to

hospitals when they got sick.

The analysis results about related factors of access to

healthcare services based on Andersen’s healthcare utilization

model and self-reported reasons for not going to hospitals

demonstrated that relevant policies should be considered to

improve the accessibility to healthcare services for older adults

with limited ADL. In terms of financial factors, both health

and endowment insurances should be improved to reduce

older adults’ economic burden and increase their willingness

to utilize healthcare services instead of bearing the pain of

disease. Currently, although China has made large insurance

coverage across and within regions, it is still at the basic

level. The depth and scope of the insurance policy, such as

health insurance reimbursement rates and coverage of different

kinds of diseases needed to be increased or expanded (22, 37).

When talking about the distribution of healthcare resources.

Policies like integrated healthcare system, telemedicine, and

family doctor services mentioned above should be further

promoted and implemented so that older adults in remote

or poorer areas could gain healthcare services immediately.

Inconvenience in mobility is the main reason that older

adults with limited ADL reported why they did not go

to hospitals when they were in need. First, enough family

doctors could provide medical services by going to older

adults’ homes immediately when they are in need. Meanwhile,

related studies recommended that all efforts be expended to

extend appropriate rehabilitation services, including home-

based care and appliances to those identified as having a

disability, particularly to those older than 65 years (43, 55).

And the services need to be affordable and accessible in terms

of suitable transport so that older adults with low income and

mobility problems could enjoy these services (43, 55). Second,

barrier-free facilities should be installed widely in public areas.

Government or community managers could provide regular
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public transportations, especially for older adults with limited

ADL to help them go to hospitals nearby when they need

it (56). In addition, relevant studies showed that family or

social support could help older adults, especially those with

limited ADL, access healthcare services more easily (8, 18).

Therefore, family members or caregivers should take care of

older adults with mobility limitations, and pay more attention

to their health. They should accompany older adults to accept

healthcare services as soon as possible when older adults are

in need. For community managers or governments, family

doctor services deserved more investment. Doctors should visit

older adults regularly, especially those having inconvenienced

in movement.

Our study analyzed the current situation of access to

healthcare services for older adults with limited ADL based on a

national representative database in China, CLHLS. This provides

us with a comprehensive insight into the healthcare services

usage of older adults with limited ADL across the country. In

addition, we adopted Andersen’s healthcare utilization model

to systematically explore related factors of access to healthcare

services among older adults with limited ADL. Meanwhile,

relevant strategies were proposed to increase financial and

geographical accessibility to healthcare services based on a

complete look into related factors. For example, we suggested

policy priority should be put into the appropriate increase

of health insurance reimbursement rate, even distribution of

healthcare resources across regions, and growing investment

in barrier-free facilities. On top of that, we call on more

involvement of family members in elderly care. However, there

were some limitations in our study. First, access to healthcare

services was measured by one item in this study due to limited

related information from the CLHLS database. It may lack

information about objective service utilization. However, self-

reported access to healthcare services could indicate if the

objective service utilization could satisfy participants’ needs and

show if the supply of the healthcare services could help older

adults. It could be one of the most important information to

guide the formation of related policies. Furthermore, there are

many variables in CLHLS, and investigating access to healthcare

services was not the only goal of it. In future study, we

could try to include representative items and develop scales

to measure related variables systematically. Second, followed-

up studies or cohort studies should be conducted to fully

analyze in future as this research was confirmed based on cross-

sectional analysis. Last but not the least, in future study, other

related variables or influencing factors, such as social support,

social network, patients’ medical expectation, patients’ health-

seeking behavior or preference, and patients’ health literacy,

could be included to fully realize the situation and related

factors of access to healthcare services of older adults with

limited ADL.

Conclusion

In this study, we found that access to healthcare services

for older adults with ADL limitations was mainly related to

the factors of economic status, affordability for daily life, and

living regions in enabling dimension based on Andersen’s

healthcare utilization model. While factors in the dimensions

of need and predisposing did not have statistical significance.

Meanwhile, inconvenience in the movement was the major

barrier that some participants reported why they did not go

to the hospital when they got sick. Strategies related to health

insurance, healthcare system, barrier-free facilities, and social

support were proposed to increase the access to healthcare

services for older adults with limited ADL, which could benefit

their health.
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Background: Cataracts are highly prevalent in rural China, but patient

utilization of eye care services is low. Cataract knowledge is regarded as

an important factor in eye care utilization. Few studies, however, have been

conducted to measure the level of cataract knowledge and its relationship

with eye care utilization among older adults in rural China. Hence, we

described cataract knowledge and investigated the relationships between

cataract knowledge and eye care utilization among adults (≥50 years) in rural

Western China.

Methods: A large community-based cross-sectional study was conducted

from October to December 2020 among adults aged 50 years and older

in 73 rural villages in Qingcheng County, Western China. The participants

underwent an eye examination at their village clinic to determine whether they

had cataracts. Participants also answered a questionnaire about cataracts, eye

care utilization status, and sociodemographic characteristics. The collected

data underwent descriptive and multiple logistic regression analyses.

Results: The eye examinations revealed that 45.15% (675/1,495) of participants

had cataracts in at least one eye, yet 90.67% (612/675) were left untreated.

The average score achieved by participants about cataract knowledgewas 4.91

points (total score was eight points). Correct knowledge about cataracts was

positively associated with cataract screening and cataract surgery. Elders with

better cataract knowledge were 2.21 times more likely to undergo cataract

screening (OR, 2.21; 95% CI, 1.54–3.16) and 5.61 times more likely to undergo

cataract surgery (OR, 5.61; 95% CI, 2.87–10.98). More than half had three

fundamental misconceptions about how cataracts should be treated, how

much they should cost, and when they should be treated. Participants who did

not have these misconceptions were more likely to receive cataract screening

by 1.21–2.02 times and cataract surgery by 1.76–3.48 times.

Conclusion: There are misunderstandings about cataract treatment methods,

treatment costs and timing in the sample areas. A better understanding of
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cataracts was significantly positively associated with cataract screening and

cataract surgery. Health education on cataracts and regular eye examinations

are needed to improve eye care utilization in rural China.

KEYWORDS

cataract, cataract knowledge, eye care utilization, rural China, elder

Introduction

Cataract remains the leading cause of blindness in

developing countries (1). The prevalence of cataracts is highly

correlated with age and more prevalent in adults over 50 years

old (2). If left untreated, cataracts worsen vision and reduce the

quality of life by limiting the patient’s productive activities and

lowering personal and family economic levels (3, 4). People with

cataracts are also more prone to depression and social isolation

(5). Some studies have also found that cataracts pose other

risks, such as increased falls, a common cause of death in older

adults (6, 7).

China provides a representative case for cataract study.

Cataracts caused 18.14 million Chinese people to have a

moderate or severe visual impairment in 2019, and 2.95 million

became blind (8). The disease burden caused by cataracts in

China ranks second globally, only lower than in India (9). As the

aging population grows in China (10), timely cataract treatment

is necessary.

Surgery is the only effective way to treat cataracts and has

been rated by theWHO as one of the most cost-effective medical

procedures (2). In addition, with the development of surgical

technology, surgical vision can be recovered quickly, and the

visual effect is good (1). However, China’s cataract surgical

rate (CSR) is low, especially in rural areas. Cataract Surgical

Rate, which refers to the number of Cataract surgery each year

for every million people, is the most commonly used national

standard. The National Health Commission reported in June

2020 that the CSR in China was close to 3,000 (11), which is far

lower than the average rate of 6,000 CSR in developing countries,

and 10,000 CSR in developed countries average rates (12). CSR

saw a large urban-rural gap in China. An empirical study points

out that in 2012, the CSR in Shanghai’s urban area exceeded

6,000, while is only 500 in rural areas (13). In addition to the

CSR indicator, cataract surgical coverage (CSC) provides a more

accurate measure of how many patients who require cataract

surgery have already had cataract surgery (4). A population-

based sample representative of rural areas throughout China

finds that CSC among those with VA worse than 20/200 in both

eyes because of cataracts was 62.8% (14), which has not met the

World Health Organization’s minimum CSC standard (85%).

The main barrier to the cataract surgery rate may come from

the demand side, especially patients’ knowledge of cataracts (15,

16). In China, villagers can reduce at least 50% cost of cataract

surgery through the New Rural Cooperative Medical System

(17). On the other hand, many studies find that awareness and

knowledge of cataracts is the main barrier to the low cataract

surgery rate (15, 18, 19). A study in southern China found that

only 10% of people know adequately about cataracts (20).

Studies suggested that individual awareness and knowledge

of eye diseases are important factors in screening, diagnosis,

treatment compliance, and prevention (21). Furthermore,

assessing cataract knowledge is a prerequisite for designing

cataract health education interventions (22, 23). However,

previous studies were conducted in cities or areas with better

economic levels (16, 22, 24) and were small samples (19, 20, 25).

Besides, studies targeting the population over 50 years of age

are insufficient. Nevertheless, paying attention to the cataract

knowledge level of this group of people is essential for the timely

treatment of cataracts. More research was needed in this field.

Therefore, this paper aims to describe the knowledge of cataracts

among adults aged 50 and above in rural Western China and

to analyze the relationships between knowledge of cataracts and

eye care utilization using a large-scale community-based sample.

Methods

Setting

A community-based, cross-sectional study was conducted

among adults aged 50 and above in rural areas of Qingchen

county, Gansu Province, Northwestern China. This study was

carried out fromOctober to December 2020. Qingcheng County

is located 60 km from the main Qingyang City. Two public

hospitals provide different eye care services in Qingcheng,

including cataract screening and cataract surgery. Five hospitals

in Qingyang city also provide cataract treatment services.

Qingcheng County is in the eastern part of Gansu Province.

Gansu province is relatively underdeveloped compared to other

regions of China. Official statistics indicate that in 2020, villagers’

per capita income in Gansu was 39.6% lower than the national

level. The villagers’ per capita income in Qingcheng County was

2.5% lower than in Gansu province. Our sample area is more

representative of the situation in poorer rural areas.
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Sampling

The study sample was collected using a random

sampling procedure at the village level. First, a list of

the population in each village was obtained through the

county people’s hospital, involving 153 villages. Ten villages

were dropped due to the total population of the village

being less than 800. Then, we randomly selected half of

the 143 villages as sample villages. Hence, 73 villages were

included in this study. Finally, all residents who were

50 years old and above in these villages participated in

this study.

Eligibility criteria included being a registered

resident of Qingcheng, aged 50 years or older, able

to give oral informed consent and verbally answer

questions on the researcher-administered questionnaire.

A total of 1,554 participants were eligible for the study,

among which 1,495 provided complete information

required by the questionnaire. The response rate

was 96.2%.

Data collection

Eye examinations

The survey included two parts: eye examinations and

a questionnaire survey. The eye examinations were carried

out by a team of five people, including an ophthalmologist

and a nurse from the local public hospital, an experienced

ophthalmologist from the Zhongshan Ophthalmic Center, and

two questionnaires.

Three days before the eye examinations, the village clinic

doctor informed the villagers aged over 50 to attend the

eye examinations on the appointed day and informed them

that the eye examinations were free. The eye examinations

session lasted from 9 a.m. to 5 p.m. at the village clinic,

during which the ophthalmic screening team offered free eye

examinations to all villagers aged above 50. Eye examinations

included two steps: vision screening and cataract diagnosis.

First, the nurse measured participants’ presenting visual

acuity (PVA) by Early Treatment Diabetic Retinopathy

Study (ETDRS) charts, a worldwide standard instrument for

assessing visual acuity (26). If one’s PVA was ≤0.3 in the

better eye (a recommended criteria for cataract surgery) (27),

he/she would proceed to the cataract screening. Secondly,

the ophthalmologist conducted a full ocular examination of

pupil dilation using a slit lamp microscope to diagnose the

cataract. When there is a dispute about cataract diagnosis,

the result is subject to the ophthalmologist from the

Zhongshan Ophthalmic Center. Visual acuity and further

cataract diagnosis results were recorded by the nurse and the

ophthalmologist, respectively.

Questionnaire survey

The questionnaire survey was executed in the form of a face-

to-face interview. The questionnaire survey consists of three

parts: basic information, eye care utilization and knowledge

of cataracts. Basic information included age, gender, education

status and marital status. The facts, such as whether the

interviewee lives with at least one child or not and the annual

household income, were also included in the information.

Eye care utilization can be measured by asking participants

to answer yes or no to (1) whether they had at least a vision

screening in the past, (2) whether they ever had cataract

screening in the past, and (3) whether they were ever had

cataract surgery. According to these answers, eye care utilization

was defined as three dummy variables (0= No, 1= Yes).

Participants’ knowledge of cataracts was assessed using eight

questions in our study. Participants’ knowledge of cataracts

was assessed using eight questions in our study. Following the

literature (15, 20), these questions were developed by a group of

health experts from Shaanxi Normal University and Zhongshan

Ophthalmic Center (an authoritative ophthalmology institution

in China). Each item was equally weighted. The eight

dichotomous variables (knowledge of cataracts) were given a

score of 0 (wrong answer) or 1 (right answer).

Hence, the total score for all knowledge questions ranged

from 0 to 8 points. We also generate a dummy variable

named cataract knowledge level, which takes the value of 1

if the total score is higher than the mean (good knowledge),

and 0 (poor knowledge).

Ethical consideration

The study was conducted following the Declaration of

Helsinki and approved by the Stanford University Institutional

Review Board (ID. 64279). Health education about cataracts

was given after the survey for each study participant. We

obtained the respondents’ oral informed consent; All data were

analyzed anonymously.

Statistical analysis

Frequencies and percentages were used to describe

data. Multivariate logistic analyses were used to analyze

the associations between cataract knowledge and eye care

utilization. Covariables were included in the regression,

including age, gender, education status, marital status, whether

the interviewee lives with at least one child, household income

and whether PVA ≤0.3 in either eye. This study’s result was

deemed statistically significant if the P-value was <0.05. Odds

ratios (OR), 95% confidence intervals (CI), and P-value are
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TABLE 1 Sociodemographic characteristics of adults aged 50 and

above in rural Western China (n = 1,495).

Variables Frequency Percent (%)

Age

50–59 641 42.88

60–69 519 34.72

70 & above 335 22.41

Gender

Male 609 40.74

Female 886 59.26

Education status

No formal education 654 43.75

Primary education 496 33.18

Secondary education and above 345 23.08

Marital status

Don’t have a spouse 371 24.82

Have a spouse 1,124 75.18

Live with a least one child

No 877 58.66

Yes 618 41.34

Household Income (RMB)

<10,000 690 46.15

10,000–20,000 487 32.58

≥20,000 318 21.27

Presenting visual acuity ≤0.3 in either eye

No 964 64.48

Yes 531 35.52

presented in Tables 4, 5. All analyses were conducted using

Stata15.1 (Stata Corp).

Results

Sociodemographic characteristics of the
sample

Among 1,554 adults aged ≥50 years, 1,495 of them

completed the interview. The response rate was 96.20%.

The mean age was 63 years (±9 years). Among the study

participants, about 60% are female. In terms of education,

43.75% of respondents had no formal education. Three-quarters

(1,124/1,495) of the study participants have a spouse, and more

than half (877/1,495) do not live with a child. Forty-six percent

(690/1,495) of the study participants’ household income was

<10,000 RMB (Criteria for low-income families in rural China).

Most respondents (1,124/1,495) have PVA less than or equal to

0.3 in either eye (Table 1).

TABLE 2 Previous history of eye care utilization and prevalence of

cataracts of adults aged 50 and above in rural Western

China (n = 1,495).

Variables Frequency Percent (%)

Previous vision screening

Yes 531 35.52

No 964 64.48

Previous cataract screening

Yes 269 17.99

No 1,226 82.01

Diagnosed with cataracts by this study

Yes 675 45.15

No 820 54.85

Had a cataract surgery

Yes 63 9.33

No 612 90.67

History of eye care utilization and
prevalence of cataract

Before this study, 35.52% of the 1,495 participants had

received vision screening and 17.99% had undergone cataract

screening. Our vision and cataract screening revealed that

45.15% of participants had cataracts in at least one eye (Table 2).

Among those diagnosed with cataracts, the majority (90.67%)

of them were left untreated, suggesting the cataract surgical

coverage was <10% in our sample, lower than the World

Health Organization’s minimum cataract surgery coverage

standard (85%).

Participants’ knowledge of cataracts

Table 3 shows the knowledge of cataracts among the

participants presented in the correct rate of questions from

high to low. The participants’ mean (±SD) knowledge score

is 4.91 ± 1.91 points. Among the eight questions, the correct

rate of five questions is more than 50%. As for the level of

cataract knowledge, we find nearly two-thirds (62.88%) of the

participants had good knowledge of cataracts.

Specifically, the accuracy of each question is ranked in

descending order as follows. The importance of regular cataract

examinations was acknowledged by 1,226 (82.01%) participants.

About 70% of the participants believed that cataracts could

be treated with surgery and that the surgery was safe. It was

understood by 1,034 participants (69.22%) that cataracts are

a common disease for older. More than two-thirds (67,89%)

believed that cataract surgery improves visual acuity. However,

the accuracy of the three questions is <50%. Over half of the

participants had the wrong idea about how to treat cataracts, as
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TABLE 3 Knowledge about cataracts among adults aged 50 and above in rural Western China (n = 1,495).

Questions Scoring scheme Correctly answered

N %

1. Whether the elders need to do regular cataract examinations? Yes= 1 mark 1,226 82.01

2. Can cataracts be cured by surgery? Yes= 1 mark 1,087 72.71

3. Whether cataract surgery is safe? Yes= 1 mark 1,060 70.90

4. Whether cataracts are a common disease for elders? Yes= 1 mark 1,034 69.22

5. Will cataract surgery improve eyesight? Yes= 1 mark 1,015 67.89

6. Can cataracts be cured with medications? No= 1 mark 714 47.76

7. Whether cataract surgery is covered by New Cooperative Medical System? Yes= 1 mark 663 44.35

8. Should a patient delay cataract surgery before being blind? No= 1 mark 540 36.12

TABLE 4 Multivariate estimation of the association of knowledge level about cataracts with eye care utilization.

Variables Cataract screening (n = 1,495) Cataract surgery (n = 675)

OR (95%CI) P-value OR (95%CI) P-value

Cataract knowledge level

Poor 1 – 1 –

Good 2.21 (1.54–3.16) 0.007 4.92 (2.50–9.70) 0.001

Age

50–59 1 – 1 –

60–69 2.46 (1.67–3.62) 0.000 1.64 (0.58–4.70) 0.353

70 & above 2.60 (1.66–4.06) 0.000 3.51 (1.69–7.27) 0.095

Gender

Male 1 – 1 –

Female 1.52 (1.09–2.12) 0.019 0.72 (0.44–1.18) 0.195

Education status

No formal education 1 – 1 –

Primary education 0.97 (0.66–1.44) 0.937 1.08 (0.60–1.95) 0.794

Secondary education and above 1.34 (0.87–2.07) 0.070 1.04 (0.55–1.97) 0.899

Marital status

Don’t have a spouse 1 – 1 –

Have a spouse 0.81 (0.57–1.15) 0.290 0.61 (0.38–0.96) 0.032

Live with a least one child

No 1 – 1 –

Yes 0.97 (0.70–1.34) 0.867 0.93 (0.59–1.49) 0.771

Household income (RMB)

<10,000 1 – 1 –

10,000–20,000 0.69 (0.47–1.00) 0.075 0.61 (0.35–1.08) 0.090

≥20,000 1.03 (0.68–1.56) 0.858 1.45 (0.83–2.56) 0.189

Presenting visual acuity ≤0.3 in either eye

No 1 – 1 –

Yes 2.46 (1.80–3.37) 0.000 2.69 (1.68–4.29) 0.000

evidenced by the 714 (47.76%) people who correctly answered

that cataracts cannot be cured with medications. Less than half

of those participants (44.35%) knew that the new cooperative

health system covered cataract surgery. In addition, only 37

(2.47%) participants know the specific reimbursement rate of

cataract surgery. As for the question with the lowest accuracy,

only 540 (36.12%) participants realized that cataracts should

be treated in time, which means that about two-thirds of the
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TABLE 5 Multivariate estimation of the association of knowledge about cataracts with eye care utilizationa.

Variables Cataract screening (n = 1,495) Cataract surgery (n = 675)

OR (95% CI) P-value OR (95% CI) P-value

1. Whether the elders need to do regular cataract examinations? 1.44 (0.94–2.21) 0.092 1.63 (0.79–3.35) 0.185

2. Can cataracts be cured by surgery? 1.64 (1.15–2.35) 0.000 4.08 (1.84–9.08) 0.001

3. Whether cataract surgery is safe? 1.49 (1.05–2.11) 0.025 9.04 (3.30–24.79) 0.000

4. Whether cataracts are a common disease for elders? 1.46 (1.03–2.08) 0.036 1.62 (0.88–2.99) 0.119

5. Will cataract surgery improve eyesight? 1.99 (1.40–2.83) 0.000 5.59 (2.63–11.89) 0.000

6. Can cataracts be cured with medications? 2.02 (1.48–2.76) 0.000 3.24 (1.86–5.65) 0.000

7. Whether cataract surgery is covered by New Cooperative Medical System? 1.44 (0.96–2.16) 0.074 1.20 (0.72–2.03) 0.484

8. Should a patient delay cataract surgery before being blind? 1.21 (0.86–1.68) 0.271 1.82 (1.05–3.16) 0.032

aThe answer “Wrong” is the comparison in each regression.

participants might delay cataract surgery before losing eye

vision (Table 3).

Knowledge of cataracts and eye care
utilization

Table 4 shows the associations of cataract knowledge

level with eye care utilization (cataract screening and

surgery) estimated by multiple logit models. We find that

cataract knowledge level was significantly associated with

cataract screening and cataract surgery. Participants with

good cataract knowledge were 2.21 times more likely to

undergo cataract screening (OR = 2.21; 95% CI = 1.54–

3.16, P = 0.007). Moreover, cataract patients with good

knowledge were 4.92 times more likely to undergo cataract

surgery (OR= 4.92; 95% CI= 2.50–9.70, P = 0.001).

Several sociodemographic characteristics were also

associated with cataract screening and cataract surgery

(Table 4). Older age (P < 0.001); female (P < 0.05), and PVA

≤0.3 in either eye (P < 0.001) were associated with cataract

screening, while education status, marital status, living status

and household income were not; As for the cataract surgery,

the following characteristics were associated with cataract

surgery: don’t have a spouse (P < 0.05) and PVA ≤0.3 in either

eye (P < 0.001).

Furthermore, we investigated the association between

these eight categories of knowledge and eye care utilization

respectively to investigate which category of knowledge

influences the participants’ eye care utilization. The results

are shown in Table 5. In general, participants with adequate

knowledge of cataract surgery were more likely to undergo

cataract screening and surgery.

For cataract screening, participants who correctly answered

the question “cataracts cannot be cured with medications” were

two times more likely to undergo cataract screening (OR =

2.02; 95% CI =1.48–2.76), which has the strongest influence on

the screening among eight questions. Participants who realized

that “cataracts can be cured by surgery,” “cataracts surgery is

safe,” “cataracts are a common disease,” and “cataract surgery

can improve eyesight” were more likely to undergo cataract

screening than their counterparts. However, the knowledge of

“Should a patient delay cataract surgery before being blind?” was

insignificantly associated with cataract screening (P = 0.271). It

is understandable, considering that this knowledge seems to be

indirectly related to accepting cataract screening.

For cataract surgery, patients who realize that “cataracts

can be cured by surgery,” “cataracts surgery is safe,” “cataracts

cannot be cured withmedication,” “cataract surgery can improve

eyesight” and “a patient should not delay cataract surgery before

being blind” were more likely to undergo cataract surgery than

their counterparts.

Discussion

Like in other countries or areas, cataracts in rural Western

China remain a devastating condition. Cataracts were diagnosed

in 45.15% of the participants aged 50 and above, which is

consistent with earlier research (8, 28). However, our study

found that the rate of eye care utilization in rural areas was

much lower than in urban or developed areas. According to

the American Academy of Ophthalmology’s (AAO) guidelines,

people aged 65 years and older should have a vision test every 1–

2 years (29). Whereas, only one-third of the subjects (35.52%) in

this study reported they had sought vision screening in the past,

and even fewer (17.99%) indicated they had undergone cataract

screening. Among the patients diagnosed with cataracts, only

9.33% underwent cataract surgery. This proportion was only

half of that in urban areas (17.81%) (25). This finding implies

that improving cataract surgical coverage in rural areas of China

continues to be challenging.

The overall cataract knowledge level found in the current

study was 62.88%, which is close to a study done in northwest
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Ethiopia (61.7%) (19) but lower than studies done in Chengdu,

China (70.8%) (24) and Nepal (70.4%) (30). The target

population for the last two studies was age ≥40. Hence, these

subtle differences may be due to the difference in the target

population and study setting.

Specifically, in our sample, adults over 50 years old

are unable to understand cataract knowledge mainly in 3

aspects. The first and biggest misconception is that many

people believe that cataracts need to be treated until they

are blind, which means villagers do not know the right time

to treat cataracts. On the second, more than half of the

participants were unaware that new rural cooperative medical

care reimburses the cost of cataract surgery, and even fewer

were aware of specific reimbursement ratios. As a result, these

individuals may choose not to seek eye care services because

of miscalculating treatment costs for their cataracts. While

on the third, 52.24% of the participants thought that taking

medicine could cure cataracts, which illustrated that the correct

treatment modality for these individuals was unclear. People

with this misconception may choose not to have cataract surgery

because they think medications (e.g., eye drops) can replace

surgery. This result was also demonstrated by the multiple

regression results in Table 5 (Row 6, columns 3), in which

individuals who believed that cataracts could not be treated with

medication were 3.24 times more likely to have surgery than

those with these misconceptions. These results show that the

correction of misunderstandings above must be covered in the

health education on cataracts. Of course, other cataract-related

knowledge in health education is also needed.

Furthermore, we found that those with better knowledge of

cataracts were more likely to participate in cataract screening

and surgery. Whether cataract knowledge is analyzed as a whole

or divided into eight questions, the results are robust. The results

have also been found in other related studies (15, 31, 32). This

study enlightens that education on cataract knowledge in rural

areas may help improve eye care utilization. In addition to

cataract knowledge, we also found that age and vision status may

be major factors affecting eye health services.

Our study still has several limitations. Firstly, our resultsmay

be skewed because villagers with an existing vision impairment

or cataract would bemore likely to participate than those with no

such problem. However, the prevalence of cataracts in this study

is generally consistent with previous studies suggesting that any

bias would be small. Further studies are needed to evaluate the

causal relationship between knowledge of cataracts and eye care

utilization. Second, the utilization of eye care services are self-

reported variables, and self-report biasmay influence our results.

Additionally, this study describes a population from a single

region in rural Western China. Thus, extending our results to

other settings must be done only with caution.

Despite its limitations, based on a large sample, our study

provides new data on the villagers’ knowledge of cataracts and

its relationship with eye care utilization in rural areas. Moreover,

the study has described the key misunderstanding in cataract

cognition in rural areas and generated a useful prerequisite

for eye health education interventions in the future. Therefore,

the results of this study will provide researchers, policymakers,

and resource distributors with basic information to plan health

education and promotion programs that enable early cataract

prevention and treatment options.

Conclusions

Cataract patients in Western China’s rural areas have low

utilization of eye care and misconceptions about cataract

treatment methods, timing, and cost. Better knowledge of

cataracts was significantly and positively associated with cataract

screening and surgery. With the aging population in the future,

the scale of cataract patients and the number of blindness

caused by cataracts will continue to expand. Hence, it is

recommended for the national and regional ministry of health

offices to organize different health education programs focusing

on regular eye examinations in rural areas.
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autonomy structural
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ISM model approach

Le-ping Wan, Guang-mei Yang, Hai-ying Dong,

Xiao-xiao Liang and Yan He*

College of Public Health, Zhengzhou University, Zhengzhou, China

Aims: To explore the structural relationship between perceived participation

and autonomy among older adults with stroke and hypertension in home and

community-based services (HCBSs) in the eastern coastal region of China.

Design: An explorative cross-sectional study.

Methods: From July to September 2021, a total of 714 respondents were

reported to have stroke and hypertension, and their information was used

in the analysis of this study. A multiple linear regression analysis was used

to explore the factors influencing factors older adults’ perceived participation

and autonomy. Using the ISM model, we analyzed the factors a�ecting social

participation in patients with stroke and hypertension and explained the logical

relationships and hierarchy among the factors.

Results: The mean score of perceived participation was 58.34 ± 27.57. Age,

marital status, health insurance, living status, number of children, chronic

diseases, sleep time, frequency of outings, and health utility value were

significant factors a�ecting perceived participation and autonomy with stroke

and hypertension patients. Among them, health insurance is the direct

factor on the surface, age, number of children, chronic diseases, sleep time,

frequency of outings, and health utility value are the intermediate indirect

factors, and marital status and living status are the deep-rooted factors.

Conclusion: By the study that the hierarchical structure provides a visualization

of interrelationships and interdependences among the influencing factors

of perceived participation and autonomy. It also may be a significant

complement to traditional variable-entered approaches and construct an

optimizedmultidimensional perspective of participation and autonomy. Future

research should focus on optimizing the living environment of older adults with

stroke and hypertension to explore themodel of rehabilitative intervention and

help patients successfully reintegrate into their families/societies.

KEYWORDS

perceived participation and autonomy, stroke, hypertension, ISM model, structural

relationships
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Introduction

Given the aging of the global population, the prevalence of

various chronic diseases has increased significantly worldwide.

Studies have shown that cardiovascular diseases have replaced

malignant neoplasms as the leading cause of death in the

population, and hypertension, as a major risk factor for

cardiovascular diseases, with stroke as a typical example (1),

and has attracted great attention worldwide (2, 3). China, an

“aging giant,” has approximately 264 million people over 60

years old (18.7%) and 191 million people over 65 years old

(13.5%) (4), and the prevalence of hypertension was as high

as 53.2% of people over 60 years of age. Unlike hypertension,

which takes years to manifest clinically, stroke presents sudden

and devastating neurological consequences. Stroke is among the

most common causes of death and disability worldwide (5),

it can affect the afflicted person’s functioning and cause the

individual to experience chronic disability (6). Many people with

stroke are not able to resume their previous roles in life or engage

in various activities as they did in the past (7). As announced by

the Chinese Center for Disease Control and Prevention, up to

2018, the number of individuals surviving a stroke in China had

reached 12 million and approximately three-quarters of these

survivors had dysfunctions, resulting in a social and economic

burden of over 40 billion RMB per year (8). Their participation

in their everyday lives can bemarkedly restricted after stroke and

hypertension (9–13).

Arguably, one of the most important components of

healthy aging is a person’s participation in social life (14). In

the International Classification of Functioning, Disability and

Health (ICF), participation is defined as involvement in a life

situation (15, 16). Autonomy is a prerequisite for effective

participation. Autonomymeans self-rule and implies that people

have the right to make their own choices and decide how, when,

and where to participate in activities (17). Thus, the concepts

of participation and autonomy are strongly connected. The

ability to participate autonomously to a sufficient extent can

determine the health status of the elderly for some time. Cardol

et al. (17) developed the Impact on Participation and Autonomy

Questionnaire (IPA) to assess rehabilitation interventions and

individual perceived impairment. The questionnaire has been

translated into multiple languages (18), and the validity and

reliability of IPA have been validated in Chinese populations

and are continuously used to determine the quality of life in

stroke patients (19, 20), spinal cord injury patients (21), and the

elderly population (22). This study investigated the autonomous

participation of the elderly using the revised Chinese version

of the Impact on Participation and Autonomy Questionnaire

by He et al. (23). An optimized multidimensional perspective

of social participation is constructed by using the ISM model

as a significant complement to traditional variable-entered

approaches. The ISMmodel is a method of analysis developed by

Professor Warfield, USA, which emphasizes the establishment

of a hierarchical model of a complex system based on the

relationships between system factors to determine the intrinsic

correlation and hierarchy between the factors in the system

(24, 25).

Based on large databases in China, national surveys (26,

27) and a survey of representative cities in some regions

about social participation have been carried out, but little

is known about social participation among older adults on

the east coast of China. Based on the questionnaire data of

home and community-based services (HCBSs) older adults

in the east coastal area of China, this study uses a multiple

linear regression analysis of the influencing factors of perceived

participation and autonomy structural relationships among

related factors in patients with stroke and hypertension and

then further analyzes the correlation and hierarchical structure

between the influencing factors through an ISM model to

explore the internal mechanism affecting the participation

and autonomy.

Materials and methods

Source of data

Based on the level of economic development and

geographical location, China as a whole can be divided into

three major economic regions, namely the eastern region, which

is the first province to adopt the coastal opening policy and

has a high level of economic development, the central region,

which is the second most economically developed region, and

the western region, which is the less economically developed

region. In this study, the eastern region, which has a high level

of economic development, is chosen as the target. Using cross-

sectional investigation was conducted from September 2021

to December 2021 by the public health staff in the household

survey. A multistage stratified whole-group sampling was used

for this study design involving three provincial cities, namely,

Suzhou, Guangzhou, and Qingdao, to obtain a representative

sample of community-based adults aged 60 years or older. These

provincial cities are by geographical location and socioeconomic

development status. A county/district was randomly selected

within the jurisdiction of each city. Two streets were randomly

selected from each county/district. Therefore, Qingdao city was

selected as Jimo district, Suzhou city was selected as Kunshan

city, and Guangzhou city was selected as Yuexiu district. Finally,

four communities were randomly selected from each street.

Therefore, a total of 1,380 questionnaires were collected, missing

values of key variables were excluded from the data, and 1,299

valid questionnaires were recovered. Elderly people with stroke

and hypertension were screened out, and 714 participants were

finally included (Figure 1).
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FIGURE 1

Flowchart on participant recruitment.

Impact on participation and autonomy
questionnaire

Cardol and his colleagues (28) first developed the IPA

to assess the restriction in participation and autonomy. The

Chinese version of the IPA (IPA-C) revised by He et al. (23) was

used in this study. The IPA-C comprises 25 items belonging to

four domains: autonomy indoors (seven items), social relations

(six items), family role (seven items), and autonomy outdoors

(five items). The rating of the IPA-C is on a five-point Likert

scale, with anchors at 0 (perfectly in line) to 4 (completely out of

line). A lower score on the IPA-C indicates better self-perceived

engagement and autonomy. The IPA-C has been previously

used in various populations including stroke and hypertension

patients, with reported Cronbach’s α values of each domain

between 0.81 and 0.985 (29, 30). Cronbach’s α value in this study

was 0.950.

Statistical analyses

Descriptive summary statistics were estimated for

sociodemographics, perceived participation, and autonomy.

Means and standard deviations or medians with interquartile

ranges were used for numerical variables, depending on their

symmetry. The Interpretative Structural Modeling Method

(ISM) is a method developed by Professor Warfield in 1976 to

analyze complex analytical methods. Through the ISM model,

we can obtain the multi-level hierarchical structure among

the elements of the complex system, make many staggered

elements organized and clear, and find the internal relationship

between the main elements, so as to provide a reference for

revealing the internal law of system structure and extracting

useful information (31, 32). This study used S0 to indicate the

social participation ability of community-dwelling older adults

with stroke or hypertension, and Si (i = 0, 1, ..., k) Sj to indicate

the influencing factors affecting their willingness to implement

the behavior. The elements in the adjacency matrix R can be

determined by Equation (1):

R =

{

1, Si is related to Sj

0, Si is not related to Sj
(1)

i = 0, 1, . . . . . . k; j = 0, 1, . . . . . . k (2)

The adjacency matrix of these factors can be obtained. The

adjacency matrix reflects the direct relationship between

elements, the reachability matrix reflects the indirect

relationship between elements, and the reachability matrix
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TABLE 1 Characteristics of participants and comparison of IPA scores among stroke survivors with di�erent characteristics and expected direction.

Variable N (%) Total IPA

Mean (SD) Statistics Expected direction

GenderX1 Male 321 (45.0) 58.21 (1.54) 102.32 ±

Female 393 (55.0) 58.45 (1.40)

Age X2 M(SD) NA NA 377.49∗∗ +

Marital status X3 Married 503 (70.4) 52.71 (1.18) 141.39∗∗ ±

Divorce/Widow 211 (29.6) 71.51 (1.87)

Education X4 Primary school or below 454 (64.4) 62.90 (1.38) 308.66∗ +

Middle school 135 (19.1) 49.85 (2.03)

Post-secondary or tertiary 98 (13.9) 49.89 (2.05)

Bachelor’s degree and above 18 (2.6) 54.11 (5.32)

Health insurance X5 Basic employee health insurance 209 (29.3) 54.11 (1.68) 220.00∗ +

Basic resident health insurance 412 (57.7) 59.68 (1.47)

Other 93 (13.0) 61.42 (2.72)

Living status X6 Alone 177 (24.8) 65.17 (2.02) 526.07∗∗ ±

With family 413 (82.6) 49.01 (1.23)

With caregivers 20 (2.8) 86.79 (3.98)

Others 104 (14.6) 81.25 (2.24)

Number of children X7 0 50 (7.0) 69.69 (4.23) 333.45∗ ±

1 170 (23.9) 54.96 (2.28)

2 282 (39.7) 55.96 (1.55)

≥3 809 (29.4) 61.70 (1.95)

Number of Visits X8 Everyday 244 (34.6) 46.90 (1.52) 719.62∗∗ –

One month 402 (57.0) 65.29 (1.37)

Three months 39 (5.5) 57.84 (5.06)

One year and above 20 (2.8) 59.53 (6.92)

Monthly income X9 ≤1,000 248 (35.4) 60.56 (1.76) 338.64∗ +

1,001–3,000 190 (27.1) 53.20 (2.19)

3,001–5,000 184 (26.2) 62.81 (1.94)

≥5,001 79 (11.3) 52.35 (2.59)

Chronic diseases X10 M(SD) NA NA 214.80∗ +

Smoking X11 Yes 520 (72.8) 57.21 (1.91) 94.07 –

No 194 (27.2) 58.62 (1.25)

Alcohol X12 Yes 141 (19.7) 47.11 (1.86) 105.34 –

No 573 (80.3) 60.93 (1.20)

Sleep time X13 <6 225 (31.5) 57.22 (1.76) 233.62∗ –

6–8 324 (45.4) 56.61 (1.47)

>8 165 (23.1) 62.85 (2.56)

Frequency of outings X14 Multiple times daily 306 (42.9) 38.88 (0.94) 666.09∗∗ +

Once per week or more 166 (23.3) 59.03 (1.72)

Once a month and more 68 (9.5) 75.26 (2.32)

Longer time 173 (24.3) 86.74 (1.76)

Health utility value X15 M(SD) NA NA 7,679.20∗∗ ±

In the expected impact, “+” indicates that it may be a positive impact, “–” indicates that it may be a negative impact, “±” indicates that the impact is unknown.

M, mean; N, number; SD, standard deviation.
∗Correlation is significant at 0.05 level.
∗∗Correlation is significant at 0.01 level.
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TABLE 2 Multiple linear regression analysis of perceived participation and autonomy of community homebound older adults.

Variable Model 1 Model 2 Model 3

B SE EXP(B) T B SE EXP(B) T B SE EXP(B) T

GenderX1 −0.03 0.98 −0.02 −0.86 −0.02 0.64 −0.01 −0.48 −0.02 0.96 −0.01 −0.63

Age X2 3.96 0.72 0.12 5.52∗∗ 4.67 0.75 0.14 6.21∗∗ 4.67 0.75 0.14 6.21∗∗

Marital status

X3

4.20 1.29 0.07 3.27∗∗ 4.76 1.29 0.08 3.68∗∗ 4.74 1.29 0.08 3.68∗∗

Education X4 0.18 −0.05 −0.03 −1.33 −0.06 0.12 −0.03 −1.54 −0.07 0.09 −0.04 −1.69

Health

insurance X5

0.05 0.07 0.04 2.01∗ 0.07 0.08 0.04 1.76 0.03 1.72 0.07 0.97

Living status

X6

0.04 0.90 0.05 2.13∗ 0.06 0.77 0.04 1.56 0.07 0.76 0.04 1.877

Number of

children X7

−0.09 0.84 −0.6 −2.82∗ −1.92 0.68 −0.61 2.82∗∗ −1.85 0.68 −0.06 2.73∗∗

Number of

Visits X8

0.05 0.94 0.03 1.28 0.02 0.53 0.01 0.63 0.16 0.88 0.09 0.42

Monthly

income X9

0.03 0.98 0.02 1.12 0.04 0.04 0.02 0.97 0.03 0.43 0.16 0.79

chronic

diseases X10

0.07 0.96 0.04 1.93 0.07 0.95 0.04 1.83 0.06 0.14 0.03 1.46

Smoking X11 0.03 0.99 0.02 1.01 0.03 0.52 0.01 0.65 0.21 0.97 0.11 0.55

Alcohol X12 −0.07 0.96 −0.03 −1.35 −0.06 0.94 −0.03 −1.55 −0.06 0.12 −0.03 −1.22

Sleep time X13 −0.09 0.98 −0.05 −2.33∗ −0.08 0.98 −0.04 −2.21 −1.63 0.74 −0.04 −2.21∗

Frequency of

outings X14

7.15 0.58 0.32 12.30∗∗ 6.84 0.59 0.30 11.54∗∗ 6.84 0.59 0.30 11.54∗∗

HRQoL X15 −52.74 2.44 −0.55 −21.65∗∗ −53.38 2.43 −0.56 −22.11∗∗ −53.69 2.43 −0.56 −22.11∗∗

R 0.858 0.860 0.861

F 473.342 384.158 322.793

Prob > chi2 <0.001 <0.001 <0.001

Model

predictive

accuracy

73.5% 73.7% 83.9%

β, standardized coefficients.
∗Correlation is significant at 0.05 level.
∗∗Correlation is significant at 0.01 level.

between factors can be obtained from Formula (2):

M = (R+ I)λ+1
= (R+ I)λ 6= (R+ I)λ−1

6= · · ·

6= (R+ I)2 6= (R+ I) (3)

In Formula (2), R is the original adjacency matrix, I is the

identity matrix 2 ≤ λ ≤ k. The power operation in the matrix

adopts the Boolean algorithm.

The factors contained in the top layer can be determined

according to Formulas (3) and (4):

P(Si) =
{

Sj
∣

∣mij = 1
}

,Q(Si) =
{

Sj
∣

∣mji = 1
}

(4)

L1 =

{

Sj

∣

∣

∣
P(Si)

⋂

Q(Sj) = P(Si); i = 0, 1, 2 · · · , k
}

(5)

In Formula (3),mij andmji refer to the factor of reachability

matrix M. P(Si) is the reachable set, representing the set of all

reachable factors starting from Si in the reachable matrix; Q(Si)

is the antecedent set and represents the set of all factors that can

reach factor Si in the reachable matrix.

Results

Characteristics of the participants

A total of 714 patients were participating in the study (see

Table 1) with a response rate of 85.5%. Their average age was

76.96 (SD 9.26). Most were men (55.0%), married (70.4%), and

with co-morbid diseases (69.1%). Approximately half of the
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FIGURE 2

Logical relationships of influencing factors.

FIGURE 3

Adjacency matrix.

participants (82.6%) were cared for by their families and 2.8%

of them with caregivers.

Analysis of factors influencing the IPA of
survey respondents

The analysis of the factors influencing the IPA of the survey

respondents is shown in Table 2, and the other univariate

analysis results are presented in Table 1. The total IPA was

used as the dependent variable, and the factors that were

statistically significant in the univariate analysis were used as

independent variables for multiple linear regression analysis

using the stepwisemethod. The accuracy of themodel prediction

was 73.7%, indicating that the prediction effectiveness was

good. Overall, this regression model has a sound fit, strong

explanatory power, predictive power, and high confidence in

the regression results. In the final predicted results, Age (S1),

Marital status (S2), Health insurance (S3), Living status (S4),

Number of children (S5), Chronic diseases (S6), Sleep time (S7),

Frequency of outings (S8), and Health utility value (S9), these

nine factors had significant effects on the social participation of

the respondents.

ISM regression

To further examine the logical association and hierarchical

structure among the factors, ISM was performed on the

influencing factors using MATLAB 8.0 software. In Figure 2,

H indicates that the column factors have a direct or indirect

influence on the row factors, V indicates that the row factors

have a direct or indirect influence on the column factors, and

0 indicates that there is no mutual influence between the factors.

Based on the logical relationship between the influencing

factors, the corresponding adjacency matrix R is generated

according to Equation (1) (Figure 3).

The adjacency matrix R is substituted into the software

Matlab 7.0 to calculate the reachable matrix M (Figure 4).

The reachability matrix was decomposed according to

formulas (3) and (4) to obtain the factor layers composed of

different influencing factors and to determine the hierarchical

relationships. We obtained Figure 5 in order to make the

relationship between factors more intuitive.
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According to the results of MATLAB calculations, the

nine significant factors influencing perceived participation and

autonomy are divided into three levels: the first layer includes

health insurance (S3); the second layer includes age (S1),

number of children (S5), chronic diseases (S6), sleep time (S7),

frequency of outings (S8), and health utility value (S9); and

FIGURE 4

Reachability matrix.

the third layer includes marital status (S2) and living status

(S4). Through sorting, the correlation and hierarchy among the

influencing factors of patients with stroke and hypertension

among the influencing factors of perceived participation and

autonomy, in China, are obtained as shown in Figure 5.

Discussion

Based on the data obtained by the research group and by

establishing the ISM model, this article studies the influencing

factors of perceived participation and autonomy by 714 older

adults patients with stroke and hypertension. The hierarchical

structure provides a visualization of interrelationships and

interdependences among the influencing factors of perceived

participation and autonomy. It can serve as a useful reference

for perceived participation and autonomy.

By integrating the results of the studies in Table 2 and

Figure 5, it is shown that among the influential factors affecting

patients’ perceived participation and autonomy, among them,

health insurance is the direct factor on the surface, age,

number of children, chronic diseases, sleep time, frequency of

outings, and health utility value are the intermediate indirect

factors, and marital status and living status are the deep-rooted

factors. Management priority and preventive measures should

be arranged according to the hierarchy level. The rule is that

the higher the hierarchy level, the more attention is deserved.

FIGURE 5

Interpretative structural model of influencing factors. A solid line indicates direct influence, a dashed line indicates cross-level influence, a solid

dot indicates two related influence lines, and a hollow dot indicates three or more influence relationships.
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Direct factors on the surface in L1 are the most fundamental

and important factors. Transition factors in L2 connect the root

cause layer and the direct cause layer in the system. Marital

status and living status are the direct causes.

According to an assessment of the direct factors on the

surface, the type of health insurance had a significant positive

effect on patients’ perceived participation and autonomy,

in accordance with the expected hypothesis. In the course

of disease treatment, the patient’s type of health insurance

determines the percentage of reimbursement for the cost of

the visit and was closely related to the vital interests of the

elderly. The results of the research by He et al. (33) also

indicated that there was an effect of economic status on the

perceived participation and autonomy of older adults, which

was consistent with the results of this study. The low rate of

health insurance means that poor patients are not compensated

for treatment and rehabilitation costs. This suggests that society

should pay more attention to the social participation of the low-

income elderly population and increase reimbursement rates to

ensure that patients can undergo rehabilitation (34).

According to the examination of intermediate indirect

factors, age, number of children, chronic diseases, sleep time,

frequency of outings, and health utility value were the middle-

level indirect influencing factors. Among them, age, chronic

diseases, and frequency of outings factors had a positive effect

on the dependent variable, and number of children, sleep time,

and health utility value had a negative effect. Chau et al. (35)

found age to be among the factors that had a direct effect on

participation restrictions among the Asian sample of persons

with stroke. A decline in participation was found with an elder

age, which is in accordance with Ang (36) and Gao et al.

(37) studies. As older adults age, they gradually lose control

over their mental and social resources, become increasingly

limited in their daily activities, experience an increasing amount

of events beyond their capabilities, and have a diminishing

opinion of their own abilities (38). This result is consistent

with Wang et al. (39). Older adults with chronic diseases

generally have a residual degree of physical, psychological,

and cognitive impairment and changes in family status roles,

all of which can lead to social avoidance, a reluctance to

communicate with them, less frequent outings, and reduced

social activities (40). Furthermore, Fallahpour et al. (41) results

emphasize the importance of physical function, mood state, and

access to caregiving services as predictors of participation in

everyday life after stroke and hypertension. This suggests that

families, friends, and relatives should often care for patients,

give them the opportunity to complain, provide emotional help

and support, and improve their subjective social support, which

in return improves their autonomous participation in social

life (42).

According to an assessment of deep-rooted factors, it can

be found that the root cause factors set of marital status and

living status, which are at the bottom of the system and are not

affected by other factors, can directly or indirectly affect other

factors and result within the system, which should be paid more

attention. Older adults whose spouses were alive or who lived

with their spouses or children had higher self-efficacy, lower

loneliness, and higher social participation. This result suggests

that widowhood is a serious negative life event for older adults

and can significantly affect their physical and psychological

health. Cultural differences regarding family orientation might

be one explanation since China can be regarded as being a very

family-oriented society with clear roles within the family and

distinct expectations with respect to care and support within

the family context (43), all of which shape and reflect the

social environment.

Limitations

The research has some limitations that need to be addressed

in future work. First, the current study is a cross-sectional

descriptive study, limiting its ability to make a causal argument.

A longitudinal study is needed to further investigate the

interaction between health factors and social participation.

Second, in terms of variable selection and validation, the fact that

some indicators failed the significance test does not mean that

they have no effect on perceived participation and autonomy,

and follow-up studies may consider choosing other models to

analyze the influencing factors of perceived participation and

autonomy from multiple perspectives. There are 11 provinces

in eastern China, and we only selected three provinces and

cities with representative characteristics, including Suzhou,

Guangzhou, andQingdao.More provinces and people in eastern

China will be included to increase the representativeness of

the sample in future research. Finally, we cannot rule out

confounders because of certain unmeasured parameters that

may influence social participation and level changes.

Conclusion

This study revealed the three-hierarchy structure of factors

influencing perceived participation and autonomy in patients

with stroke and hypertension, with health insurance is the direct

factors on the surface, age, number of children, chronic diseases,

sleep time, frequency of outings, and health utility value are

the intermediate indirect factors, and marital status and living

status are the deep-rooted factors. It is important that family

physicians promptly identify low levels of social participation

and implement intervention measures aimed at confronting

the factors negatively affecting perceived participation and

autonomy. Further studies are required to explore the model of

rehabilitative intervention.
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Objective: It is critical to incorporate residents’ preferences into the design of

long-term care insurance (LTCI). However, little is known about middle-aged and

elderly residents’ preferences for personalized need-related attributes of LTCI in

China. Through a discrete choice experiment (DCE), we aimed to focus on the direct

beneficiaries of LTCI and then elicit their preferences for LTCI under a hypothetical

scenario of dysfunction.

Methods: Attributes and levels were defined through a literature review and two

rounds of expert consultations (n = 8). A D-optimal fractional factorial design was

used to generate the DCE questionnaire. Face-to-face interviews with middle-aged

and elderly residents were conducted in two cities in Hubei Province, China, between

November and December 2020. A mixed logit model was utilized for estimation.

Results: Five attributes were identified and incorporated into the DCE questionnaire.

A total of 390 participants completedDCE questionnaires. Care facilities, care content,

reimbursement rate, caregivers, and annual premium per person all had a significant

impact on residents’ preferences. Residents had significantly higher preferences for

the LTCI scheme with home and community-based care centers (β = 1.40, p < 0.01),

multi-level services (β = 0.44, p < 0.01), 90% reimbursement rate (β = 0.37, p < 0.01),

and su�ciently trained caregivers (β = 0.26, p < 0.01). Individual characteristics, such

as gender, employment, and education level were the factors that drove heterogeneity

in preferences for LTCI.

Conclusion: This study provides new evidence on the preferences of middle-aged

and elderly residents for personalized need-related public LTCI features. The design

of the LTCI scheme in China needs to take these findings into account to maximize

the utility for direct beneficiaries of LTCI and enhance their enrollment.

KEYWORDS

long-term care insurance, preferences, discrete choice experiment, middle-aged and elderly,

China

Introduction

China has witnessed a sharp rise in the need for long-term care (LTC) among older adults.

Based on the 2020 national census data, there were ∼190 million people aged 65 years old and

above in China (1). The proportion of this age group is predicted to double, from 12.5% in 2020

to 27.1% in 2050 (2). The aggravation of population aging, coupled with the growing prevalence
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of chronic diseases in the elderly, has fuelled a rapid increase

in the number of disabled elderly (3). In Hubei Province, the

industrial, scientific, and educational center in central China, there

were about 0.81 million disabled older adults, accounting for around

8.4% of the population aged 60 years and over (4). In China,

the elderly with disabilities primarily seek LTC from their own

families and paid professional care facilities (5). The rapid growth

of the disabled elderly has triggered a massive need for LTC (6),

which imposes a heavy economic burden on both families and

society (7, 8). Nevertheless, the elderly with disabilities have limited

financial resources to pay for the care (9, 10), therefore, long-

term care insurance (LTCI) scheme is explored on need. LTCI is

a type of insurance that covers the cost of LTC for the disabled

elderly. It comprises both public (primarily provided by government

and society) and private (primarily provided by private insurance

companies). Given the enormous aging population and their health

rights, China’s policy is oriented to implementing the social insurance

model to develop public LTCI scheme (11). Currently, premiums for

LTCI in China are paid by individuals, government subsidies and the

health insurance fund. The expenses for the poor who can’t afford it

are covered by the Chinese government.

China is striving to build an elderly-oriented public LTCI system

by 2025 basically (12). In June 2016, the Ministry of Human

Resources and Social Security in China issued the “Guidance on

Piloting the Long-term Care Insurance.” Jingmen in Hubei Province

was one of the first LTCI pilot cities (13). In recent years, the

Chinese government has been expanding the LTCI pilot (14). Under

this trend, Wuhan, the capital city of Hubei Province, intends to

accelerate the establishment of the LTCI system (15, 16). As of 2021,

China had been piloting the public LTCI in forty-nine cities, covering

140 million people (17), which had been proven successfully in many

aspects (18, 19), but also been found several challenges. In pilot cities,

care content such as psychological comfort has been absent from the

LTC service, and the fundamental role of home and community-

based care centers has not been adequately played (20). A survey

study finds that the average bed occupancy rate of care facilities hit

64% with an almost 40% vacancy rate (21). Some studies point out

that the criterion for determining the level of treatment payment

remains to be strengthened (20, 22). In addition, due to the shortage

of trained caregivers, the LTC needs of almost 40 million disabled

elderly cannot be met effectively (6).

To address these issues, it is crucial for the LTCI scheme to

identify and incorporate residents’ preferences into its initial design

(23–26). Nevertheless, only limited preference information can be

drawn from non-experimental methods (27, 28). Stated preference

elicitation methods such as discrete choice experiment (DCE) can

be a useful tool for preference elicitation (29, 30). It has been widely

utilized in the field of health economics and policy research (31, 32).

Studies in Thailand and other countries have applied this method

to exploring individual preferences for attributes of LTCI and other

health insurances (33–37). In the field of DCE research on LTCI

in China, He et al. have focused on middle-aged adults’ needs for

the product-related attribute of private LTCI (38). Wang et al. have

explored residents’ preferences for the financial affordability-related

attribute of public LTCI (11). To the best of our knowledge, there is

no published study exploringmiddle-aged and elderly preferences for

personalized need-related attributes of public LTCI in China.

To provide new insights into studying residents’ preferences

for LTCI, our study is to elicit and quantify middle-aged and

elderly residents’ preferences for personalized need-related attributes

of LTCI using a DCE. We also assess the relative importance

(RI) that middle-aged and elderly residents place on different

attributes. The results of this study would provide evidences for

designing and enhancing the LTCI scheme for the middle-aged and

elderly residents.

Materials and methods

DCE has been used to elicit preferences for attributes of a

specific product and could be a useful tool for revealing the critical

aspects of LTCI choice decisions (39). A DCE design consists of the

following stages (40): (1) determining the key attributes and their

levels, (2) selecting the experimental design method and constructing

the choice sets, (3) developing questionnaires, pre-survey, collecting

data, (4) data entry, and (5) data analysis and interpretation.

Establishing the attributes and levels of the
DCE

To select the attributes and levels for this study, a literature review

and two rounds of expert consultations were conducted (shown

in Supplementary material). First, an initial list of attributes was

created based on existing health policy documents and literature

reviews (12–14, 27, 28, 33, 41–43). Second, eight experts (three

medical security experts, four health policy research experts, and

one health economics expert) were invited to evaluate the list. On

the basis of two rounds of experts’ revision opinions and their

ratings of the importance and feasibility of attributes, we refined each

attribute and its levels. Finally, five attributes were used to define

the key personalized need-related features of the hypothetical LTCI

schemes. According to a recommendation from an ISPOR report

(39), each attribute in this study was set to three levels. Table 1

displays the selected attributes and levels. The detailed explanations

were as follows.

The first attribute is care content, which refers to the service

types of LTC. As a previous study has indicated, rehabilitation

and emotional support have been cited as important service items

for elderly people (45). However, in pilot cities, daily life care

is provided mainly while personalized services (e.g., emotional

support) have not got much attention (46, 47). Considering

the personalized needs of the disabled elderly, three types of

services were chosen and combined to produce three gradually

extended services. In this attribute, daily life care includes living

services (e.g., dressing and washing) and instrumental services (e.g.,

cleaning and purchasing). Rehabilitation refers to health consultation

and management, medication guidance, etc. provided by trained

nursing staff. Emotional support consists of chatting, escorting,

counseling etc.

The second attribute is care facilities, which refers to LTC

institutions settings. We set three levels for this attribute. The

first level represents medical institutions that primarily provide

rehabilitative care. The second level shows welfare institutions

which dedicate to providing centralized accommodation and nursing

care. The third level refers to home and community centers

that can provide in-home care or community-based day care for

insured residents.
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TABLE 1 Attributes and levels.

Attributes Levels

Care content Daily life carea

Daily life care and rehabilitation

Daily life care, rehabilitation and emotional

support

Care facilities Rehabilitation hospitalsa

Nursing homes

Home and community-based care centers

Caregivers Basically trained caregiversa

Moderately trained caregivers

Sufficiently trained caregivers

Annual premium per person 30CNYa

60CNY

90CNY

Reimbursement rate 50%a

70%

90%

aReference level for each attribute; CNY, Chinese Yuan; the average annual exchange rate

between USD and CNY in 2020 was 1CNY = 0.155 USD (44) (International Monetary

Fund data).

The third attribute is caregivers, which indicates long-term

nursing staffs with different professional skill levels. The low care

quality and unskilled health workers were the negative predictors for

the elder to enrollment in nursing homes (29, 48). According to the

national vocational skill standards (49), we defined three attribute

levels based on the degree to which caregivers got skills training.

The next two attributes are reimbursement rate and the annual

premium per person. In DCE studies on insurance preferences of

residents, attributes on the cost were always included (35, 50–53).

The inclusion of the annual premium per person attribute allows for

the estimation of residents’ willingness to pay for improvements in

other attributes. According to Jingmen City’s financing standard (43)

and expert consultations, we set three levels for the annual premium

per person. In this study, the reimbursement rate represents the ratio

that the LTCI can cover the nursing expenses for elderly persons with

disabilities. Three levels were defined for this attribute, with 70% as

the center level (12) and 20% above and below. We use percentage

changes rather than levels because the reimbursement ratio varies

substantially in the pilot cities.

Experimental design and development of the
questionnaire

The combination of these attributes and levels (five attributes

with three levels) resulted in 243 hypothetical scenarios (35 = 243).

To maximize the efficiency and precision of the design, we generated

a D-optimal fractional factorial design using the%ChoiceEffmacro in

SAS 9.4 software (54). 18 choice sets were developed and randomized

to 2 versions of the survey, each with two alternatives, to minimize

respondent burden. Within each version, the seventh choice set was

TABLE 2 Example of the choice set.

Attributes LTCI ① LTCI ②

Care content Daily life care and

rehabilitation

Daily life care,

rehabilitation, and

emotional support

Care facilities Home and

community-based care

centers

Rehabilitation hospitals

Caregivers Moderately trained

caregivers

Basically trained caregivers

Annual premium per

person

60 CNY 30 CNY

Reimbursement rate 70% 90%

Which one do you

prefer?

© ©

duplicated to examine the internal consistency and rationality. An

example choice set is shown in Table 2. Since the whole population

of Jingmen City participated in the long-term care insurance, we

simulated this real situation in Wuhan City. Therefore, no opt-out

option was included in our study.

In addition, the questionnaire contained questions about the

demographic characteristics (e.g., gender, age, education level, and

living condition) and attitudes toward the risk of dysfunction. To

check the understandability of the DCE questionnaire, we also

conducted a pilot test comprising 20 residents selected from a

community in Wuhan and revised the questionnaire based on the

feedback from respondents. The pilot test suggested that the process

of administering the questionnaire took about 20–25min on average.

DCE implementation and data collection

Following the sample size calculation methods proposed by

Johnson and Orme (55), 84 respondents would provide adequate

power to detect the main effects. Considering that a large sample

size would facilitate heterogeneity analysis, we targeted a sample

of 400 residents aged 45 and over in Hubei Province, the typical

provincial capital in central China. Jingmen City is the first batch

of LTCI pilot cities in the country, and Wuhan City, the capital of

Hubei Province, has the potential to be the province’s next pilot city

(56, 57). Therefore, we selected these two representative cities as

experimental implementation sites. Then, the survey was conducted

in Qiaokou District of Wuhan City and Dongbao District of Jingmen

City, according to the distance of field research and the convenience

of data acquisition. Next, two communities were chosen randomly

from each district. Finally, we selected one hundred residents aged 45

years and older in each community.

Data were collected from November to December 2020 and

390 respondents completed the questionnaire. The local health

bureau assigned study coordinators specialized in health insurance

management from Wuhan City and Jingmen City to help us

recruit respondents. The study coordinators screened the residential

databases to find eligible participants. They contacted the eligible

participants in advance by phone calls or WeChat groups to

check their availability to complete the questionnaire. Before data

collection, the interviewers were given intensive and uniform training
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and were able to get respondents across the meaning of the LTCI

schemes. Residents were invited into communities to complete

the questionnaire anonymously through in-person interviews. They

were reminded of making choices under a hypothetical dysfunction

scenario (a situation when people are old, with poor physical health,

unable to take care of themselves, and have an urgent need for

long-term care). Each resident was given a gift valued about 16

CNY ($2.48) for participation. Participants were informed that

participation was voluntary and that completing the questionnaire

indicated informed consent.

Data analysis

We estimated the relative priority respondents placed on each of

the attributes using mixed logit model which is a popular method

for studying the DCE (58). Dummy coding was applied to four

attributes other than annual premium per person, which was defined

as numeric continuous variable in the mixed logit model. In our

model, expected utility U that resident i obtained from an LTCI

alternative j in the choice set t was given by:

Uijt = Vijt

(

Xijt ,β
)

+ εijt ; i = 1, . . . , 390; j = 1, 2; t = 1, . . . , 9

Where Vijt indicates the fixed term of Uijt , εijt is the error term,

Xijt is a vector of variables representing the attributes of alternative

j and β is a vector of coefficients. The mean value and standard

deviation appeared in the model estimation results. In this study,

we estimated the main effects of the mixed logit model in the

first stage, and then we estimated models with interaction terms

to assess potential differences in preferences across groups with

different sociodemographic characteristics. We calculated the RI of

each attribute by dividing the difference in utility between the lowest

and highest level of that attribute by the sum of the difference for

all attributes (59, 60). We also calculated the willingness to pay

(WTP) for the attribute levels using the estimated coefficients divided

by the coefficient of the annual premium per person. In addition,

we performed subgroup analysis to examine whether residents’

preferences differed systematically based on sampling areas and

dysfunctional risk attitudes. All analyses were performed using Stata

statistical software (V.12 SE, StataCorp). Statistical significance was

set at α = 0.05.

Results

Characteristics of respondents

Since no consensus in the literature that failing the internal

consistency test indicates irrationality (61, 62), we also analyzed

data that failed. A total of 390 residents participated in the

survey. Table 3 presents some of their characteristics, compared

to the general population. The age structure varies between the

sample and the general population. Over half or more than

the respondents were aged 65 years and over. The majority of

respondents were female (72.13%). More than 80% of respondents

lived in rural areas. The majority of respondents (almost 85%) are

married. Over 90% of respondents had at least one child. In terms

of employment, the retirees (53.08%) accounted for the highest

proportion. The vast majority of the population (99.23%) was covered

by medical insurance schemes. Half of the respondents had an

education level with middle school and below. Less than 10% of

the population lived alone. Most respondents (92.82%) lived with

spouses or children. The average monthly household income was

4,000 CNY (620.8$).

Discrete choice experiments model
estimation

Twenty five respondents did not pass the consistency test.

To verify the robustness of the results, this study excluded

the 25 respondents and then analyzed the total samples. The

results are presented in Supplementary Table 1. There was

no change in the statistical significance (α = 0.05) of the

estimated model parameters for each attribute before and

after exclusion. Therefore, we included all 390 respondents in

the analysis.

Table 4 presents the results of themixed logit model. Respondents

highly valued home and community-based care centers (β =

1.40, P < 0.01), followed by multi-level nursing services that

include daily life care, emotional support, and rehabilitation (β =

0.44, P < 0.01). The reimbursement ratio that covered 90% of

nursing expenditures was also a significant and positive predictor

(β = 0.37, P < 0.01), while premium level per person was a

significant and negative predictor (β = −0.01, P < 0.01). And

nursing homes was a significant and negative predictor (β = −0.51,

P < 0.01). Four variables, namely care content, care facilities,

caregivers, and reimbursement rate, were found to have unobservable

preference heterogeneity as indicated by the estimated SD of the

coefficients.

Based on the analysis of stated preference, our study found

that respondents would be willing to trade 154.98 CNY ($24.05)

for community-home care centers, followed by 48.61 CNY

($8.54) for multi-level nursing care that includes daily life

care, emotional support, and rehabilitation. The value for

reimbursement ratio of 90% was 41.06 CNY ($6.37) and the

value for sufficiently trained caregivers was 28.99 CNY ($4.50).

Residents had negative WTP for selecting nursing homes as

care facilities.

Preference heterogeneity

Table 5 shows the results of the preference heterogeneity analysis.

In the hypothetical dysfunction scenarios, some demographic

attributes played significant roles in decision-making: gender,

employment, education level, and average monthly household

income. The negative coefficient of the interaction between

employment and nursing homes (β = −0.42, P < 0.05) indicated

that respondents who retired or off working attached less utility to

nursing homes. Female respondents attached more utility to home

and community-based care centers compared with male residents (β

= 0.66, P < 0.01). Respondents with a higher education level valued
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TABLE 3 Respondents characteristics (n = 390).

Characteristics Sampling
residents n

(%)

The general
population in

Hubei %

Area

Wuhan City 201 (51.54) N/A

Jingmen City 189 (48.46) N/A

Region

Urban area 316 (81.03) 62.89

Suburban area 74 (18.97) 37.11

Gender

Male 108 (27.69) 34.61

Female 282 (72.31) 65.39

Age

45–65 187 (47.95) 68.37

≥65 203 (52.05) 31.63

Marital status

Married 331 (84.87) 72.72

Unmarried (e.g., never married,

divorced, and widowed)

59 (15.13) 27.28

Children

0 10 (2.56) N/A

1 205 (52.56) N/A

≥2 175 (44.87) N/A

Living condition

Live alone 28 (7.18) 10.71

Live with others (e.g., parents,

spouse, children, and siblings)

362 (92.82) 89.29

Education level

Middle school and below 197 (50.51) 60.84

High and secondary school 103 (26.41) 20.64

Junior college 52 (13.33) 9.72

Bachelor or above 38 (9.74) 8.80

Employment

Employed/working 107 (27.44) N/A

Retiree/pensioner 207 (53.08) N/A

Not working 76 (19.49) N/A

Average monthly household

income

4,000 (2,500,

6,000)

N/A

Insurance

Yes 387 (99.23) N/A

No 3 (0.77) N/A

The characteristics information of the general population in Hubei was retrieved from China

Statistical Yearbook 2020 (63).

the annual premium per person more (β = 0.01, P < 0.01). Higher

monthly household income respondents placed a higher value on the

annual premium per person (β = 0.01, P < 0.01).

Relative importance of attributes

Figure 1 illustrates the RI of the attributes. The care facility was

the most preferred LTCI attribute (50.33%) among respondents,

followed by care content (20.66%), reimbursement rate (18.02%), and

caregivers (10.99%).

Subgroup analysis

Supplementary Table 2 presents the results from the subgroup

analysis by area (Wuhan City vs. Jingmen City).While the two groups

had similar results, there were some differences worth noting. For

example, although nursing homes remained a significant negative

predictor, the coefficient for residents in Jingmen City was −0.21

(P < 0.01), not as important as for respondents in Wuhan City (β

= −0.86, P < 0.01). The expected gains in health outcomes from

the sufficiently trained caregivers seemed to be more important for

respondents in Wuhan City (β = 0.36, P < 0.01) when compared

to those in Jingmen City (β = 0.16, P < 0.05). As for the WTP for

care content, respondents from Wuhan City would be willing to pay

54.45 CNY ($8.45) more for multi-level care services than those from

Jingmen City respectively.

Supplementary Table 3 shows the subgroup analyses by

attitudes to the risk of dysfunction. The coefficient of annual

premium per person was negative significant for respondents

with neutral/pessimistic attitudes to anticipatory dysfunction,

but not for those with optimistic attitudes. The nursing home

also had negative significant coefficients for respondents with

optimistic/neutral attitudes toward anticipatory dysfunction, but

not for those with pessimistic attitudes. The coefficient of “daily life

care and rehabilitation” was positively significant for respondents

with optimistic attitudes, while those with neutral/pessimistic

attitudes were more inclined to choose service packages that include

emotional services. Respondents with optimistic attitudes would

be willing to pay 386.41 CNY ($57.18) and 476.75 CNY ($74.00)

more for community and home-based care centers than those with

neutral/pessimistic attitudes respectively.

Discussion

To our knowledge, this is one of the first studies to elicit and

quantify LTCI preferences of residents aged 45 years and over

in China. This study focused on the direct beneficiaries of LTCI

and finally identified attributes that reflected their personalized

needs. Some of our results are complementary to prior research

in which identified attributes more reflected individual’ expected

financial reimbursement from insurance (11). By eliciting preferences

for a hypothetical LTCI scheme, this study has also revealed

interesting findings that can inform China’s LTCI system reforms

within the multi-level social security framework. As the results

indicated, all the LTCI features (attributes) included in our DCE

were identified as important by respondents. The most valued

features were care facilities, followed by care content, reimbursement

rate, and caregivers. The above results held basically following

subgroup analysis testing. Individual characteristics such as gender,

employment, education level, and attitudes to the risk of dysfunction

also played crucial roles in preference decisions.
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TABLE 4 Mixed logit main-e�ect model estimates and willingness to pay (n = 390).

Attributes β SD WTP

Care content (ref: daily life care)

Daily life care and rehabilitation 0.06 0.14 6.44 (−5.96, 18.84)

Daily life care, rehabilitation and emotional support 0.44∗ 0.36∗ 48.61 (30.51, 66.71)

Care facilities (ref: rehabilitation hospitals)

Nursing homes −0.51∗ 0.96∗ −56.18 (−78.75,−33.61)

Home and community-based care centers 1.40∗ 1.59∗ 154.98 (100.38, 209.58)

Caregivers (ref: basically trained caregiver)

Moderately trained caregiver −0.02 0.05 −1.80 (−13.64, 10.03)

Sufficiently trained caregiver 0.26∗ 0.29∗ 28.99 (14.12, 43.87)

Reimbursement rate (ref: 50%)

70% 0.08 0.03 9.11 (−1.21, 19.44)

90% 0.37∗ 0.63∗ 41.06 (21.69, 60.43)

Annual premium per person (CNY) −0.01∗

Log-likelihood −1,767.58

Participants 390

Observations 7,020

β, the average preferences of the study population; SD, standard deviation; WTP, willingness to pay; Ref, reference level; ∗p < 0.01.

One interesting finding was that the care facility was ranked

as the most valued LTCI feature by residents. Residents favored

community and home-based care centers (β = 1.40, p < 0.01). This

mirrors the Chinese culture of filial piety and the cheaper cost of

home care services (64, 65). The result supported evidence from an

empirical study in Qingdao city (66) and a DCE study in northeast

China (11), which indicated that people preferred to access home

and community-based care services. However, due to the low level

of treatment payments and the lack of financial subsidies for home

caregivers, home care function is weakened (21, 67). Therefore, to

cater to the primary needs of residents, LTCI schemes should be

designed to encourage the development of home and community-

based care centers.

Care content was the second most valued LTCI feature among

residents. Residents preferred multi-level care (daily life care,

rehabilitation, and emotional support) (β = 0.44, p < 0.01). This

result was aligned with findings from previous DCE studies in

Thailand, which also reported coverage of health services as a key

factor influencing consumers’ health insurance choices (33). A prior

study suggested that LTCI in China started from covering simple

benefit packages and should consider the potential for later expansion

(11). Our findings show that LTCI schemes covered rehabilitation

and emotional care were highly valued, in line with prior evidence

(45) and further indicating possible directions for pilot expansion

of LTCI packages. The shortage of health workforce is a worldwide

problem (68). With rising care recipient disability and need for care,

the caregiver’s role becomes more labor-intensive, time-consuming,

and complex (69). In China, there is a vast gap between the supply

and demand of caregivers (6), which may affect residents’ preference

for LTCI. Our findings indicate that it is of great necessity for the

Chinese government to train and support caregivers (70) to enable

them to deliver adequate and high quality LTC services.

Reimbursement rate was the third most important LTCI feature

for residents, ranking behind care content. This finding suggested

that residents were likely to pay less attention to cost attributes, such

as reimbursement, once they were guaranteed adequate coverage

in terms of care services content. This is consistent with prior

DCE results in Ethiopia (25), suggesting that respondents were

willing to pay more for higher-benefit insurance plans. Moreover,

we observed that residents favored a higher rate of reimbursement.

This was similar to the result of a previous DCE research where

respondents prefer higher-coverage LTCI (11). Furthermore, the

result also showed that lower reimbursement negatively affected

preferences for LTCI (11). During data collecting, some residents

could not understand why they would still have to pay a portion of

the nursing costs once insured. These findings suggest that, while

deliberatively increasing reimbursement rates, it is essential to help

residents raise health insurance awareness.

Another interesting finding of our study was that moderately

trained caregivers had a significant and negative coefficient (β =

−0.02, p < 0.01), while the other two categories of caregivers

had significant and positive coefficients. This result implies that

moderately trained caregivers in LTCI service delivery may confront

embarrassing conditions. On one hand, family caregivers, though less

trained, are geographically and emotionally closer to care recipients

(71). On the other hand, those with sufficient training possess more

comprehensive skills, such as being suited to provide proportionate

amounts of emotional and instrumental support (72), and are more

equipped to deliver the long-term care older consumers prefer and

deserve (73). In general, moderately trained caregivers have no

outstanding advantages compared to other caregivers. Therefore,

there is a need for the government to invest additional resources in

training insufficiently trained caregivers to develop caregivers capable

of delivering high-quality and comprehensive LTC services.
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TABLE 5 Results of the preference heterogeneity analysis.

Attributes β 95%CI

Care content (ref: daily life care)

Daily life care and rehabilitation −0.26 (−0.78, 0.26)

Daily life care, rehabilitation and emotional

support

0.62∗∗ (0.14, 1.10)

Care facilities (ref: rehabilitation hospitals)

Nursing homes 0.14 (−0.49, 0.76)

Home and community-based care centers 0.52 (−0.39, 1.43)

Caregivers (ref: basically trained caregivers)

Moderately trained caregivers −0.11 (−0.61, 0.39)

Sufficiently trained caregivers 0.12 (−0.39, 0.63)

Reimbursement rate (ref: 50%)

70% 0.24 (−0.19, 0.68)

90% 0.27 (−0.31, 0.86)

Annual premium per person (CNY) −0.03∗∗ (−0.05,−0.02)

Interaction terms

Gender ∗ home and community-based care

centers

0.66∗∗ (0.21, 1.10)

Education level ∗ annual premium per person 0.01∗∗ (0.004, 0.012)

Employment ∗ nursing homes −0.42∗ (−0.81,−0.03)

Employment ∗ home and community-based care

centers

0.81∗∗ (0.24, 1.38)

Average monthly household income ∗ annual

premium per person

0.01∗∗ (0.003, 0.020)

Log-likelihood −1,720.70

Participants 390

Observations 7,020

β, the average preferences of the study population; CI, confidence interval; Ref, reference level;
∗p < 0.05; ∗∗p < 0.01.

FIGURE 1

Relative importance of the attributes.

The WTP calculation results revealed that residents were more

willing to pay for home and community-based care centers than

other care facilities, and were willing to avoid a nursing home

admission. This result may be due to the high availability of home

healthcare services in China lowered the willingness to accept elder

care institutions (74). This may also be an indication that nursing

home are not fulfilling their functional role, resulting in residents

deriving less utility from them. Regarding the care content, residents

preferred multi-level services rather than single services, with WTP

for multi-level services being almost eight times higher than WTP

for services lacking emotional support. This result was similar to a

prior study finding that respondents were prepared to pay eight times

more for services including social time than those including the same

amount of cleaning time (75). In terms of WTP for reimbursement

rates, residents preferred higher reimbursement rates. The reason

may be that the increase in medical insurance reimbursement rates

boosted the elderly’s WTP for home care services (76).

Apart from these, we found that preference heterogeneity existed

across residents with different individual characteristics. The retired

or unemployed, female residents were more inclined to choose home

and community-based care centers. The results may be related to

the Chinese culture that female residents are more inclined to get

emotional support from relatives to meet their affection needs (77,

78). Our study also found that residents with higher education level

attached more utility to a higher level of premium. The results are not

surprising as education level influenced the structure of knowledge

and ideology. In addition, those with more positive attitudes toward

the risk of dysfunction had higher (or lower) preference for LTCI

features. This finding highlights the necessity to cultivate awareness

of health risk prevention. Taken together, these results suggest that, to

maximize residents’ utility and enhance enrollment in LTCI schemes,

it is indispensable to consider the differences in preferences of the

elderly population with different individual characteristics.

Some limitations should be noted in this study. First, these five

key attributes in the design may not fully reflect residents’ decisions

in the real world. Decision-making on LTCI is complex. Choosing

an optimal LTCI scheme requires evaluating all programs’ benefits

and costs as well as carefully studying other key issues. Second, in

many countries (e.g., Northern Europe), LTCI is primarily funded by

tax revenues. In China, LTC’s funding comes frommultiple channels,

that is, it has diverse funding responsibility entities. Therefore, the

generalizability of this study is limited to those countries where LTCI

is financed by individual out-of-pocket, social insurance, and other

responsible subjects. Third, there are some limitations in the selection

of respondents. The establishment of the LTCI system will refer to

the way of raising medical insurance funds, and a certain proportion

of funds of LTCI may be deducted from the wages of workers. That

means workers under the age of 45, or urban and rural residents

would also have to pay for LTCI but were excluded from the study. In

addition, while the research was supported by the local health bureau,

the contact databases which were available for us to invite participants

only represent specific population groups, especially the older age

groups, registered with family doctors. Last, potential bias may exist

in our study. The high accessibility to the women and the elderly in

China may lead to differences in the gender and age structure of the

sample and the overall.

Conclusion

In this study, we attempted to examine preferences for public

LTCI by residents aged 45 years and over in China. Our results

highlighted the RI of LTCI features and WTP for each attribute

level. LTCI features regarding the care facilities, care content, and

reimbursement rate, were valued highly by middle-aged and elderly

residents. As well, middle-aged and elderly residents placed different

RI on these factors among different sociodemographic characteristics.

Developing a multi-level long-term care service system, delivering

comprehensive and high-quality LTCI services, cultivating health
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risk prevention awareness, and heightening individual awareness of

health insurance would elicit potential LTCI seeking and increase

utility among middle-aged and elderly residents. This study provides

evidences for policy making on designing and enhancing the LTCI

scheme for the middle-aged and elderly residents.
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Objective: This study aimed to investigate the knowledge status of Alzheimer’s

disease (AD) among community health service center (CHSC) sta� in Jiaxing,

China, and to compare the e�ects of online with o	ine training.

Methods: A total of 763 people from 12 community health service centers

were investigated using a self-created general situation questionnaire and the

Alzheimer’s Disease Knowledge Scale (ADKS). Among the participants, 261

people who were willing to receive training were randomly divided into two

groups according to the institution in which they worked to receive online or

o	ine training, respectively.

Results: The average ADKS score was 19.77, and the awareness rate was

65.92%; the results for every field were as follows: treatment and management

(81.32%); life impact (77.76%); disease course (75.23%); assessment and

diagnosis (68.94%); risk factors (65.05%); symptoms (57.90%); caregiving

(44.06%). Education and profession had impacts on the total ADKS scores (P

< 0.05). A total of 261 people participated in the training, and there were

significant di�erences in ADKS scores before and after training (P < 0.05).

Before the training, there was no significant di�erence in ADKS score between

the two groups; after the training, either (P > 0.05). There were significant

di�erences in the ADKS scores after training in both groups (P < 0.05).

Conclusion: Community health service center sta� in Jiaxing had limited

knowledge of AD, particularly in the “symptom” and “caregiving” dimensions.

One instance of training on AD-related knowledge to some degree helped

to improve this but still fell short of meeting the national requirements. No

significant di�erences were found between o	ine and online training e�ects.
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Background

Alzheimer’s disease (AD) is a neurodegenerative condition

characterized by progressive cognitive dysfunction and

behavioral impairment that occurs in pre-old age and old age

(1). The condition is the most common type of dementia,

accounting for about 50–70% of cases (2). There were about 47

million dementia patients worldwide in 2015; this number is

expected to rise to 131 million by 2050 (3, 4). Huang et al. (5)

reported the prevalence of dementia in the elderly aged 65 and

above in China as 5.6% (3.5–7.6%), more than 60% of which

were AD. The total direct and indirect cost of AD in China

is more than U1 trillion annually (6), signifying a significant

burden for families and society.

The focus on dementia and Alzheimer’s disease has

continued to increase in recent years. In September 2020, the

National Health Commission announced the management of

screening for Alzheimer’s disease within basic national public

healthcare services (National Health Office Disease Control

Letter, 2020, No. 726) and instituted the requirement that public

awareness rates regarding the prevention and treatment of AD in

pilot areas be increased to 80% by 2022. All relevant medical staff

in grassroots healthcare services should thus have knowledge

about the prevention and treatment of dementia.

According to the Statistical Bulletin of the Elderly

Population and Undertakings for the Aged in Zhejiang

Province,1 the elderly population aged 60 and older was

11,526,100, of which Jiaxing represented 26.68%, ranking

second in Zhejiang Province overall. Based on a conservative

estimate, there are more than 172,000 patients with AD in

this region. However, as one of the first areas in the province

to develop its aging population, cognitive disorders such as

AD have not yet been added to chronic disease management,

and there are no community screening or training programs

in place based on detecting the disease. The purpose of the

present study was thus to investigate the current knowledge

on AD among community health service center (CHSC) staff

in this region, to provide targeted training, and to evaluate

the training effect to provide a basis for further training and

government decision-making.

The ADKS is applicable to AD patients and their caregivers,

elderly people in the community, students, and medical staff

and has high reliability and validity (7). Garcia-ribas et al.

(8) explored ADKS-item characteristics using item response

theory procedures and found that although the ADKS did

not present a unidimensional structure, its independent items

together provided a comprehensive spectrum of information

regarding AD knowledge. The Chinese version of the ADKS was

translated by the team of He, who showed that it also had good

reliability and validity, and was suitable for measuring the AD

1 http://www.zchsp.cn/index.php/home/news/info.html?id=88&catId=

32

knowledge of patients and caregivers, students, and medical staff

with a Chinese cultural background (9).

Method

Sample and settings

Jiaxing includes three districts, as well as two county and

three county-level cities, each with 4–12 streets or towns. From

May to November 2020, 12 representative streets/towns were

randomly selected by stratification according to geographical

location and size. Following on, all the staff of community

health service centers in these streets/towns was selected. A

total of 860 questionnaires were returned; 97 were excluded for

being too casual in nature; e.g., their answers were all “correct”

or all “wrong,” the total time taken to complete them was

very short, and questionnaires were repeated or had illegible

handwriting. Finally, 763 valid questionnaires were collected.

Among these, 261 individuals volunteered to participate in AD-

related knowledge training and were randomly divided into an

offline (142) and an online (119) training group, based on the

institution in which they worked.

The study’s inclusion criteria were as follows: (1) staff who

had worked in community health service centers for more

than 1 month as of March 1, 2020; staff who had good

compliance, and were willing to cooperate with the investigation

and training.

The study’s exclusion criteria were as follows: (1) staff from

community health service centers who treated AD and other

neuropsychiatric diseases; (2) staff who had poor compliance

and refused to cooperate with the investigators.

All of the participants were informed about the research

purpose, agreed to participate in the study, and actively

cooperated with the investigation and training.

Survey instruments

A self-designed questionnaire for collecting general

information, including name, gender, age, institution of

employment, educational background, professional title, and

current professions years of employment, whether any previous

training related to AD had been received in the past, and

whether participants’ relatives/friends suffered from dementia

or AD.

The Alzheimer’s Disease Knowledge Scale (ADKS), which

comprises 30 true/false items, includes the following seven

dimensions: risk factors (six items), assessment and diagnosis

(four items), symptoms (four items), disease course (four items),

life impact (three items), caregiving (five items), and treatment

and management (four items). The total score ranges from 0

(worst) to 30 (best).
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Data collection and quality control

Questionnaire survey

Before and immediately after completing the training, the

self-designed questionnaire and ADKS were completed in two

ways; the offline training group filled in paper, and the online

training group completed the questionnaire digitally using a

provided link. Additionally, the online training group was

invited to evaluate and provide feedback about the training

they received. None of the participants were able to provide the

correct answers after completing the ADKS for the first time.

Training methods

The offline training group engaged in traditional learning,

i.e., by gathering in a specific area where a lecturer presented

a slide presentation and content explanations. For the

online training group, the lecturer pre-recorded the training

information and uploaded it to either the DingTalk or WeChat

platforms. The members of this group finished the training on

their own within the specified time. The content of the course

was the same for both groups and the training duration was 1 h.

Two neurology physicians were uniformly trained and

qualified prior to conducting the survey. Following on, they

conducted the questionnaire survey, and the AD-related

knowledge training, and completed the data collection. The

quality was controlled by at least one chief neurology physician.

Statistical analysis

Data were input into Microsoft Excel 2019, and the SPSS

Statistics 25.0 software program was used to conduct statistical

analysis. Quantitative data were presented in the form of

median and interquartile spacing, which did not conform

to normal distribution; a rank-sum test was conducted for

making comparisons between the groups. Qualitative data were

expressed as the number of cases (percentage), and a rank-sum

test was used for comparison between groups in this context.

The influencing factors were analyzed by multi-factor linear

regression analysis. Statistical significance was based on a P-

value of <0.05 in two-tailed tests.

Results

Participant characteristics

A total of 763 individuals from 12 community health service

centers participated in the study. Most of the participants were

female (73.0%), with an average age of 35.09 years; most had a

bachelor’s degree (71.6%), as well as junior or intermediate titles

(74.2%), and 49.0% had majored in internal medicine. Their

average employed time was 12.87 years. The majority reported

that they had never received any training on AD-related

knowledge (71.2%), and they had no relatives or friends who

suffered from dementia or AD (80.5%). The sociodemographic

characteristics of the sample are shown in Table 1.

Alzheimer’s Disease Knowledge Scale
scores

The average ADKS score of 763 staff members was 19.77,

and the awareness rate was 65.92%. The awareness rate of

each specific field (from high to low) was as follows: treatment

and management (81.32%); life impact (77.76%); disease course

(75.23%); assessment and diagnosis (68.94%); risk factors

(65.05%); symptoms (57.90%); caregiving (44.06%). The items

with the best correct rate were “People whose Alzheimer’s

disease is not yet severe can benefit from psychotherapy for

depression and anxiety” (96.20%), “A person with Alzheimer’s

disease becomes increasingly likely to fall down as the disease

gets worse” (95.54%), and “Genes can only partially account

for the development of Alzheimer’s disease” (93.97%), while the

poorest responses were “It has been scientifically proven that

mental exercise can prevent a person from getting Alzheimer’s

disease” (11.40%), “If trouble with memory and confused

thinking appears suddenly, it is likely due to Alzheimer’s disease”

(19.79%), and “Tremor or shaking of the hands or arms is a

common symptom in people with Alzheimer’s disease” (26.87%).

Additional details are shown in Supplementary Tables 1, 2.

Multivariate analysis of the Alzheimer’s
Disease Knowledge Scale scores of
community health service center sta�
and the scores in di�erent fields

1. Specific assignments of linear regression analysis are

shown in Supplementary Table 3. Following univariate linear

regression analysis (Supplementary Table 4), multivariate

linear regression analysis was conducted, based on the

inclusion of three factors, i.e., education, current profession,

and working year. The results showed that education had a

statistically significant effect on ADKS scores (b = 0.412, t

= 2.433, P = 0.015), and education was positively correlated

with ADKS scores. The influence of participants’ current

profession on ADKS scores was statistically significant (b =

−0.124, t = −2.153, P = 0.032), and the scores of physicians

were higher in this regard. The effect of employment period

on ADKS scores was not statistically significant (b=−0.017,

t = −1.629, P = 0.104). Additional details are shown in

Table 2.

2. Education, profession, gender, employment period, AD

knowledge training, and relatives/friends who had dementia

or AD were selected to construct a multivariate linear

regression analysis. The results showed that education had
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TABLE 1 Sociodemographic characteristics of the sample.

Characteristics n (%) Median (quartile
distance)

Gender

Male 206 (27.0%)

Female 557 (73.0%)

Age 34.00 (13.0)

20–29 years old 243 (31.9%)

30–39 years old 294 (38.5%)

40–49 years old 176 (23.1%)

50–59 years old 44 (5.8%)

60–69 years old 6 (0.8%)

Education

Secondary 33 (4.3%)

Vocational training 179 (23.5%)

Bachelor 546 (71.6%)

Master and above 5 (0.7%)

Professional title

Junior 358 (46.9%)

Intermediate 208 (27.3%)

Associate senior 64 (8.4%)

Senior 17 (2.2%)

Others 116 (15.2%)

Profession

Physician 374 (49.0%)

Surgeon 35 (4.6%)

Nursing 195 (25.6%)

Pharmacy 56 (7.3%)

Administration 55 (7.2%)

Support 38 (5.0%)

Technician 10 (1.3%)

Working years 11.00 (14.0)

0–10 years 313 (41.0%)

10–20 years 263 (34.5%)

20–30 years 140 (18.4%)

30–40 years 38 (5.0%)

40–50 years 6 (0.8%)

50–60 years 3 (0.4%)

Training on AD knowledge

Yes 220 (28.8%)

No 543 (71.2%)

Relatives or friends had dementia or AD

Yes 149 (19.5%)

No 614 (80.5%)

AD, Alzheimer’s disease.

statistically significant effects on “assessment and diagnosis”

(b = 0.128, t = 2.778, P = 0.006) and “caregiving” (b =

0.136, t = 2.039, P = 0.042), and education was positively

correlated with the scores above. Profession had statistically

significant effects on “risk factors” (b = −0.058, t = −2.445,

P = 0.015), and the scores of physicians were higher in this

regard. Gender had statistical significance for “risk factors”

(b = −0.183, t = −2.066, P = 0.039) and “symptoms” (b

= −0.204, t = −2.612, P = 0.009), and male participants

had higher scores in this regard. Employment period had

statistically significant effects on “risk factors” (b = −0.019,

t = −4.574, P < 0.001), “assessment and diagnosis” (b =

0.007, t = 2.650, P = 0.008), “life impact” (b = 0.011, t =

4.071, P < 0.001), and “caregiving” (b=−0.017, t =−4.164,

P < 0.001). Relatives/friends with dementia or AD had a

statistically significant impact on “symptoms” (b = −0.176,

t = −2.041, P = 0.042). Additional details are shown in

Table 2.

Comparing the two groups

In total, 261 people who were willing to receive training were

randomly divided into two groups according to the institution

in which they worked, i.e., an online (119 people) and offline

(142 people) training group, respectively. Before conducting

the training, there was no statistical difference between the

two groups in age, education, professional title, working years,

training on AD-related knowledge, or relatives/friends with

dementia or AD (P > 0.05); there were statistical differences in

gender and profession (P < 0.05). Additional details are shown

in Table 3.

The Alzheimer’s Disease Knowledge Scale
and domain scores of 261 participants

Before training, the average ADKS score of 261 staff was

20.24, with an awareness rate of 67.74%; after training, the

average ADKS score was 20.88, with an awareness rate of 69.87%.

The ADKS scores (Z = 3.903, P < 0.001), “treatment and

management” (Z = 3.498, P < 0.001), “life impact” (Z = 2.423,

P = 0.015), “assessment and diagnosis” (Z = 2.394, P = 0.017),

“risk factors” (Z = 2.497, P = 0.013), and “symptoms” (Z =

4.357, P < 0.001) aspects showed statistical differences following

training. More details are shown in Table 4.

The Alzheimer’s Disease Knowledge
Scale scores before and after training

Before training, there were no significant differences in

the ADKS scores and awareness rates between the two
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TABLE 2 Multivariate linear regression analysis.

Variate b-value b-value SE B standardized values t-value P-value

ADKS Constant 19.177 0.522 36.720 <0.001

Education 0.412 0.169 0.089 2.433 0.015

Profession −0.124 0.058 −0.077 −2.153 0.032

Working years −0.017 0.010 −0.059 −1.629 0.104

Risk factor Constant 4.746 0.343 13.841 <0.001

Profession −0.058 0.024 −0.088 −2.445 0.015

Gender −0.183 0.089 −0.075 −2.066 0.039

Working years −0.019 0.004 −0.169 −4.574 <0.001

Assessment and diagnosis Constant 2.358 0.228 10.328 <0.001

Education 0.128 0.046 0.102 2.778 0.006

Working years 0.007 0.003 0.099 2.650 0.008

Symptoms Constant 2.868 0.302 9.497 <0.001

Relatives or friends had

dementia or AD

−0.176 0.086 −0.074 −2.041 0.042

Gender −0.204 0.078 −0.096 −2.612 0.009

Life impact Constant 2.256 0.216 10.440 <0.001

Working years 0.011 0.003 0.152 4.071 <0.001

Caregiving Constant 2.030 0.331 6.136 <0.001

Education 0.136 0.067 0.074 2.039 0.042

Working years −0.017 0.004 −0.154 −4.164 <0.001

ADKS, Alzheimer’s Disease Knowledge Scale; AD, Alzheimer’s disease; SE, standard error.

p-value was based on multivariate linear regression analysis.

groups (Z = 1.422, P = 0.155). After training, there were

also no significant differences in the ADKS score and

awareness rate between the two groups (Z = 1.099, P =

0.313). There were statistical differences in ADKS scores

and awareness rates between the offline and online training

groups before and after training (Z = 2.275, P = 0.023;

Z = 3.145, P = 0.002). Additional details are shown in

Table 5.

Feedback information

A total of 111 of 119 participants of the online training

group provided feedback information, most of whom

agreed or agreed to some extent that “online training was

an acceptable form of training,” “the training generally

felt good,” “the training would be of great help to their

future work,” and “they would also be willing to take part

in online training in the future”; the above statements

accounted for 77.48, 75.68, 77.48, and 77.48% of the

respondents, respectively. Additional details are shown in

Supplementary Table 5.

Discussion

This is the first study to use ADKS to investigate the

knowledge of Alzheimer’s disease among community health

service center staff in Jiaxing, and to conduct training and

evaluate the effectiveness of the training. At present, the

consultation rate of patients with dementia in China is not high,

and most patients live in the community. In order that more

patients with dementia can be identified, diagnosed, intervened

and treated as soon as possible, the role of CHSC staff is of

great importance. Understanding the current level of AD-related

knowledge of CHSC staff in this area and their response and

effectiveness to training is a favorable reference for designing

training and formulating relevant policies in the future.

The current study survey showed that the average ADKS

score of 763 community staff members was 19.77, and the

awareness rate was only 65.92%. This was similar to the results

of studies conducted by Lin et al. (10), Wang et al. (11), and

Liu et al. (12) (with scores of 20.41 ± 2.94, 19.7 ± 3.07, and

19.60 ± 2.70, respectively) but significantly lower than the

results in research conducted by Smyth et al. (13), Alacreu et al.

(14), Zerafa and Scerri (15), and Wang et al. (16) (with scores
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TABLE 3 Sociodemographic characteristics of the two groups.

Characteristics O	ine group [n (%)] Online group [n (%)] Z-value P-value

Gender 2.956 0.003

Male 51 (35.9%) 23 (19.3%)

Female 91 (64.1%) 96 (80.7%)

Age 33.50 (18)a 34.00 (10)a 0.302 0.762

Education 1.742 0.082

Secondary 1 (0.7%) 4 (3.4%)

Vocational training 32 (22.5%) 34 (28.6%)

Bachelor 108 (76.1%) 81 (68.1%)

Master and above 1 (0.7%) 0 (0)

Professional title 1.362 0.173

Junior 60 (42.3%) 57 (47.9%)

Intermediate 36 (25.4%) 37 (31.1%)

Associate senior 21 (14.8%) 10 (8.4%)

Senior 9 (6.3%) 0 (0)

Others 16 (11.3%) 15 (12.6%)

Profession 2.160 0.031

Physician 80 (56.3%) 44 (37.0%)

Surgeon 9 (6.3%) 4 (3.4%)

Nursing 22 (15.5%) 47 (39.5%)

Pharmacy 6 (4.2%) 10 (8.4%)

Administration 12 (8.5%) 12 (10.1%)

Support 3 (2.1%) 2 (1.7%)

Technician 10 (7.0%) 0 (0)

Working years 10.00 (19.0)a 11.00 (12.0)a 0.594 0.552

Training on AD knowledge 1.827 0.068

Yes 40 (28.2%) 22 (18.5%)

No 102 (71.8%) 97 (81.5%)

Relatives or friends had dementia or AD 1.284 0.199

Yes 33 (23.2%) 20 (16.8%)

No 109 (76.8%) 99 (83.2%)

aMedian (quartile distance).

AD, Alzheimer’s disease.

p-value was based on rank-sum test.

of 26, 24.4, 21.46 ± 3.41, and 21.42 ± 2.73, respectively); it

was also lower than the public awareness rate required by the

National Health Commission. This suggests that the AD-related

knowledge of community health service center staff in Jiaxing

was poor and required urgent improvement, particularly in the

“symptoms” and “caregiving” dimensions (the percent accuracy

was lower than 60%), which is consistent with the investigative

conclusions of Liu et al. (12) andHe et al. (17). These two aspects

should thus be strengthened in the future training of AD-related

knowledge for community health service center staff.

The multivariate regression analysis conducted for this

study showed that education had an impact on ADKS

scores, “assessment and diagnosis,” and “caregiving” aspects;

additionally, a higher educational level yielded higher scores

in the above areas, which was consistent with the results of

various studies at home and abroad (17, 18). According to the
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TABLE 4 ADKS content domains and scores of 261 people.

Items Score range Before training After training Z-value P-value

Score Correct rate Score Correct rate

ADKS scores 0–30 20.00 (3) 67.74% 21.00 (2) 69.87% 3.903 <0.001

Treatment and management 0–4 3.00 (1) 83.05% 4.00 (1) 87.64% 3.498 <0.001

Life impact 0–3 2.00 (1) 78.93% 2.00 (1) 74.71% 2.423 0.015

Assessment and diagnosis 0–4 3.00 (1) 68.97% 3.00 (0) 71.84% 2.394 0.017

Risk factors 0–6 4.00 (1) 68.39% 4.00 (1) 70.88% 2.497 0.013

Symptoms 0–4 2.00 (1) 59.39% 3.00 (1) 66.67% 4.357 <0.001

Course 0–4 3.00 (1) 75.67% 3.00 (2) 77.30% 0.995 0.320

Caregiving 0–5 2.00 (1) 47.36% 2.00 (1) 46.59% 0.582 0.561

Scores are described as median (quartile distance).

ADKS, Alzheimer’s Disease Knowledge Scale.

p-value was based on rank-sum test.

TABLE 5 ADKS scores before and after training.

Group Before training After training Z-value P-value

ADKS scores ADKS scores

[Median (quartile distance)] [Median (quartile distance)]

Offline training group 21.00 (3) 21.00 (4) 2.275 0.023

Online training group 20.00 (2) 22.00 (3) 3.145 0.002

Z-value 1.422 1.099

P-value 0.155 0.313

ADKS, Alzheimer’s Disease Knowledge Scale.

p-value was based on rank-sum test.

current study survey, most community health service center staff

members in Jiaxing had a bachelor’s degree, which represented a

true reflection of the community’s educational background. The

process of learning has little to do with academic qualifications.

Community health service center service centers should call

on their staff to actively participate in training and additional

learning, which will help to improve their knowledge and skills

in all aspects. The profession aspect affected ADKS scores

and “risk factors,” and physicians had a higher score than

other professionals (such as nurses) in this regard. Several

investigations at home and abroad showed low scores for

“risk factors” (13, 14, 16, 18–20), which was also the case

in the present study. The correct rate of “risk factors” was

only 65.05%, which was much lower than the highest correct

rate for “treatment and management” (81.32%). In 2020, the

National Health Commission pointed out that community

health service centers should increase publicity and education,

improve public awareness of mental health, and enhance

residents’ understanding of prevention and treatment regarding

dementia. The staff of medical institution at all levels, offices for

the aged, institution for the elderly, and institution combining

medical and nursing care should create materials advertising

prevention and treatment, based on the characteristics of

patients and high-risk groups, thereby giving the public free

access to scientific knowledge and resources about dementia

(National Health Office Disease Control Letter, 2020, No.

726). Community health service center staff should engage in

additional studies of the risk factors of AD/dementia and other

related knowledge to be more efficient in the popularization of

scientific knowledge and their daily work.

Relatives or friends who suffered from dementia/AD had an

impact on “symptoms,” and participants whose relatives/friends

suffered from dementia or AD had higher scores. This was

consistent with a study conducted by Liu et al. (12). Relatives

or friends who suffered from dementia/AD did not affect ADKS

scores, which was consistent with the study results presented

by Alacreu et al. (14) and Amado and Scerri (21). Therefore,

staff members who had friends or relatives with dementia/AD

did not have higher ADKS scores, indicating that the ADKS

was multi-dimensional and comprehensive. Training on AD

knowledge did not affect ADKS scores and was an unanticipated

result. Except for the results presented by Zarafa and Scerri

(15), this outcome was inconsistent with other studies (13,

17, 18). Considering that previous training did not achieve

the anticipated effect, community staff may not have paid

significant attention to the training, thereby giving rise to an
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overall bad effectiveness. Or the training content may not have

been regularly strengthened, some aspects thereof had been

forgotten. The items with the poorest responses were “It has

been scientifically proven that mental exercise can prevent a

person from getting Alzheimer’s disease” (in fact, mental exercise

does help to improve the symptoms of AD, but it can’t avoid

the occurrence of AD), “If trouble with memory and confused

thinking appears suddenly, it is likely due to Alzheimer’s disease”

(we all know that AD is chronic, a sudden memory disorder

always means other acute diseases), and “Tremor or shaking

of the hands or arms is a common symptom in people with

Alzheimer’s disease” (we specialist physicians know that tremor

generally refers to Parkinson’s disease or idiopathic tremor). The

focus of present training was the clinical manifestations of AD,

related risk factors, diagnosis, treatment and prognosis, did not

include tremors or other related diseases in our department,

thus some community health service center staff might answer

wrongly. Therefore, we consider that we should further enrich

the training content in the future, involving a wider range of

knowledge, in order to better help community health service

center staff to identify patients with cognitive impairment in the

early stage. Also, the sample size should be expanded in future

studies to further verify the findings in this context.

The number of years staff members had been employed

had an impact on “risk factors,” “assessment and diagnosis,”

“life impact,” and “caregiving.” A longer period of employment

indicated higher scores in the “assessment and diagnosis” and

“life impact” categories but lower scores for “risk factors”

and “caregiving.” The period of employment was positively

correlated with age. Several foreign studies (18, 19) posited that

ADKS scores increased with age; other studies (16, 22) suggested

that ADKS scores were higher among younger individuals.

Therefore, the effects of age and employment period on ADKS

scores in every dimension require further verification.

The effect of gender on ADKS scores and all dimensions

included was not determined. This study suggests that gender

had an impact on “risk factors” and “symptoms,” and that males

had higher scores in this instance. In a study conducted by

Alacreu et al. (14), male pharmacists scored lower in the “risk

factors” but higher in “assessment and diagnosis,” while male

general practitioners scored higher in “risk factors” but lower

in “symptoms.” Studies (16, 23) suggested that gender did not

influence the above-noted scores. The majority of people in the

present study were female and, as such, some bias may have been

present; this should be verified by expanding the sample size.

According to the present study, the awareness rate of

AD knowledge among community health service center staff

in Jiaxing was much lower than the national requirements.

Therefore, targeted training is urgently needed to address this.

This study showed that the ADKS scores for “treatment and

management,” “assessment and diagnosis,” “risk factors,” and

“symptoms” among the community health service center staff

who volunteered to participate in the training had all been

improved after completing the training. The ADKS scores of

the offline and online training groups were both improved

after the training compared with those before the training,

with statistical significance. Accordingly, training indicated

obvious importance. After completing the training, however,

the awareness rate still did not meet the general requirements.

Enhancement in different dimensions was unbalanced, as such,

the role of one-time training was relatively limited. Hu et al.

(24) showed that early recognition skills training concerning

AD could improve the knowledge of doctors about the disease

in community health service centers. Additionally, intensive

training was better than conventional training and could also

improve the AD screening rate to some extent. Zhang et al.

(25) applied modular teaching and training to improve the core

competencies and nursing service satisfaction of community

support work among senior nurses. Chavda et al. (26) conducted

a study on medical students practicing in the community, and

the results also showed that the effect of modular teaching

was better compared with traditional teaching and that such

an approach should be more frequently applied to clinical

medical positions in the community. The above conclusions

have useful reference value for carrying out training on AD-

related knowledge among community health service center staff

in the future.

Traditional training occurs offline and in person, and the

place and time for its delivery are relatively fixed, and interaction

during its delivery is relatively strong. The development of the

Internet has gradually changed people’s work, study and life,

with online training has gradually entered people’s attention.

Particularly considering the outbreak of the novel coronavirus

2019, online teaching is useful for delivering training in a non-

crowded (less contagious) environment. While the time and

place in which online learning is delivered are highly selectivity,

the interaction aspect is relatively poor and lacks supervision

and management. In this study, staff members who volunteered

to take part in the training were randomly divided into two

groups (offline and online training, respectively). Due to the unit

random grouping method, there were statistically significant

differences between the two groups in terms of gender and

currentmajors before the training, which is a common drawback

of the current situation survey. Univariate linear regression

analysis showed that gender and profession had no causal

relationship with ADKS scores before and after training and,

as such, they were not considered confounding factors. There

was no significant difference in ADKS scores between the two

groups before training and, as a result, the baseline data were

comparable. There was no significant difference in ADKS scores

between the two groups after training, either, suggesting a lack

of significant difference in the training effect between the two

methods (online and offline).

An interprofessional team from the Department of Veterans

Affairs, South Central Mental Illness Research (Houston,

Texas, USA) designed the Program for Advancing Cognitive
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Disorders Education for Rural Staff to improve clinician

competency and comfort when caring for individuals with

dementia. Based on an interprofessional needs assessment,

the team created six 1-h training modules, all of which are

available for free via a network platform. A large number of

interprofessional healthcare learners, such as nurses, physicians,

psychologists, and social workers, had completed the modules

with high satisfaction rates (27). Bussotti et al. (28) also

showed that online training was comprehensive and had

strong potential.

The internet has become an important tool for learning

and teaching. Training can be carried out online in the current

pandemic environment, thereby reduce personnel gathering,

save time, and complete the training task. In the present study,

the majority of participants agreed that online training was

acceptable. Xu et al. (29) conducted pre-employment training

for new nurses using a combined online/offline method, and the

results showed that the method could improve the theoretical

skills level and satisfaction of new nurses more than using the

offline method only. In the current study, the authors only

compared the differences between offline and online training.

More appropriate and efficient training methods can be further

explored in future studies.

The study also has some limitations. Firstly, a cross-sectional

design of the present study could not determine the causal

relationships, only associations between knowledge and related

influence factors. Secondly, because of the stratified cluster

sampling in this study, some bias might be present in the sample

selection, thus the selected staff population may not reflect

community health services centers (CHSCs) in other parts of

Zhejiang Province or other parts of China when generalizing

the findings. Thirdly, in the questionnaire survey, the offline

training group completed hard copies of the survey, while the

online training group completed it digitally using a provided

link, which may have had a degree of influence. Fourthly, CHSC

staff were also not enthusiastic about participating in training

on AD knowledge. Fifthly, female participants outnumbered

their male counterparts in the study; in the grouping study,

the majority of the participants were female, which imbued the

research with some limitations.

Conclusion

1. The staff of community health service centers in Jiaxing

had a low awareness rate of AD-related knowledge, particularly

in the “symptoms” and “caregiving” dimensions. 2. Education

background and occupation are the influencing factors of

ADKS score, and those with higher education background and

physicians score more, and the years of working is not the

influencing factor of ADKS score. 3. One-time training on AD

knowledge could improve this shortcoming among community

health service center staff to some extent but still failed to meet

the national requirements. There were no obvious differences

between offline and online training.

Based on a variety of factors, offline, online, or a

combination of both can be used to carry out training in the

future; in doing so, assurances must be made that the training is

repeated and updated, which will help to strengthen the training.

This will help to improve the AD-related knowledge and skills of

grassroots healthcare staff and provide a solid foundation for the

early discovery, early diagnosis, and early treatment of AD in

the community.
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Background: In China, as population aging accelerates, senior care facilities

have gradually become a mainstream option. According to the World Health

Organization (WHO), the annual rate of falls has increased from 30 to 50% in senior

care facilities. A study found that older adults who live in senior care facilities

are three times more likely to fall than those who live in the community. The

quality of care is highly related to the occurrence of falls. Therefore, exploring paid

caregivers’ experiences is very important to prevent falls in senior care facilities.

Objective: The aim of this study was to explore paid caregivers’ experiences of fall

prevention and care in China’s senior care facilities. Furthermore, we discussed the

situation and provided suggestions.

Design: This is a phenomenological study using face-to-face, in-depth, semi-

structured interviews.

Setting: The study was conducted at four senior care facilities in Changsha,

Hunan, China.

Participants: Fourteen paid caregivers in four senior care facilities, including

nursing assistants and senior nurses, participated in this study.

Methods: A purposive sample method was used to select 14 nursing assistants

and senior nurses from four di�erent senior care facilities in Changsha from

March to April 2022. Every participant individually completed a face-to-face,

in-depth, semi-structured interview. Based on the phenomenological research

methodology, the thematic analysis method and the Colaizzi analysis method

were used for data analysis and theme extraction.

Results: Based on interview data, a total of seven themes were distilled: (1) paid

caregivers’ professional requirements; (2) paid caregivers’ attitude toward falls; (3)

paid caregivers’ fall training and education; (4) paid caregivers’ knowledge about

falls; (5) paid caregivers’ fall risk assessment; (6) paid caregivers’ fall prevention;

and (7) paid caregivers’ fall treatment.

Conclusion: In China’s senior care facilities, paid caregivers to need to be

responsible and pay appropriate attention to older adults. First, senior nurses and

nursing assistants need to enhance communication and cooperation. Second,

they must learn about deficiencies in fall risk assessment and try their best to

improve their capability. Third, they must adopt appropriate education methods

to improve fall prevention capability. Finally, the protection of privacy should be

taken seriously.

KEYWORDS

qualitative analysis, fall prevention, paid caregivers’ experiences, senior care facility,

phenomenological study
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1. Introduction

In the Global Burden of Diseases, Injuries, and Risk Factors

Study 2017, falls were identified as the second cause of death

in older adults because of accidental or unintentional injuries

worldwide, following road traffic injury (1). In addition, falls were

the most common cause of unintentional injuries among older

adults (1, 2), including non-fatal injuries such as abrasions or

contusions, and fatal injuries such as fractures or head injuries.

Although falls could occur in all age groups, age still remains the

most critical risk factor for fall-related deaths (3). The majority

of fall-related deaths occurred in people over 65 years, especially

among people over 70 years (4). It was common that older adults

were “silent fallers” who did not report falls and failed to ask for

medical care unless injured (5). The risk of recurrent falls increased

when falls were not observed and addressed. Falls, particularly

in developing countries, were a major unresolved public health

problem, which, to some extent, causes health and medical care

costs (6).

Senior care facilities are important institutions that provide life

care, health and medical care, and psychological care for older

adults. In China, as aging accelerates, senior care facilities have

gradually become a mainstream choice. According to the World

Health Organization (WHO), the annual rate of falls has increased

from 30 to 50% in senior care facilities. A study found that older

adults who live in senior care facilities are three times more likely

to fall than those who live in the community (7). Among the elderly,

more than half had at least fallen once in the past year, and nearly

30% had suffered from an injury as a result (8, 9).

In China’s senior care facilities, the care of older adults is

mostly provided by nursing assistants and senior nurses. The

quality of care is highly related to the occurrence of falls. A study

illustrated that appropriate concern showed a positive effect on fall

prevention. The concern level could be related to the characteristics

of nursing assistants and senior nurses and the atmosphere of

different facilities (10, 11). For fall prevention, almost all nursing

assistants used physical restraint frequently due to a lack of clear

prevention strategies. The related research showed that frequent

use of physical restraints can increase fall risk and even cause death

(12–14). Therefore, exploring paid caregivers’ experiences is very

important to prevent falls in senior care facilities.

In China, paid caregivers were consistently ignored by

researchers when it came to fall prevention in senior care facilities.

Based on the phenomenological study method, we would explore

paid caregivers’ experiences of fall prevention and care in senior

care facilities. By summarizing similar viewpoints, we will provide

suggestions to guide clinical care better. The findings could provide

references about fall prevention and care for senior care facilities in

the future.

2. Methods

2.1. Participants

According to the maximum differentiation principle (15, 16), a

purposive sampling method was used to select nursing assistants

and senior nurses from four different senior care facilities in

TABLE 1 Interview outline.

Number Interview outline

1 How old are you? What is your current career? How

many years in the career? What was your previous job?

What is your highest education?

2 Which factors do you think increase the risk of falls

among older adults in senior care facilities?

3 Which is fall risk assessment tool currently used in your

facility? What do you think about the effectiveness of

this tool? What are the remaining problems?

4 Do you currently make regular fall assessments for

older adults in your facility? What are the assessment

projects? In order to prevent falls in older adults, what

measures can be taken?

5 Is fall prevention education available at your facility?

And what have you learned about fall prevention?

6 Can you provide older adults with fall prevention

education? Can you tell me what educational content is

involved?

7 In your facility, has a fall management system been

implemented? What regulations are involved?

8 Please recall the process of recent fall of the older adult

(including fall occurrence, handling, reflection and so

on).

Changsha from March to April of 2022. All four senior care

facilities were integrated eldercare services with medical care. Two

public institutions were located in urban and rural areas, and

the others were private institutions including one specializing in

rehabilitation and one in cognitive disorders. Inclusion criteria are

as follows: (1) working as a paid caregiver in a senior care facility,

(2) at least 2 years of care experience in a senior care facility,

and (3) informed consent and willingness to participate in this

study. Exclusion criteria are as follows: (1) not working for more

than 1 month and (2) unfinished interviews. The sample size was

based on information saturation, which meant the content of the

interviews was repeated and data analysis did not produce any

new themes.

2.2. Study design

2.2.1. Study instruments
According to the study’s purpose, a semi-structured interview

outline was developed in discussion with researchers and two

geriatric nursing specialists, based on the extensive literature

analysis. Pre-interviews were conducted with two interviewees

who met the criteria, and the expression of the questions was

adjusted based on the results of the pre-interviews. Finally,

the interview outline was developed (Table 1). Based on the

phenomenological research methodology, first, we asked about

the current situation. Then we attempted to explore experiences

linked to the environment. Based on the interviewees’ responses,

appropriate follow-up questions could be asked. Certainly, we also

selected the appropriate time to investigate the environment and

management of each senior care facility.
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2.2.2. Data collection
After obtaining the cooperating facility’s consent and learning

about its characteristics, according to inclusion and exclusion

criteria, we would select interviewees (nursing assistants and senior

nurses). Based on the phenomenological research methodology,

every interviewee completed a face-to-face, in-depth, semi-

structured interview. When we did not make offline interviews

due to limited conditions, telephone or web video interviews were

implemented. First, we introduced the study to interviewees. After

obtaining consent, the interviewer and interviewee all determined

the time. The environment of the interview was quiet, such as

the meeting room. Second, the interviewees were required to sign

an informed consent form before the interview. Every interview

lasted about 15–20min. The interview contents were audio-

recorded. Finally, the interviewers listened carefully and observed

the expressions and attitudinal changes of the interviewees during

the interview. Interviewers made appropriate expressions and

kept a non-judgmental attitude. If there were any unclear points,

we needed further follow-up questions. The study followed the

principles of voluntariness, confidentiality, and respect. Interview

recordings were numbered and anonymous.

2.2.3. Data analysis
Interview recordings were transcribed to the text within 24–

48 h after the interviews were completed. We checked the interview

notes and returned them to the interviewee for clarifications and

verifications of unclear content to ensure accuracy. NVivo11.0

plus qualitative analysis software was used to analyze data. We

chose the thematic analysis method (17) based on the Colaizzi

analysis (18): (1) familiarizing Data; (2) generating initial codes;

(3) formulating meanings; (4) clustering themes; (5) developing

an exhaustive description; (6) producing the report/manuscript;

and (7) verifying themes. Two researchers collected and analyzed

data. Data were summarized, encoded, generalized, and extracted

to classify different themes. When in a dispute, other researchers

should make a discussion until the conclusion was approved.

According to phenomenological research, we would summarize

different themes and analyze the current situation under each

theme. Finally, we would discuss viewpoints in the conclusion.

2.2.4. Ethics
This study was approved by the Xiangya Nursing School

of Central South University (Ethical number: E202206). During

the study, interviewers followed the informed consent principles

and respected the privacy and rights of interviewees. At the

beginning of the individual interview, all interviewees provided

written and verbal informed consent. We would interpret the study

purpose, interview questions, transcription procedures, data use,

and anonymization. Interviewees could withdraw from the study

at any time.

2.2.5. Credibility
Before an interview, we used the purposive sample method

to select interviewees based on the principle of maximum

differentiation. The interviewees were all front-line caregivers.

They were willing to participate and free to speak in the

interviews. During the interview, the interviewers listened carefully

and observed the expressions and attitudinal changes of the

interviewees. Interviewers should not interrupt a conversation

deliberately. If there were any unclear points, we asked further

follow-up questions. After the interview, interview recordings were

transcribed to text and checked within 24–48 h. Researchers

attempted to minimize personal bias in the coding and

interpretation of data. Researchers only focused on text for

theme extraction.

3. Results

3.1. Interviewee characteristics

A total of 14 caregivers were interviewed from four senior care

facilities. There are 10 nursing assistants and four senior nurses,

who are all women. The age range of paid caregivers was 23–56

years. The number of years worked was between 2 and 12 years

(Table 2).

3.2. Content analysis

Through the summary and analysis of the interview data, a

total of seven themes were distilled. These themes were described

and interpreted.

3.2.1. Paid caregivers’ professional status
3.2.1.1. Unclear responsibilities

“China Professional Skills Standard for Nursing

Assistants(2019)” claimed that the work mainly includes daily

care, basic nursing, rehabilitation services, psychological care,

care assessment, quality management, and training guidance.

Nevertheless, most senior care facilities were unable to meet these

requirements, and most nursing assistants only provided daily

care. N1: “The main work is to provide daily care for older adults.”

N4: “Daily care! This is my duty.” N9: “A major part of my job

consists of caring for older adults on a daily care.”

Nursing assistants often did not think that their work was

relevant to medical-related work. As a consequence, the work of

senior nurses was also focused onmedical-related nursing and daily

care. N1: “Nurses and doctors will make a Careful assessment and

examination for older adults.” N13: “I am mainly concerned about

older adults’ daily life. Others I do less.” In addition to the heavy

workload, in senior care facilities, there were few senior nurses,

and their roles were unclear, resulting in unclear responsibilities

between senior nurses and nursing assistants. N5: “As a nurse, I

always check everything.” N6: “Every older adult is cared by senior

nurses and nursing assistants within 24h.”

3.2.1.2. Overlapping work

Caregiver care ability played a relevant role in older adults’

fall prevention (19–21). It was difficult to provide appropriate

care and services for nursing assistants because they could not

receive sufficient information. Therefore, nursing assistants would
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TABLE 2 The characteristics of caregivers in a senior care facility.

Number Age Gender Career Working year Education Working experience Facility

N1 50 Female Nursing assistant 9 Primary school Nursing assistant in hospital ①

N2 52 Female Nursing assistant 3 Middle school Home caregiver ①

N3 52 Female Nursing assistant 4 Primary school Home caregiver ①

N4 53 Female Nursing assistant 5 Primary school Unemployed ①

N5 23 Female Senior nurse 2 Junior college Fresh Graduates ①

N6 33 Female Senior nurse 4 University Nurse in hospital ②

N7 40 Female Senior nurse 4 University Nurse in hospital ②

N8 47 Female Nursing assistant 3 High school Waitress ③

N9 56 Female Nursing assistant 12 Middle school Unemployed ②

N10 40 Female Nursing assistant 11 Junior college Worker ③

N11 37 Female Senior nurse 12 University Nurse in hospital ③

N12 52 Female Nursing assistant 6 Primary school Waitress ④

N13 55 Female Nursing assistant 5 Primary school Home caregiver ④

N14 49 Female Nursing assistant 3 Middle school Salesman ④

①, a private senior care facility in cognitive disorder; ②, a private senior care facility in rehabilitation; ③, a rural public senior care facility; ④, a urban public senior care facility.

observe older adults all the time and prevent them from falling. A

comparable amount of human resources would also be wasted on

senior nurses who observed irregularly to ensure the effectiveness

of fall prevention. N5: “As a nurse, basically I have to go to every

floor...... Usually, we need to check whether pants are too long,

whether shoes are well worn, whether the floor is tidy, and whether

the fall prevention settings are in good condition. Meantime, we

should clean up regularly.” N6: “Essentially, every older person is

cared for by a nursing assistant who is a 24-hour caregiver, along

with doctors and nurses.”

3.2.2. Paid caregivers’ attitude toward falls
3.2.2.1. High level of attention

Falls are very important security incidents in senior care

facilities. In daily care, they should pay high attention to the

activities and movements of older adults. As part of their daily care,

they were fully aware of the physical status of older adults, and they

were able to integrate fall prevention throughout their daily care

and assisted them with activities of daily living. N4: “I very care

about falling. . . . . . I pay attention to any activities of older adults

all the time.” N11: “Paid caregivers must pay more attention to his

condition and be aware of any changes. It is our duty to make sure

older adults know they are taken care of.”

3.2.2.2. Responsibility

Paid caregivers believed the responsibility was highly related

to the falls of older adults. Paid caregivers with a strong sense of

responsibility would be more aware of their responsibilities in daily

care and paymore attention to their status. N8: “We need to be clear

about the duty.With a strong sense of responsibility, paid caregivers

are more attentive to the daily routine of older adults in their daily

care.” N12: “Themost important thing is the sense of responsibility!

If you couldn’t have it, you wouldn’t take good care of older adults.”

3.2.2.3. Keep their eyes open at all times

Fall occurrence is often instantaneous. Paid caregivers need to

keep their eyes open at all times. N9: “Keep my eyes on him at all

times!” While neglect occurs, older people are at a high risk of falls.

N11: “Sometimes a careless caregiver always thinks that older adults

will not fall. For example, she may leave when older adult is going

to the toilet, and then there are risks in this case.”

During this study, all paid caregivers paid attention to the

situation of each older adult in daily life, especially those who were

at high risk of falling, such as those with impaired cognitive ability

and balance deficits. Paid caregivers will focus more on them all

the time. N2: “It is mainly to be deeply concerned for him! If he is

at high risk of falls, when he wants to do something, we all need

take notice every time.” N5: “If the dementia level is more severe,

you should pay more attention to him. For example, when he is

moving around, then you should observe if he has a walking stick,

and notice if he walks steadily. When he is not in a good condition,

you can help him to rest.”

3.2.3. Paid caregivers’ fall training and education
3.2.3.1. Insu�cient training for caregivers

Although paid caregivers lacked fall knowledge, sufficient

training had not been provided. The training forms were mostly

lectures, which were held in the morning meeting irregularly.

Paid caregivers did not take fall-related knowledge seriously.

N6: “We didn’t be systematic learning regularly.” N8: “Training

mainly requires us to observe them frequently. . . . . . anyway, there

is nothing special.” N9: “I barely take part in training. I can’t learn

anything from it.”

3.2.3.2. Lack of education for older adults

If older adults could acquire fall-related knowledge, they could

notice and prevent falls more effectively. However, paid caregivers
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could not provide enough fall education for them. The form

was mainly a poster that they need to read by themselves, and

paid caregivers could remind them irregularly. N9: “It’s main a

poster.” N6: “We merely particularly organize the training for

them. We often remind them to be careful.” N11: “Paid caregivers

occasionally remind older adults to be careful.” Some older

adults in senior care facilities have different degrees of dementia.

Reminding or educating cannot guarantee prevention effects. N2:

“There is not much education for older adults because they have

decreased cognitive abilities and don’t understand these.” N14:

“Many older adults suffer from dementia, whichmakes it difficult to

communicate with them. It is difficult for paid caregivers to prevent

falls by reminding only.”

3.2.3.3. Less e�ective oral education

In terms of fall prevention, there was a greater reliance on

paid caregivers. Because of their limited capacity, the prevention

method was mainly to remind older adults through oral education.

N10: “We are always asked for more attention and more reminders

for them.” However, some older adults with a high level of

self-confidence ignore such reminders, especially those who walk

unsteadily. N11: “You just tell him once or twice. He may ignore it.

So you have to keep reminding him constantly.” N12: “Especially

older adults who walk unsteadily could ignore you. Your reminder

didn’t work. When you talk with him just now, he may not leave.

Once you leave, he will go somewhere.”

3.2.4. Paid caregivers’ knowledge about falls
3.2.4.1. Knowledge further enhanced

During the interviews with each paid caregiver, it was

concluded that paid caregivers were mostly not confident in

their knowledge about falls through their answers, actions, and

expressions. N4: “I haven’t learned about relevant knowledge

(Whisper). . . . . .Observe the look, right? Observe his condition,

right? If he could move, observe mobility, right? (Look at the

interviewer with a lower voice.)”. N8: “You can ask a little.

(Embarrassed smile)”. N14: “We are not well educated.”

Paid caregivers were gradually more aware that it was easy for

older adults to fall who suffer from multiple chronic illnesses and

took multiple medications, but they did not know the relevant

details. N3: “It might have an effect on falls about medication.” N7:

“There are some older adults who take long-term medication, and

part medication effects might cause falls.”

Some paid caregivers thought that some falls were

unpredictable, so they usually tended to take measures to

limit the high-risk activities for older adults. N9: “Older adults are

mainly in the limited area for activities.” N13: “If it is easy to fall

for an older adult, we will restrain him.”

3.2.4.2. Rich experience

Although the paid caregivers’ knowledge of fall risk and

prevention was poor, their rich experience led them to better

results in daily care. Therefore, the caregiving experience played an

important role in preventing falls among older adults in senior care

facilities. N8: “I just rely on my own experience.” N12: “We have

lower education. I only have more observations to prevent falls. For

so many years, older adults who I take care of barely fall!”

Paid caregivers did not have a knowledge system of fall risk and

fall prevention. In daily care, caregivers were often influenced by

previous experience. N3: “Sometimes when old adults get up in the

morning, and they feel dizzied and unstable walking, it is easy to

fall.” N5: “There is water on the ground. Older adults could slip

and fall with a greater risk. Then obstacles are the same.” N6: “The

older he gets, the higher his fall risk is.”

Paid caregivers took the older adults’ living environment

seriously. They thought the environment was closely relevant

to the occurrence of falls. They would try their best to ensure

environmental safety. N1: “Toilets and bathrooms are equipped

with anti-slip mats and handrails.” N3: “The bed should be adjusted

very low before going to bed (Be convenience for older adults.).”

Paid caregivers found that psychological and social conditions

correlated with their falls. N2: “Between two older adults, they

conflict with others, sometimes pushing each other, and when we

are not in time, he could fall.” N6: “There are also psychological

factors, such as irritable temper.” N12: “When he is upset, he will

also walk around, and he is also prone to fall.”

3.2.5. Paid caregivers’ fall risk assessment
3.2.5.1. No uniform standards

There were no uniform standards for fall risk assessment and

no uniform requirement for assessment frequency in each senior

care facility. N5: “Generally Morse Fall Scale (MFS) is evaluated

once every two weeks, and other related tools are reevaluated once

every twomonths.” N11: “In our facility, we use theMorse Fall Scale

(MFS). Generally, each older adult is evaluated at admission, every

3 months, and again if there is a change.” And also there is a lack

of fall risk assessment tools in senior care facilities. N9: “We don’t

have any fall assessment tools. We just observe by ourselves.”

In senior care facilities, the senior nurses made fall risk

assessments, and the nursing assistants were not required to

do it. N4: “That’s a nurse’s work, and I rarely do that. . . . . . It’s

hard for me to understand those assessments.” N10: “It’s nurses’

work, not ours.” In daily care, nursing assistants evaluated fall

risks mainly through care experience and did not care about fall

assessment results. N2: “I just don’t remember those assessment

details. I mainly observed them.” N12: “I don’t know clearly about

assessment results generally. I care for older adults by experience.

For example, when older adults go to the toilet, we must company

with them. We cannot leave until he finishes and helps them back.”

3.2.5.2. Inadequate assessment

Many older adults required long-term multiple medications

(22). It was found that paid caregivers would make notes about

times, doses, and types of medications. They would remind

older adults to take their medications on time. N2: “We have

collected some information on times and types of medications,

and we will check the medications by this information.” Although

paid caregivers understood the relationship between medication

and falls, there was an apparent lack of medication factors for

assessment and prevention (23). N3: “Sometimes older adults are

dizziness after medication. It could be observed.” N5: “There is also

a medication factor. . . . . . I only know taking antihypertensive drugs

makes older adults dizzy.”
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In addition, the psychological assessment was mostly evaluated

based on paid caregivers’ experience. N7: “Psychological factors,

such as the awareness of fall or fear of fall, are difficult to

evaluate. . . . . . overconfident older adults often think that you don’t

need to worry about them.” There was a lack of professional

psychological assessment tools. N6: “There is no specific tool

to assess psychological factor. It is basically based on our own

judgment. (Embarrassed smile)”. In addition, there was a lack of a

comprehensive approach to caring for older adults with emotional

problems, and most paid caregivers just took to them. N4: “An

older adult always breaks things every night and I will communicate

so little every day that he feels quiet and comfortable.”

Now, it was based more on paid caregivers’ observations about

the assessment of balance and gait for older adults in senior care

facilities, which was not standard and precise enough. There was

a lack of professional staff and assessment tools. N7: “I think it

(the nurse’s assessment) may not be too precise in the assessment

of gait and balance. We just observe the walk situation.” N11:

“The assessment of gait relies mainly on our own observations

simply. . . . . .without a further professional assessment.”

Paid caregivers also think that it was difficult to prevent falls in

some special conditions. N8: “I can’t control falls, and I can’t bind

older adults to me!” Observations were still essential to learn about

the life habits of older adults, especially toileting and bathing, which

were common causes of falls in senior care facilities. N3: “But some

things are difficult to evaluate. That is to say, sometimes he goes to

the toilet on his own. It is easy to slip and fall.”

3.2.6. Paid caregivers’ fall prevention
3.2.6.1. Daily care

At present, life care was the main work in senior care facilities,

which was mainly provided by nursing assistants. Paid caregivers

often combined fall prevention with their daily care. N1: “Fall

prevention is often about the three-time points. From 5 to 7 a.m.

in the morning, older adults are easy to fall. From 12 to 14 p.m.,

older adults will take a bath. It is easy to fall. From 17 to 19 p.m. in

the evening, is the time when older adults go to bed. They are also

prone to fall.” N9: “Mymain work is to take care of older adults and

how to prevent falls in daily care.”

In daily care, paid caregivers believed that the appropriateness

of dress is related to falls. They often observed whether the pants

were too long and whether the shoes have the right fit. N1: “The

first thing is suitable clothes, where the pants can’t be too long, and

non-slip shoes are the right size.” They remind families to prepare

non-slip shoes for older adults. N3: “We will explain to families to

buy non-slip shoes and check the suitability of shoes.”

3.2.6.2. Older adults’ feeling

Many older adults who just moved into senior care facilities

are unaccustomed and uncomfortable at first (24), which was one

of the causes of falls, and even some might be violent and cause

others to fall. N2: “Between two older adults, they conflict with

others, sometimes pushing each other, and when we are not in

time, he could fall.” In daily care, paid caregivers often observed

the emotional changes of older adults and noticed more. N3:

“Whenever another older adult is near his room, he gets angry......

Sometimes he is in a bad mood, so we keep an eye on him.”

3.2.7. Paid caregivers’ fall treatment
3.2.7.1. Comprehensive post-fall treatment

Post-fall treatment was taken very seriously in senior care

facilities. Paid caregivers often learned how to address falls. First

of all, paid caregivers were required to check the condition. When

the condition was unknown, they forbade picking up older adults.

Second, they need to call nurses and doctors to check again. If an

older adult was not serious, they should take the older adult to rest

in bed and pay attention to the changes within 24 h. If not, older

adults should seek medical treatment in time. N1: “When an older

adult falls, we are the first to check him and ask him where the

pain is. Immediately we will inform nurses and doctors. They will

make a detailed assessment. If the assessment result is good, we will

take him to rest. If not, doctors need to observe whether he has

a fracture or something and decide whether it is necessary to the

hospital.” Finally, they will reflect too carefully on the fall condition

to avoid such incidents. N5: “If an older adult falls, we will watch

and analyze a fall video and then find the causes of the fall.” N7:

“After the fall, our department makes a reflection to analyze some

causes and summarize some experiences.”

In senior care facilities, most nursing assistants first found

falls. Due to their lack of knowledge, they only accompanied

and comforted older adults to prevent them from secondary

injuries. N4: “We will comfort older adults and prevent them from

secondary injuries.” N14: “After the fall, we will comfort older

adults. Let them not be anxious and stressed.”

4. Conclusion

4.1. Communication and cooperation

There is a lack of caregivers in China’s senior care facilities.

In addition, the number of nursing assistants is larger than

senior nurses. Several studies have shown that care quality was

significantly affected by caregiver level, and falls were associated

with the number and structure of the caregivers (25–27). An

appropriate level of caregivers could decrease the rate of falls.

In senior care facilities, senior nursesmake a fall risk assessment

but nursing assistants prevent falls in daily care. Due to poor

communication, nursing assistants only do their own work, despite

the critical information known only by the senior nurses. In

addition to the background of human resource shortages, it leads

to an increased burden and wasted labor force.

Therefore, managers should make regulations to enhance

cooperation. For fall prevention, paid caregivers should

communicate with each other to complement work. In the

future, we need to explore the number and level of paid caregivers

in senior care facilities. Meantime, methods to balance the structure

of paid caregivers might be a worthy exploring topic in the future.

4.2. Importance of responsibility

In senior care facilities, daily care is very busy and trivial work.

Especially for the life quality of older adults, the details often

determine success or failure. Fall prevention among older adults is

Frontiers in PublicHealth 06 frontiersin.org98

https://doi.org/10.3389/fpubh.2023.973827
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Luo et al. 10.3389/fpubh.2023.973827

reflected in all aspects of daily care. Therefore, the responsibility

sense of paid caregivers is particularly unique.

Falls are common among older adults. Most falls in older

adults were preventable andmanageable (28). According to content

analysis, responsible paid caregivers had a strong belief in fall

prevention and believed they could protect effectively older adults

from falls. But it was found that some paid caregivers wanted to

attribute the cause to an accident, and they also thought their

work was too busy to keep an eye on older adults all the time.

Paid caregivers could unintentionally ascribe accountability for

personal actions to others. Especially senior nurses were primarily

responsible for medical services and nursing assistants were mainly

responsible for daily care. It was, therefore, essential for paid

caregivers to escape the cycle of diffused responsibility (29, 30).

Senior-centered services are gradually becoming more

important as humanistic literacy improves. The sense of paid

caregivers’ responsibility is closely related to the level of care

quality. If paid caregivers are careless, older adults are at high risk

for falls. As a result, responsible paid caregivers will pay attention to

the smallest details so that they can protect older adults from falls.

The managers should figure out how to strengthen responsibility

and enhance belief.

4.3. Appropriateness of attention on falls

In this study, we found that paid caregivers need to observe

constantly for fall prevention. They had to check fall-related

details comprehensively such as length of pants, suitability of

shoes, conditions of daily activities, and so on, but non-systematic

observation could easily lead to neglect, and a substantial workload

leads more or less to ignoring affairs that cause falls for older

adults. After an older adult fell, paid caregivers need to pay

more attention to him for at least 24 h, which increased the

care burden and ignore others to some extent. This, therefore,

led to a vicious circle for paid caregivers. Finally, they had to

choose the use of physical restraints. A few pieces of research

showed that frequent use of physical restraints could increase

fall risk and even cause death (12–14). Several studies found

that even though paid caregivers acknowledged the potentially

serious consequences of the use of physical restraint, they still

chose to use restraint to ensure older adults’ safety, complete

other work, prevent harm to self, and reduce the risk of

liability (31–33).

In short, appropriate attention would ask paid caregivers

to know what details of older adults need to be noticed.

They do not worry too much about the frequent use

of physical restraints. Furthermore, we need a uniform

fall prevention regulation to guide paid caregivers. The

regulation could make paid caregivers prevent falls clearly

and systematically.

4.4. Enhanced fall education

Sufficient training had not been provided for paid caregivers.

Training forms were mainly lectures, which were held mostly

in the morning meeting. Because paid caregivers, especially

nursing assistants, had not acquired systematic knowledge of

geriatric care, they had difficulties in improving care quality

through existing training forms. In this study, we found that

nursing assistants evaluated fall risks only through care experience

and integrated fall prevention with life care. Paid caregivers

were often trained on how to address post-fall by situation

simulation, which led to good results. It was shown that nursing

assistants could learn about fall risk and prevention through

situations and experiences. Therefore, it might be worthwhile to

explore and apply the situational simulation method further as a

teaching method.

In China’s senior care facilities, there are no effective fall

education methods for older adults commonly. Only through

posters and paid caregivers’ reminders, it could not be effective.

Many older adults even ignore reminders and reject care, and it

could bring about combative or physically aggressive behaviors

if caregivers persisted in providing the rejected care despite

patient refusal (34). Some older adults had different degrees

of dementia which was a strong risk factor for falls that the

paid caregiver’s core competence would be required at a higher

level (35).

4.5. Improvements in fall risk assessment
capability

In China’s senior care facilities, fall risk assessment is

mostly undertaken by senior nurses, and the number of senior

nurses in senior care facilities is small at present. In daily

care, most nursing assistants were not required to make a

fall risk assessment. They tend to assess fall risk through

care experience.

According to an analysis, that phenomenon is caused by

the following three main reasons: (1) Nursing assistants merely

systematically acquire knowledge of geriatric nursing, and their

working experience is barely related to geriatric care; (2) MFS

is the most commonly used assessment tool in four senior

care facilities. Because it is primarily used in hospitals, it is

controversial about the value of assessing fall risk for older

adults in senior care facilities (36). It was, however, recognized

that the MFS did not screen for accidental and unanticipated

physiologic falls because these were unpredictable events (37,

38). Nursing assistants could observe to prevent accidental and

unanticipated physiologic falls. There was, therefore, a lack of

fall risk assessment tools for nursing assistants. (3) In most

cases, there was a lack of communication between senior nurses

and nursing assistants. When senior nurses finished the fall

risk assessment, they did not explain fall risk factors in detail,

and they only informed nursing assistants about whether older

adults were at high risk. Moreover, nursing assistants also

did not analyze assessment items and results. As a result,

nursing assistants have difficulties in targeting fall prevention by

uniform standards.

However, managers should be fully aware of the distribution

and cooperation among paid caregivers. Especially, regulation

needs to be made for the cooperation of fall prevention. In the
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future, a unique tool for nursing assistants should be developed.

When nursing assistants use an appropriate assessment tool, they

find risk factors and make measures precisely.

4.6. Protection of privacy

All the time, the protection of privacy is ignored in daily care.

Because paid caregivers are afraid of fall accidents, they keep their

eyes on older adults to prevent falls including toileting and bathing.

When an older adult goes to the toilet or bath, paid caregivers

stand at the door and even accompany them inward. A spy to

observe could make older adults uncomfortable within 24 h. In

some situations, they even restrict activities and interactions.

A study shows that Chinese older adults valued psychological

and social privacy more, and less emphasis was placed on

physical and informational privacy (39). In the study, older adults

experienced a lack of privacy in physical exposure and personal

care (40). Quality of care is not only safety but also humanistic

care. Especially, paid caregivers are mostly women. The older men

feel uncomfortable and shy in intimate interactions. Paid caregivers

cannot only finish work and ignore other needs but also need to

protect privacy.

5. Significance and limitations

This study aimed to explore the common experience of

different senior care facilities. The purposive sample method

was adapted to select interviewees based on the principle of

maximum differentiation. We collected viewpoints from different

perspectives. In the study, there were no male caregivers in four

facilities. We only explored female caregivers’ experiences. But in

real life, women are the main caregivers in senior care facilities.

The results are still representative. Finally, the facilities are all

from Changsha, and in the future, we could compare caregivers’

experiences from other cities.
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Service Center of Minhang District, Shanghai, China, 6Center for Disease Control and Prevention of
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Background: To compare whether the general population, especially those

without characteristic symptoms, need spirometry screening for chronic

obstructive pulmonary disease (COPD).

Methods: Residents aged > 40 years old in Minhang, Shanghai, China, filled out

screening questionnaires and underwent spirometry. The structured questionnaire

integrating COPD population screening and COPD screening questionnaire

was designed to obtain data on demographic characteristics, risk factors of

COPD, respiratory symptoms, lifestyle habits, and comorbidities. We assessed

the correlations between variables and COPD and the impact factors of

FEV1% predicted.

Results: A total of 1,147 residents were included with a newly diagnosed mild

to moderate COPD prevalence of 9.4% (108/1,147); half of the patients (54/108)

were asymptomatic. Multivariate analysis did not reveal any significant di�erences

in symptoms or lifestyle factors between newly diagnosed COPD patients and

non-COPD participants. However, according to the generalized linear model,

older age (β = −0.062, p < 0.001), male sex (β = −0.031, p = 0.047), and

respiratory symptoms (β = −0.025, p = 0.013) were associated with more severe

airflow limitation.

Conclusion: Newly diagnosed COPD patients had few di�erences compared with

the general population, which suggests that a targeted case finding strategy other

than general screening was currently preferred. More attention should be paid to

respiratory symptoms when making a diagnosis and exploring new therapies and

interventions for COPD in the early stage.

KEYWORDS

chronic obstructive pulmonary disease, spirometry, screening, asymptomatic, general

population
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1. Introduction

Chronic Obstructive Pulmonary Disease (COPD) is a common

chronic respiratory disease (1), which represents a serious public

health challenge due to its increasing prevalence and related

disability and mortality affecting individuals worldwide (2).

The China Pulmonary Health (CPH) study, a national survey

conducted in 2018 and comprising adults aged > 20 years from 10

provinces, revealed that the overall prevalence in adults aged > 20

and >40 years old was 8.6 and 13.7%, respectively (2). The Global

Burden of Diseases Study (GBD), which was conducted in 2017 and

included 195 countries, reported 3.2 million deaths due to COPD,

classifying COPD as the seventh leading cause of years of life lost

(YLLs) (3, 4).

Early detection, diagnosis, and intervention should be the

main approaches to the prevention of COPD (5). Global Initiative

for Chronic Obstructive Lung Disease (GOLD) Committee

recommends that anyone with characteristic symptoms, such as

dyspnea, chronic cough, and sputum production or a history of

long-term exposure to risk factors, with especial emphasis on

individuals aged > 40 years old, should undergo COPD screening

(1). GOLD 2022 indicates that a forced expiratory volume in the

first second to forced vital capacity (FEV1/FVC) ratio of <0.70

based on post-bronchodilator spirometry confirmed the presence

of persistent airflow limitation. In fact, this is the current diagnostic

criterion (1). However, screening spirometry in the general

population is somewhat controversial. In 2022, the US Preventive

Services Task Force (USPSTF) argued that there is still no evidence

that screening for COPD in asymptomatic patients positively affects

the health-related quality of life (6, 7). Given the lack of experienced

spirometry examiners, the confusion related to diagnosis criterion,

and the low utilization of bronchodilators before the screening,

many spirometry procedures failed tomeet the guidelines, resulting

in serious underdiagnoses and misdiagnoses of COPD (8, 9).

Moreover, false-positive reports due to improper operation might

have adverse consequences, such as unreasonable anxiety and/or

depression (10).

In order to compare whether the general population, especially

those without characteristic symptoms, need spirometry screening,

we conducted a screening of residents aged > 40 years old in

Minhang District, Shanghai (China) by using a questionnaire and

spirometry, which were then analyzed to assess the differences

in demographic characteristics, symptoms, lifestyles, and disease

comorbidities between non-COPD residents and newly diagnosed

mild to moderate COPD patients.

Abbreviations: COPD, chronic obstructive pulmonary disease; FEV1%

predicted, forced expiratory volume in 1 s percentage of predicted;

FEV1/FVC, a forced expiratory volume in the first second to forced

vital capacity ratio; GOLD, global initiative for chronic obstructive lung

disease; COPD-PS, COPD population screening; COPD-SQ, COPD screening

questionnaire; BMI, body mass index; mMRC, modified medical research

council; PSQI scores, Pittsburgh sleep quality index scores; OR, odds ratio;

CI, confidence interval; SD, standard deviation; IQR, interquartile range;

CPH, China pulmonary health; GBD, global burden of diseases; USPSTF, US

preventive services task force; YLLs, years of life lost.

2. Materials and methods

2.1. Participants

From November 2019 to August 2020, participants in

Minhang District, Shanghai, China, were selected based on the

following inclusion criteria: (1) resided in Jiangchuan, Maqiao,

or Wujing Town for more than 10 years; (2) aged ≥ 40 years

old; (3) signed informed consent. Individuals were excluded if

they: (1) had relative contraindications in Standardization of

Spirometry 2019 Update (11); (2) could not understand the

questionnaire or cooperate with spirometry. Besides, previously

diagnosed COPD patients or those with COPD in GOLD stage

3 or 4 based on the current screening were excluded from

the analysis.

The study was evaluated and approved by the Ethics Committee

of Shanghai Fifth people’s Hospital (2018 Ethics Approval No.

130). All participants signed informed consent, and all personal

information was de-identified before further analysis.

2.2. Questionnaire investigation

A structured questionnaire was designed by integrating the

commonly used screening scales, such as COPD population

screening (COPD-PS) and COPD screening questionnaire

(COPD-SQ) (12–14). The following information was collected:

(1)demographic characteristics, including sex, age, education, etc.;

(2) risk factors of COPD, including smoking, body mass index

(BMI), family history of respiratory disease, etc.; (3) respiratory

symptoms including chronic cough (chough lasting 3 months

for 2 consecutive years), dyspnea, phlegm, limited activities,

and the modified Medical Research Council (mMRC) scale

were included for assessment of symptoms; (4) lifestyle habits

including smoking, biomass smoke exposure, and sleep quality

[sleep quality was categorized by Pittsburgh sleep quality index

(PSQI) scores and insomnia defined as a global score of >5

(15)]; (5) comorbidities including asthma, tuberculosis, diabetes,

and similar.

Interviewers were respiratory physicians from Shanghai Fifth

People’s Hospital or general practitioners of Minhang Community

Health Service Center, who received unified training and passed an

assessment before the investigation.

2.3. Spirometry test

Trained operators conducted spirometry by using

MicroQuark-PONY FX spirometers, Spirometry was performed

following the procedures recommended by Standardization

of Spirometry 2019 Update (11). Environment and volume

calibration were undertaken every day, and linear calibration

was undertaken once a week. Each participant’s age, height, and

weight were recorded before spirometry. If FEV1/FVC < 0.7,

400 ug Salbutamol Sulfate Aerosol (Ventolin) was used to dilate

bronchus in the short term, and spirometry was done after 15min.

According to 2022 GOLD, the fixed FEV1/FVC ratio was used
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FIGURE 1

Study flow chart.

to diagnose COPD, and the classification of airflow limitation

severity was based on FEV1%predicted (FEV1%pred): GOLD stage

1 (mild COPD) corresponding to FEV1 ≥ 80% pred, GOLD stage

2 (moderate COPD) corresponding to FEV1 50–80% pred (1).

2.4. Statistical analysis

SPSS v.23.0 (IBM) was used for statistical analysis, and

figures were drawn by OriginPro v.2022. Continuous variables

were categorized and reported as frequency (n) or rate (%)

along with other categorical variables. Categorical variables

were compared between COPD and non-COPD participants

by using the Chi-square test. Other categorical variables were

compared by Fisher’s exact test. Sleep latency and PSQI scores

were reported as medians and compared by a non-parametric

test due to non-normal distribution. Multivariate logistic

regression analysis was performed to evaluate correlations

between COPD and other variables. Odds ratios (OR) and 95%

confidence intervals (95%CI) were estimated. The variables

that were common risk factors for COPD and whose p-value

< 0.2 in univariate analysis were entered. The generalized

linear mode was performed to assess impact factors of

FEV1%pred. A two-tailed p-value of <0.05 was considered

statistically significant.

3. Results

3.1. Demographic characteristics

A total of 1,197 participants completed the questionnaire and

spirometry test. The prevalence of COPD in 1,197 participants

was 12.9% (154/1,197), and the self-reported prevalence was

10.4% (16/154). Four participants with unqualified spirometry

tests, 16 previously diagnosed COPD patients, and 30 patients

in GOLD stage 3 or 4 were excluded, resulting in 1,147

participants in the current analysis. The detailed process is shown

in Figure 1.

Among 1,147 participants, there were 479 (41.8%) males

and 66 8 (58.2%) females. The mean age of participants was

67.5 (SD: 9.7), and those aged ≥ 60 accounted for 80.8%. One

hundred eight (9.4%) participants were newly diagnosed as mild

to moderate COPD patients based on the GOLD spirometric

criteria, with the corresponding prevalence of 13.8% (66/479) in

males and 6.3% (42/668) in females (P < 0.001). Among newly

diagnosed patients, the proportion of mild COPD patients was

38.9% (42/108) and moderate COPD patients 61.1% (66/108). The

demographic characteristics of all participants are summarized in

Table 1. As compared with non-COPDparticipants, COPD patients

were more likely to be males and older. However, there were

no significant differences in BMI, education, and family history
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TABLE 1 Demographic characteristics of 1,147 participants with/without

COPD.

Total Non-
COPD

Mild to
moderate
COPD

P–value

N (%) 1,147 (100.0) 1,039

(90.6)

108 (9.4)

Sex <0.001

Male 479 (41.8) 413 (86.2) 66 (13.8)

Female 668 (58.2) 626 (93.7) 42 (6.3)

Age <0.001

40–59 220 (19.2) 212 (96.4) 8 (3.6)

60–69 459 (40.0) 419 (91.3) 40 (8.7)

≥70 468 (40.8) 408 (87.2) 60 (12.8)

BMI 0.567

<18.5 50 (4.4) 45 (90.0) 5 (10.0)

18.5–23.9 557 (48.6) 503 (90.3) 54 (9.7)

24–27.9 446 (38.9) 402 (90.1) 44 (9.9)

≥28 94 (8.2) 89 (94.7) 5 (5.3)

Education 0.294

Never 125 (10.9) 116 (92.8) 9 (7.2)

<9 years 775 (67.6) 694 (89.7) 81 (10.3)

≥9 years 247 (21.5) 229 (92.4) 18 (7.6)

Family

history of

respiratory

diseases

0.792

Yes 119 (10.4) 107 (89.9) 12 (11.2)

No 1,028 (89.6) 932 (90.7) 96 (9.3)

of respiratory diseases between the two groups (all P > 0.05)

(Table 1).

3.2. Respiratory symptoms of participants
with/without COPD

As shown in Table 2, in mild to moderate COPD patients,

only 7.4% (8/108) had a chronic cough lasting 3 months for

2 consecutive years; 10.2% (11/108) coughed up phlegm; 36.1%

(39/108) suffered from shortness of breath; 18.5% (20/108)

experienced activity limitation because of respiratory problems.

According to mMRC, only 10.2% (11/108) of patients reported

walking slower than other people of the same age or needed

to stop to take a breath after walking 100 yards. Overall, there

were 34.3% (37/108) of patients with one of the 4 kinds of

symptoms mentioned above and 15.7% of patients (17/108)

with two or more symptoms. Nevertheless, there were 54

asymptomatic patients, accounting for half of the total patients.

Newly diagnosed COPD patients and non-COPD participants had

no significant difference in common symptoms of COPD, including

TABLE 2 Respiratory symptoms of 1,147 participants.

Total Non-COPD Mild to
moderate
COPD

P-value

Chronic

cough

0.762

Yes 77 (6.7) 69 (6.6) 8 (7.4)

No 1,070 (93.3) 970 (93.4) 100 (92.6)

Dyspnea 0.502

Yes 381 (33.2) 342 (32.9) 39 (36.1)

No 766 (66.8) 697 (67.1) 69 (63.9)

Phlegm 0.217

Yes 162 (14.1) 151 (14.5) 11 (10.2)

No 985 (85.9) 888 (85.5) 97 (89.8)

Limited

activity

0.537

Yes 243 (21.2) 223 (21.5) 20 (18.5)

No 904 (78.8) 816 (78.5) 88 (81.5)

mMRC

scores

0.588

0 851 (74.2) 774 (74.5) 77 (71.3)

1 171 (14.9) 151 (14.5) 20 (18.5)

2 73 (6.4) 66 (6.4) 7 (6.5)

3 37 (3.2) 33 (3.2) 4 (3.7)

4 15 (1.3) 15 (1.54) 0

cough, expectoration, shortness of breath, and activity limitation

(P > 0.05).

3.3. Living behaviors of participants
with/without COPD

A total of 165 (14.4%) participants smoked over 30 pack-

years, and the prevalence of mild to moderate COPD in this

population was 15.8%, which was higher than that in the

total participants. The prevalence in current smokers (18.0%)

was also higher than that in those who never smoked (6.9%)

or in former smokers (10.5%). Three hundred eighty-four

(33.5%) participants reported being exposed to dust in the

workplace. The median time for sleep latency for all participants

was 15min. The median sleep efficiency for COPD patients

was 91%, which was similar with non-patients. According to

PSQI scores, 28.7% (31/108) patients had poor sleep quality.

Univariate analysis showed that COPD patients had better

sleep quality than other participants. There were no significant

differences in occupational dust exposure, biofuel exposure, sleep

latency, and sleep efficiency between the two groups (all P >

0.05) (Table 3).
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TABLE 3 Living behaviors of 1,147 of participants with/without COPD.

Total Non-COPD Mild to moderate
COPD

P-value

Smoking pack-years <0.001

Never smoke 806 (70.3) 750 (93.1) 56 (6.9)

<30 (pack-years) 176 (15.3) 150 (85.2) 26 (14.8)

≥30 (pack-years) 165 (14.4) 139 (84.2) 26 (15.8)

Smoking status <0.001

Never smoker 806 (70.3) 750 (93.1) 56 (6.9)

Former smoker 124 (10.8) 111 (89.5) 13 (10.5)

Current smoker 217 (18.9) 178 (82.0) 39 (18.0)

Cooking 0.602

Yes 842 (73.4) 765 (90.9) 77 (9.1)

No 305 (26.6) 274 (89.8) 31 (10.2)

Use coal or firewood 0.187

Yes 507 (44.2) 453 (89.3) 54 (10.7)

No 640 (55.8) 586 (91.6) 54 (8.4)

Occupational dust 0.187

Yes 384 (33.5) 354 (34.1) 30 (27.8)

No 763 (66.5) 685 (65.9) 78 (72.2)

Sleep latency 15 (10,30) 15 (10,30) 15 (5.25, 30) 0.386

Sleep efficiency 0.89 (0.75, 1.00) 0.89 (0.75, 1.00) 0.91 (0.78, 1.00) 0.134

PSQI scores 5 (3,7) 5 (3,8) 4 (3,6) 0.027

Sleep quality 0.008

Good 681 (59.4) 604 (88.7) 77 (11.3)

Poor 466 (40.6) 435 (93.3) 31 (6.7)

3.4. Disease comorbidities of participants
with/without COPD

A total of 25.1% of participants were with at least one

comorbidity. As compared with non-COPD participants, there

were no significant differences in disease comorbidities and the

number of comorbidities in COPD patients (Table 4).

3.5. Multivariable analysis on influencing
factors of COPD

In the multivariable logistic model (Table 5), among all

potential risk factors, only older age, male sex, and good sleep

quality were significantly associated with COPD prevalence.

3.6. Comparison of lung function

Figure 2 shows lung function in different groups. Generally,

participants with respiratory symptoms had lower FEV1%pred

than asymptomatic participants in COPD and non-COPD groups.

However, the value of FEV1/FVC was comparable between

symptomatic and asymptomatic participants. According to the

commonly used screening scale, FEV1/FVC and FEV1%pre did not

significantly differ between participants who scored ≥16 or <16 in

either group.

The generalized linear model showed that FEV1%pred was

correlated with older age (β = −0.062, p < 0.001), male sex (β

= −0.031, p = 0.047) and respiratory symptoms (β = −0.025,

p = 0.013) (Table 6). Sex, smoking, biomass exposure, BMI, and

questionnaire score were not associated with FEV1%pred.

4. Discussion

COPD is largely underestimated and underdiagnosed, where

newly diagnosed patients mainly appear with mild to moderate

disease (16). In the current study, only one-tenth of COPD patients

had been previously diagnosed with COPD, and more than three-

fourths of newly diagnosed COPD were mild to moderate patients.

About half of these mild to moderate patients were asymptomatic,

which might be related to the high missed diagnosis rate, since it

is difficult to detect mild symptoms, especially when they do not

interfere with daily life (17). Asymptomatic COPD is a universal

Frontiers in PublicHealth 05 frontiersin.org106

https://doi.org/10.3389/fpubh.2023.1102509
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Yin et al. 10.3389/fpubh.2023.1102509

TABLE 4 Disease comorbidities of participants with/without COPD.

Total Non-
COPD

Mild to
moderate
COPD

P-value

Asthma 0.606

Yes 45 (3.9) 40 (88.9) 5 (11.1)

No 1,102 (96.1) 999 (90.7) 103 (9.3)

Tuberculosis 0.286

Yes 43 (3.7) 37 (86.0) 6 (14.0)

No 1,104 (96.3) 1,002

(90.8)

102 (9.2)

Lung cancer 0.670

Yes 17 (1.5) 15 (88.2) 2 (11.8)

No 1,130 (98.5) 1,024

(90.6)

106 (9.4)

Diabetes 0.290

Yes 163 (14.2) 144 (88.3) 19 (11.7)

No 984 (85.8) 895 (91.0) 89 (9.0)

Stroke 0.598

Yes 66 (5.8) 61 (92.4) 5 (7.6)

No 1,081 (94.2) 978 (90.5) 103 (9.5)

Number of

comorbidities

0.383

0 859 (74.9) 784 (91.3) 75 (8.7)

1 251 (21.9) 221 (88.0) 30 (27.8)

2 31 (2.7) 29 (93.5) 2 (6.5)

≥3 6 (0.6) 5 (83.3) 1 (16.7)

Asthma, tuberculosis, and lung cancer used Fisher’s exact test.

occurrence among patients. For example, among 5,000 people

included in the Third National Health and Nutrition Examination

Survey in the US, 70% of those with undiagnosed COPD denied

having cough or phlegm (18). According to COPD surveillance of

Chinese residents in 2014–2015, 66.5% of 9,120 COPD patients had

no respiratory symptoms (19).

Our multivariate analysis revealed no significant differences in

symptoms and lifestyle factors between newly diagnosed COPD

patients and non-COPD participants, which is consistent with

some other studies. A study of 678 people in Sousse reported

no significant differences in education, family history of COPD,

chronic cough and phlegm, dyspnea, and diabetes between newly

diagnosed COPD patients and non-COPD participants; however,

COPD patients had lower BMI (20). Another study, which included

1,332 participants from the Canadian Cohort of Obstructive Lung

Disease (CanCOLD) Study, reported no significant differences

in mild-to-moderate cough and phlegm, sex, and numbers of

comorbidities (21).

In the present study, older age, male sex, and sleep

quality were significantly associated with newly diagnosed

COPD, which are the emphasized questions in commonly

used COPD screening scales. However, according to

TABLE 5 Multivariable-adjusted odds ratios for COPD.

OR 95%CI

Age

40–59 1.00

60–69 2.47 (1.13,5.41)

≥70 3.85 (1.80,8.25)

Sex

Female 1.00

Male 2.16 (1.43,3.26)

Sleep quality

Good 1.00

Poor 0.58 (0.37,0.90)

Adjusted variables: age, sex, sleep quality, smoking pack-years, occupational dust exposure,

coal or firewood use, and education level.

screening questionnaire scores, lung function did not

significantly differ. Remarkably, symptomatic participants

had worse lung function than asymptomatic participants,

which indicated that symptoms other than sex and BMI

had an important role in lung function. Similarly, a Swiss

study, which included the general population, showed that

individuals with cough, phlegm, or dyspnea had worse lung

function (22).

The WHO definition of screening advocates that screening

should be performed for common and treatable diseases with

clear natural history. COPD is a widely recognized complex and

heterogeneous disease (23). Spirometry is currently considered the

gold standard for COPD screening due to its high sensitivity,

specificity, and reproducibility (24). Yet, the fixed cut-off of

FEV1/FVC commonly leads to over diagnosis of the elderly

because of a faster decline in FEV1 than in FVC that occurs

with age (25). In addition to an acceptable and effective screening

method, an economic balance between the cost of identifying

a case and acquired benefits is also essential. First, the price

of a spirometer is high and cannot be afforded by most

primary care clinicians (26). Moreover, it is further aggravated

by the cost of post-bronchodilator spirometry and the training

of physicians. Considering the huge population base in China,

the cost of screening would be overwhelming. Besides, not all

mild COPD patients progress to a more severe stage (27) and

these people were at increased risks of anxiety and depression

(28). A previous study revealed that some patients do not

care to assess undiagnosed, especially asymptomatic diseases.

GOLD notes no evidence that early spirometry screening of

asymptomatic patients effectively improves COPD management

or prognosis (7, 29, 30). Also, to date, the only known

intervention to alter the natural history of COPD is smoking

cessation. Only smoking cessation, oxygen therapy, and lung

volume reduction surgery were beneficial in decreasing mortality

(10, 31). Moreover, true-positive early diagnoses and false-

positive reports can lead to irrational anxiety and depression

(10). It is also important to consider potential treatment harms
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FIGURE 2

Lung function in di�erent groups. (A–D) presented the mean 1 SD and 1.5IQR of lung function. (A, B) aboutFEV1%pred and FEV1/FVC grouped by

symptoms, respectively. (C, D) about FEV1%pred and FEV1/FVC grouped by screening questionnaire scores.

like pneumonia and decreased bone density with LABAs and

corticosteroids (32).

The current situation concerning COPD screening is that

physicians often pay low attention to respiratory symptoms,

while some commonly used COPD screening questionnaires

mainly focus on risk factors whilst ignoring symptoms (12, 14).

Accordingly, the purpose of COPD screening should be seriously

revised, including taking sex into account (33), it should be used to

help undiagnosed patients with respiratory symptoms obtain early

diagnosis rather than extensively screen the general population

(34). Mild airflow restriction is not easily detected, especially

by those individuals whose lifestyle does not include exercise.

In addition, some patients attribute the symptoms as a normal

consequence of old age or smoking, i.e., most patients who state

being asymptomatic are actually symptomatic; however, they fail

to recognize the symptoms (20). Therefore, physicians should pay

more attention to respiratory symptoms and avoid the “don’t ask,

don’t tell” strategies (34).

This is a large-scale study based on a community population.

All participants were screened by trained physicians and post-

bronchodilator spirometry, which strictly complied with the 2014

guidelines for pulmonary function examination. The study also

has some limitations. Using fixed FEV1/FVC as a diagnostic

criterion may result in over diagnosis of the elderly (35). Besides,

the questionnaire was designed mainly for COPD screening.

Therefore, only a few comorbidities were included and did

not include hypertension which is a common chronic disease.

And the comorbidities were self-reported. Therefore, it would

underestimate the prevalence of comorbidities in COPD patients

(36, 37). Additionally, the cross-sectional study cannot assess long-

term outcomes due to its nature.

5. Conclusion

Newly diagnosed COPD patients in a community-based setting

showed few differences from the general population, suggesting
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TABLE 6 A generalized linear model of FEV1%pred.

β P-value 95%CI

Age

40–59 0

60–69 −0.025 0.076 (−0.052,−0.003)

≥70 −0.062 <0.001 (−0.090, 0.035)

Sex

Female 0

Male −0.031 0.047 (−0.061,−0.000)

Symptoms

No 0

Yes −0.025 0.013 (−0.045, 0.005)

Smoking

Never smoke 0

<30 (pack-years) −0.019 0.349 (−0.059, 0.021)

≥30 (pack-years) −0.021 0.256 (−0.056, 0.015)

Occupational dust

No 0

Yes −0.016 0.125 (−0.005, 0.037)

a targeted case finding strategy could be more beneficial than

general screening. In addition, more attention should be paid to

respiratory symptoms, developing more symptom-based screening

tools, and exploring new therapies and interventions for COPD in

the early stage.
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Non-human and human service
e�ciency of long-term care
facilities in China
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Xiamen University, Xiamen, China, 2School of Economics, Xiamen University, Xiamen, China

Introduction: Care services provided by long-term care facilities (LTCFs) are

currently plagued by care resource shortages and insu�cient utilization. The

analysis on the temporal and spatial distribution of human resources and non-

human resources in LTCFs, could provide a basis to optimize resource allocation

and e�cient use of limited resources.

Methods: This study used data envelopment analysis to comprehensively evaluate

the e�ciency of human and non-human resources in di�erent time spans and

regions. The spatial Markov chain and spatial correlation were also applied to

explore the heterogeneity of and correlation between the service e�ciency of

LTCFs in di�erent regions and then analyzes the influencing factors of e�ciency

using Tobit regression model.

Results: The quantitative changes in the service e�ciency of LTCFs in various

provinces showed a “W” shape in two periods, ranging from 0.8 to 1.6. The

overall e�ciency of LTCFs in di�erent regions had a lower probability to achieve

short-term cross-stage development. Non-human resource e�ciency presented

a “cluster” distribution mode, demonstrating a great probability to achieve cross-

stage development, which might be due to the regional disparities of economic

development and land resource. Tobit regression analysis results also showed

that the comprehensive e�ciency of LTCFs decreases by 0.210 for every square

increase in construction space variation. However, human resource e�ciency

had a significant spatial polarization, making it di�cult to develop area linkages.

The reason for this might be the nursing sta� have relatively stable regional

characteristics, weakening the inter-provincial spatial connection. We also found

that female workers, aged between 35 and 45 can positively a�ect the e�ciency

of LTCFs. Those sta� stay focused and improve their skills, which might improve

the e�ciency of LTCFs. So improving technology and service quality changes

by increasing female workers, aged between 35 and 45, and avoiding excessive

construction space changes can enhance the growth of service quality and

personnel stability of LTCFs.

Conclusion: There is an urgent trade-o� among sta� quality improvement,

resource reduction, construction excessive and substantial regional variation

in e�ciency. Therefore, strengthening policy support to encourage inter-

regional initiatives, particularly highlighting the development of human resources

interaction and common development is urgent.

KEYWORDS

data envelopment analysis, spatial Markov chain, service e�ciency, long-term care

facilities, non-human and human e�ciency
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Introduction

The increasing life expectancy and declining fertility rate have

led to a surge in the proportion of the older population, posing a

severe global challenge of deep aging (1). Specifically, in China, the

total number of people aged 60 years and above reached 264.02

million, accounting for 18.7% of the entire population in 2020,

while the proportion is still rising, exceeding that of most EU

countries (2, 3). A report in 2017 showed that there were about

40.63 million older adult people with disability in the country

(4), and it is projected that 68 million older people in China will

experience various degrees of disabilities in China by 2030, and

approximately 18.6% of these people may require assistance for

daily living activities (5). On the contrary, according to the first

National Seminar on Intelligent Eldercare Strategy in 2012, the

proportion of empty nesters will reach 54% by 2050 (6), which

broke the traditional Chinese way to support families (7). As

the family-oriented care function for older adults is constantly

weakening, the demand for equitable and efficient long-term

care facilities (LTCFs) will continue to increase (8). The Chinese

government established 163,800 LTCFs with 3.928 million beds

by the end of January 2019 (9). Total beds account for 3% of

the country’s older population. However, developed countries can

reach 5–7%, namely, the number of beds required should be at

least 12.45 million (10). In addition, only 300,000 registered long-

term care workers cannot meet the care needs of 40 million older

people with disabilities (8, 11). The increasing demand for human

and non-human care services makes the service supply of LTCFs

obviously insufficient (12).

There also existed weak quality regulation and insufficient

utilization of efficiency of LTCFs, resulting in the current situation

of care resource waste and imbalance development of LTCFs. For

example, in the “Research Report on the Development of China’s

LTCFs,” it was highlighted that approximately 257 LTCFs in 12

interviewed cities, including Tianjin, Harbin, Jinan, and Wuhan;

among those, about 32.5% were in the deficit of income (13).

In addition, the deaths from the 2019 novel coronavirus disease

(COVID-19) are heavily skewed toward older individuals (14). A

report referred that the epidemics of COVID-19 has caused a 20%

loss of revenue and a 30% increase in operating costs for long-

term care facilities (LTCFs) (11). Furthermore, surveys showed that

the phenomenon of “one bed is hard to find” in public LTCFs

and “more than half of the beds are vacant” in private LTCFs is

becoming increasingly obvious (15, 16). Even though 63% of older

people who need eldercare are waiting for LTCFs, there still exist

54% of the beds in private institutions are vacant (17). Some of

the LTCFs might be too expensive for older adults to afford. The

other LTCFs have lower prices, but due to poor service quality,

insufficient resources, and facilities, vacancy is also apparent (18).

These presented the imbalance in the utilization of care resources

Abbreviations: LTCFs, long-term care facilities; TE, technical e�ciency; DEA,

data envelopment analysis; BCC model, Banker-Charnes-Cooper model;

SBMmodel, Slacks-Based Measure model; PTE, pure technical e�ciency; SE,

scale e�ciency; TFPC, total factor productivity changes; LTCFs, long-term

care facilities; TC, technological changes; PTEC, pure technical e�ciency

changes.

by different types of LTCFs, and most institutions have far lower

efficiency than their projected level, thus they cannot meet the

needs of older adults (19). Therefore, how to further improve the

service quality of LTCFs, reasonably allocate human and non-

human service resources, increase their input-output benefits,

improve service efficiency, and realize the sustainable development

of LTCFs has become a concern and urgent problem to be solved

by government departments.

With the deepening of the research on the service quality of

LTCFs, foreign scholars began to paymore attention to the problem

of inputs and outputs of LTCFs at the same time. A sample survey

was conducted in nursing homes in certain areas of Finland, Italy,

Japan, and Norway, which investigated the relative efficiency and

influencing factors, based on explorations on the application of the

data envelopment analysis (DEA) method and regression model

(20–23). DEA was defined as an advantageous non-parametric

technique for evaluating performance in terms of relative efficiency

and can deal with multiple inputs and outputs (24). Also, it does

not need to set an artificial weight coefficient (25). In addition,

the DEA has no direct relationship with the dimensions of input

and output indicators, and when it comes to service quality and

cost-effectiveness, it does not need to calculate the health status

and standard cost of service individuals, which applies to various

situations with data limitation (26).

Although most of the studies in developed countries on the

service efficiency of LTCFs are relatively complete, their research

approaches and results may not apply to China due to different

levels of development. There still exist amounts of shortcomings in

the studies related to the efficiency of China’s LTCFs. For example,

scholars focused only on theoretical study for institutional planning

of LTCFs, including the exploration of institution building and

service standards, service contents, and service personnel. Some

conducted a theoretical and analytical study for institutional

planning of LTCFs in a certain province or city (27), being short

of quantitative studies, which cannot provide a scientific basis for

promoting the overall healthy development of nursing homes in

China from a macro perspective (28). In addition, the existing

studies are often limited to use the cross-sectional data to apply the

single stage (29) and DEA Tobit two-stage models in conducting

regional static research (30), less considering the application of

longitudinal data from time and regional dynamic analysis of

service efficiency changes and its influencing factors exploration.

The analysis of the dynamic spatial layout of medical facilities

in China and abroad is mainly based on the impact of the

service needs of patients on the spatial distribution of institutions.

The accessibility of healthcare and hospitals and surrounding

environmental factors related to the needs of the patients aremainly

studied by means of network analysis, geographic information

system (GIS) (31), spatial sentence (32), social network analysis

(SNA) (33), enhanced two-step floating catchment area (E2SFCA)

(34), multivariable regression methods (35), ordinary least squares

(OLS) (36), spatial autoregressive (SAR), and geographically

weighted regression (GWR) (37) in the community prevention

and healthcare facilities. Christoph Pross specified a Bayesian,

geoadditive, Stochastic Frontier Analysis (SFA) model to assess

hospital performance along the dimensions of resources and

quality of stroke care in German hospitals (38). Wu Anqi (39)
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explored the current situation of the spatial distribution of LTCFs

and the accessibility of LTCFs in Lanzhou. Regional growth

convergence has always been the main topic in the empirical

study of efficient growth. Quah proposed to use kernel density

estimation and Markov chain methods to study the evolution

of regional growth distribution (40). The spatial Markov chain

analysis method is used to test whether the transfer dynamics faced

by a region are affected by the efficient level of neighboring regions

(41). However, the conditional convergence test data without

considering geographical features might inevitably result in serious

deviation when evaluating the quantitative of the pension industry

agglomeration (42). Thus, Rey proposed a new index based on

the reconstruction of the spatial decomposition of the classical

Gini coefficient (i.e., the Moran index), which is highly correlated

with spatial autocorrelation and data distribution (43). Chinese

provinces and cities have been maintaining a rapid development

of LTCFs, but there is also a lack of coordination between regions.

It is an important empirical problem to measure the growth or

convergence of service efficiency of LTCFs in different regions

combined with spatial Markov chain analysis and the Moran index.

Spatial distribution and spatial spillover effects are the focus of

the studies on the spatial characteristics of LTCFs (44). However,

the analysis results of service efficiency and resource allocation of

LTCFs are not expressed in space from the supply side, and there is

a lack of dynamic analysis of the service efficiency of LTCFs across

time, space, and region. In addition, the existing studies used cross-

sectional data, and the LTCFs were restricted regionally, which

did not have the representativeness of the overall characteristic

distribution, and the research conclusions lacked practicality and

extension. Furthermore, the current LTCFs efficiency literature has

rarely taken into account the importance of geographic clusters

(30). Neglecting the efficiency of LTCFs in the same or neighboring

regions might induce systematic biases to inefficiency estimated

effects of their determinants if efficiency varies not only between

providers but also across regions. However, current studies only

focus on regional differences, spatial distribution, and spatio-

temporal dynamic evolution in hospitals and the healthcare field

(45). Taking the socioeconomic and technological attributes of

LTCFs as the basis, it is necessary to further study whether the

inputs and outputs of LTCFs as a production activity in different

regions are reasonable, as well as their spatial connections, and then

to explore their influence mechanism and effective promotion path.

Therefore, combined with the Pareto optimal theory, we

selected the input-output indicators for the efficiency evaluation of

LTCFs from the aspects of human and non-human resources and

applied the super efficiency model in data envelopment analysis

to measure, rank, and classify the efficiency of 31 provinces and

regions in China. Based on this, spatial autocorrelation, Markov

chain, and spatial Markov chain were used to explore the regional

differences and dynamic evolution of the service efficiency of

LTCFs in the context of aging by considering areas and time

heterogeneity, and then to analyze the influencing factors of LTCFs’

efficiency by panel Tobit regression. The goal of this study is to

provide a more complete understanding of the dynamic spatial

distribution changes and the influencing factors of the decrease

in the human and non-human resource efficiency of LTCFs at the

national level. This is done in order to reveal the spatial changes and

connections of LTCF’s efficiency as influenced by different factors

and explore the path to achieve higher efficiency. In turn, it provides

a basic reference for the government to optimize the allocation

of eldercare service resources and the spatial pattern of eldercare

services and then to improve the service quality.

Methods

Data sources

Data were obtained from the China Civil Affairs Statistical

Yearbook, a national survey compiled by the Statistical Annual

Report of the Social Service Industry, and the reports of relevant

departments, which are related to social services in each year among

all LTCFs in the 31 provinces of China from 2013 to 2020. The

data content includes the input and output indicators of LTCFs,

where the input indicators include human resources indicators and

non-human resources indicators.

Variable selection

There is no consensus conclusion on the standard of input-

output variables for the evaluation of the efficiency of LTCFs

(46, 47). Based on the theory of production factors in economics,

the principles of representativeness, independence, and operability

should be included in the evaluation index selection. To be more

specific, input factors can be divided into capital, labor, and

material inputs, and output factors include economic and social

benefits (48).

Considering the operability of decisions, input indicators

should include the items that decision makers can control over

and modify (49). As LTCFs were labor-intensive industries, fixed

assets and institutional staff were commonly used separately as

capital input human input index (50, 51). The actual number of

beds could be easily controlled by managers, which belongs to

material input. A number of studies also considered the number

of beds, the number of institutions, and the original price of

fixed assets as indicators of material resources (27, 52, 53). In

addition, as the pension industry functions as a labor-intensive

industry, there is less possibility for the capital of the labor

substitution. Hence, human capital is an appropriate input index

for efficiency comparison including the number of social workers

and the number of employees, which are the main care resources

in LTCFs (54). Therefore, the input indicators established in this

study include the number of institutions, the number of employees

at the end of the year, the original price of fixed assets, the number

of social workers, and the number of beds at the end of the year

(Table 1).

Output indicators are considered to be the most important

factors in evaluating the quality and quantity of long-term care

services (55). However, most studies only considered the output of

operating revenue and profit, and the number of patients and beds,

rarely considering the importance of service quality in evaluating

the efficiency of LTCFs (56, 57). The quality of service directly

affects the final effect of eldercare and the development prospects
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TABLE 1 The overall e�ciency evaluation of LTCFs in China in 2020.

DMU TE PTE SE RTS SBM Rank

Beijing 1 1 1 CRS 2.075259 3

Tianjin 1 1 1 CRS 1.113012 9

Hebei 0.923478 0.941243 0.981125 CRS 0.660007 27

Shanxi 0.663327 0.804785 0.824229 CRS 0.537396 30

Inner Mongolia 0.88907 0.905911 0.98141 CRS 0.767648 23

Liaoning 1 1 1 CRS 1.065222 13

Jilin 1 1 1 CRS 1.151649 7

Heilongjiang 0.806433 0.913878 0.88243 DRS 0.742034 24

Shanghai 1 1 1 CRS 2.765687 2

Jiangsu 0.863247 1 0.863247 DRS 1 17

Zhejiang 1 1 1 CRS 1.093885 10

Anhui 0.988325 0.989857 0.998452 CRS 0.928381 22

Fujian 0.920666 0.921996 0.998557 CRS 0.697082 26

Jiangxi 1 1 1 CRS 1.801637 4

Shandong 0.910557 1 0.910557 DRS 1 18

Henan 1 1 1 CRS 1 19

Hubei 1 1 1 CRS 1.148148 8

Hunan 1 1 1 CRS 1.081579 11

Guangdong 0.939754 1 0.939754 DRS 1 20

Guangxi 0.848276 0.849864 0.998132 CRS 0.524982 31

Hainan 1 1 1 CRS 1.552696 5

Chongqing 0.862676 1 0.862676 DRS 1.010352 16

Sichuan 1 1 1 CRS 1 21

Guizhou 0.736317 0.820939 0.896921 CRS 0.605067 28

Yunnan 0.80127 0.80203 0.999052 CRS 0.59572 29

Tibet 1 1 1 CRS 4.366281 1

Shaanxi 0.980765 1 0.980765 DRS 1.014799 14

Gansu 0.986527 0.986827 0.999696 CRS 0.717468 25

Qinghai 1 1 1 CRS 1.162113 6

Ningxia 1 1 1 CRS 1.066009 12

Xinjiang 1 1 1 CRS 1.014693 15

TE, technical efficiency; PTE, pure technical efficiency; SE, scale efficiency. Achieved optimal efficiency if the value is 1, while the efficiency is low if it is <1. The higher the super-SBM efficiency

index, the higher the efficiency.

of LTCFs. For example, the health condition of older people is very

important for the improvement and development of LTCFs, and

it has a direct impact on the final performance evaluation results

of the service such as the number of rehabilitation and medical

outpatients. The quality of service is based on the fall rates of

older adults, health conditions, the rate of complaint handling,

and the annual incidence of major accidents (58). Furthermore,

the number of older people with different care needs can reflect

their social effects, and thus older population was classified into

disabled, partially disabled, and completely independent in LTCFs,

which were measured by the Barthel index including six basic

activities of daily living, namely, eating, toileting, bathing, dressing,

getting in and out of bed, and mobility (30). Therefore, the output

indexes should include operating income, the number of disabled,

the number of partially disabled, the number of independents

in residential cares at the end of the year, and the number of

rehabilitation and medical outpatients (Supplementary Table S1).

According to the summary statistics of input-output variables

presented, the mean number of institutions reached the highest

in 2014. All the input indexes have a significant correlation with

output indexes, which indicates that the index selected is reasonable

(Supplementary Tables S2, S3).
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Data envelopment analysis

Data envelopment analysis is a linear programming technique

proposed by Charnes et al. to deal with evaluation problems

containing multiple input and output indicators (59), which are

categorized into input- and output-oriented. Considering the

input controllability of the pension industry and the limited

eldercare resources in China, it is of great practical significance

to increase the output with the given input to make more

reasonable use of resources. Therefore, input-oriented variable

scale DEA models, i.e., the generalized Charnes-Cooper-Rhodes

(CCR) and Banker-Charnes Cooper (BCC) models, were used to

analyze the comprehensive efficiency of LTCFs. The provincial

domain is set as a decision unit in combination with the actual,

i.e., a total of 31 decision units, which are presented by DMU

(i = 1, 2, ... . . . , n) (25). The calculation was adopted by the

MaxDEA software.

CCR and BCC models
Data envelopment analysis is a frontier analysis technology

based on linear programming. It uses management operations

research to construct the production frontier (optimal envelope),

then maps the data of the evaluated unit into space, and calculates

the relative efficiency value according to the mapped position. It

calculates the relative efficiency value according to the mapped

position: the relative efficiency value falling on the most envelope

line is 1 to achieve the optimal efficiency; if it falls at other

positions, the relative efficiency value is calculated according

to the position, and the efficiency value is <1. Therefore, the

efficiency value interval obtained by using traditional DEA is

(0,1) (60). The traditional DEA model mainly included CCR

model l (61) based on constant returns to scale and the BCC

model with variable returns to scale (62). The CCR model

calculates for technical efficiency (TE), while the BCC model

calculates for pure technical efficiency (PTE). The TE refers

to the extent to which a DMU can produce the maximum

output from its chosen combination of inputs, PTE refers to the

production efficiency affected by management and technology. SE

refers to the production efficiency affected by constructions or

scale factors. The relationship formula of these three values is

TE = PTE× SE.

Slack-based model (SBM) model
The additive model (AM) or SBM is based on input and output

slacks. In this study, a non-oriented and non-radial model known

as the SBM-DEA model has been used (63). This model breaks

through the limitation that the maximum efficiency value of the

traditional DEA can only be 1 (64). It takes the optimal envelope

curve as the benchmark, gives the relative mapping position of each

evaluated unit, sorts the optimal units with the original efficiency

value of 1, and can reflect the specific relative efficiency value of

the optimal efficiency unit. Therefore, the value of super efficiency

becomes (0,∞). The input-oriented DEA model was used to

compute TE scores of nursing care that can be expressed by the

following formula:
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In the case of θ = 1, S− = 0, S+ = 0, the nursing home

is fully efficient, whereas θ < 1 means that a nursing home is

inefficient. The BCCmodel adds constraint conditions based on the

CCR model:

n
∑

j=1

λj = 1

At this time, it means that the return on the scale of DMU

remains unchanged and reaches the maximum output scale (65).

In addition, when
∑n

j=1 λj = 1 < 1, it means that returns to scale

are increasing. If the input to DMU is appropriately increased

based on the original input, the output will be increased by a

higher proportion. When
∑n

j=1 λj = 1 > 1, it means diminishing

returns to scale, and the increasing input does not lead to a higher

proportion of output (66).

Malmquist model
Productivity measures changes in a production unit’s efficiency

in transforming inputs into outputs from time t to time t + 1

(67). Total factor productivity changes (TFPC) can be decomposed

into technical efficiency changes (TEC) and technological changes

(TC). TEC can also be decomposed into pure technical efficiency

changes (PTEC) and scale efficiency changes (SEC). The formula is

as follows:

TFPC = TEC× TC = (PTEC× SEC)× TC

Spatial statistical analysis

Time heterogeneity test
The method of testing time homogeneity was proposed by

Anderson and Goodman (68). The whole sample is divided into

t-period, and the Pearson χ2 and likelihood ratio are used to test

whether the transfer matrix estimated from each t-sub sample

is significantly different from the matrix estimated from the

whole sample.

Spatial Markov chain
Markov chain is a kind of Markov process whose time and

state are discrete. It can be used to study the random transfer of

economic phenomena without the interference of external factors.

The specific formula is as follows:

Mij = nij/ni (1)
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In Equation (1), n represents the sum of the number of spatial

units from type i tourism efficiency at time t to type j tourism

efficiency at time t+n; n represents the sum of the number of spatial

units of type i at all times during the study period, andM represents

the probability value that the tourism efficiency of spatial units of

type i at time t changes to type j at time t + n.

Through the spatial Markov chain, based on the adjacent spatial

weight matrix and taking the spatial lag of the research unit in

the initial year as the premise, the traditional Markov transition

probability matrix is decomposed into k conditional transition

probability matrices of k× k. The specific formula is as follows:

Lag = YiWij (2)

In Equation (2), y is the attribute value of the spatial unit;W is

the element of row i and column j of the spatial adjacency weight

matrixW.

Spatial autocorrelation analysis
Global spatial autocorrelation

Moran index can describe the spatial agglomeration degree of

tourism efficiency of each province.When the spatial weight matrix

is constructed according to the adjacency principle, the value range

of the global Moran index is [-1,1]. When its index is not equal to 0,

it indicates that there is a spatial positive autocorrelation or negative

correlation between the service efficiency of provincial LTCFs.

Moran
′

s I =

∑n
i=1

∑m
j=1 Wij(Xi − X̄)(Xj − X̄)

S2
∑n

i=1

∑m
j=1 Wij

∈ [−1, 1] (3)

In Equation (3), Xi is the observation value, Wijis the spatial

weight matrix, and the spatial autocorrelation matrix selects the

adjacency matrix.

Local spatial autocorrelation

To measure the local correlation property of each provincial

unit, the local spatial autocorrelation coefficient is introduced to

further identify the spatial correlation pattern of local areas (69).

LISAi = Zi

n
∑

j=1

WZj (4)

In Equation (3), LISAi is the local spatial autocorrelation

coefficient; Zi and Zj are the standardized values of service

efficiency of LTCFs of provinces. When the value of LISAi is

positive, it means that the similarity value of local spatial units tends

to be spatially concentrated, and when it is negative, it means that

local spatial units tend to be dispersed.

Tobit regression model

The Tobit model is suitable for the research of the regression

equation with a limited value of the dependent variable and is

conducive to accuratelymeasuring the influence of the independent

variable on the dependent variable (70). As the operating efficiency

of LTCFs measured by the DEA model is between 0 and 1, the least

square method (OLS) may cause deviation in the results, so the

panel Tobit model with limited dependent variables is adopted for

analysis, which can better solve the regression problemwith limited

dependent variables (71). In addition, the efficiency of LTCFs is

affected by not only the five input factor variables but also other

exogenous variables (72). According to the availability of relevant

literature and data, it mainly discusses three aspects, namely,

service subjects, human resources, and non-human resources.

Among them, service subjects include the type of object of service

(self-paid, extreme poverty, and entitled groups) and the total

number of subjects in LTCFs. Human resources include the

influence of gender, educational background (junior college, college

graduate, and above), age (35 years old or below, 36–45, 46–55,

or above 56 years old), the number of assistant social workers,

the number of volunteer service personnel, volunteer service time,

and other factors on the efficiency. Non-human resources include

construction space. To avoid the possible heteroscedasticity of the

data and improve the convergence rate of the model, the values of

the total number of variables were normalized before regression

analysis (73). Taking comprehensive efficiency as a dependent

variable, a panel data Tobit regression analysis was carried out to

find out the factors affecting operation efficiency (74). The model is

as follows:

Y = {
Y∗=α+βX+µ, Y∗>0
0,Y∗≤0

where Y∗ is the restricted dependent variable, X is the vector of

independent variables, α is the vector of intercept terms, β is the

vector of regression parameters, µ is the random error term, and

µ ∼ N(0, σ 2).

EFFit = αi + β1X1 + β2X2 + β3X3 + β4X4 + β5X5 + β6X6

+β7X7 ∼ β15X15 + εit

All statistical analyses were performed using MATLAB, Stata

16.0, DEA solver 5.0, and GeoDa software.

Results

The evolutionary trends of the e�ciency of
LTCFs from 2013 to 2020

The results of the DEA-BCC-CCR method showed that the

number of LTCFs that achieved the optimal efficiency in TE, PTE,

and SE presented a composite W-shape trend of change from 2013

to 2020. The number of institutions that have reached the optimal

efficiency values in TE, PTE, and SE reached the lowest level in 2015

and 2019 and reached the highest level in 2016 (Figure 1).
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FIGURE 1

The number of LTCFs with optimized service e�ciency in China (2013–2020). TE, technical e�ciency; PTE, pure technical e�ciency; SE,

scale e�ciency.

The e�ciency evaluation of LTCFs in China
in 2020

In 2020, the overall efficiency value of LTCFs in 16 provinces

(51.61%) was 1, which was in constant returns to scale, and the

LTCFs in 6 provinces (19.35%) were in the stage of decreasing

returns to scale. The super-SBM efficiency of LTCFs in Tibet

ranked the highest, followed by Shanghai. The ranking of LTCFs

in Guangxi Province is the lowest, followed by Shanxi Province

(Table 1).

Combined with the radar map of the service efficiency

distribution of LTCFs in all provinces in 2020 (Figure 2), it showed

that the efficiency of various LTCFs varies significantly among all

the units.

Malmquist total factor production and its
decomposition from 2013 to 2020

Malmquist intertemporal analysis demonstrated that the

decrease in total factor productivity in LTCFs in 24 provinces is

mainly caused by the decrease in technology. At the same time,

the decrease in TE of LTCFs in six provinces is caused by a

decrease in SE, in another four provinces by a decrease in PTE,

and in three provinces by a decrease in both PTE and SE (Table 2;

Supplementary Table S4).

Dynamic evolution analysis of service
e�ciency distribution among LTCFs

The test statistics used are Pearson χ2 statistics (q) and

likelihood ratio statistics (LR) for the time heterogeneity test. The

FIGURE 2

Distribution of TE, PTE, and SE of LTCFs in all provinces in 2020. TE,

technical e�ciency; PTE, pure technical e�ciency; SE, scale

e�ciency.

results show that both statistics reject the assumption of smooth

transition probability at a significance level of 0.01. Therefore, the

following will be divided into two periods, i.e., 2013–2017 and

2018–2020 (Supplementary Table S5).
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TABLE 2 Intertemporal analysis on the overall e�ciency of LTCFs in 31

provinces (2013–2020).

DMU TEC TC PTEC SEC TFPC

Beijing 1 1 1 1 1

Tianjin 1 0.974 1 1 0.974

Hebei 1.015 0.963 1.012 1.003 0.977

Shanxi 1.007 0.945 1.011 0.996 0.952

Inner Mongolia 1.03 0.982 1.03 1 1.011

Liaoning 1.043 0.936 1.036 1.007 0.976

Jilin 1 0.977 1 1 0.977

Heilongjiang 0.985 0.948 0.987 0.998 0.934

Shanghai 1 1.036 1 1 1.036

Jiangsu 0.991 0.973 1 0.991 0.964

Zhejiang 1 0.981 1 1 0.981

Anhui 1.004 0.935 1.004 1 0.939

Fujian 1.083 0.942 1.081 1.002 1.02

Jiangxi 1 0.973 1 1 0.973

Shandong 0.989 0.908 1 0.989 0.898

Henan 1 0.991 1 1 0.991

Hubei 1 0.874 1 1 0.874

Hunan 1.006 0.959 1.003 1.003 0.965

Guangdong 0.992 0.974 1 0.992 0.966

Guangxi 0.989 1.002 0.986 1.003 0.99

Hainan 1 1.003 1 1 1.003

Chongqing 1.01 0.955 1.01 1.001 0.964

Sichuan 1 0.895 1 1 0.895

Guizhou 0.97 0.869 0.972 0.998 0.843

Yunnan 0.972 0.953 0.974 0.998 0.927

Tibet 1.008 1.140 1 1.008 1.149

Shaanxi 1 0.939 1 1 0.939

Gansu 1.034 0.966 1.031 1.002 0.999

Qinghai 1 0.903 1 1 0.903

Ningxia 1 0.873 1 1 0.873

Xinjiang 1.028 0.922 1.023 1.004 0.948

TFPC, total factor productivity changes; PTEC, pure technical efficiency changes; SEC, scale

efficiency changes; TC, technological changes; TEC, technical efficiency changes.

According to the quantile rule [within 25% is low level (L), 26–

50% is medium and low level (ML), 51–75% is medium and high

level (MH), and >75% is high level (H)], the service efficiency of

provincial LTCFs is divided into four categories, and the changes

in transition probability are compared between two periods, i.e.,

2013–2017 and 2018–2020. The results of the traditional Markov

transition probability matrix showed that the diagonal probability

of the super-SBM value is significantly higher than that of other

positions, indicating that in the medium or short term, the

efficiency development of LTCFs in China is relatively stable. This

implies that it is difficult for provinces to realize the transition

by relying on their own development without external causes.

However, adjacent level types reached a large transfer probability,

which might be the reason that industrial accumulation is the

main development process in the current situation. Comparing the

efficiency of human resources with that of non-human resources

in LTCFs, the diagonal and other positions of human resources

were more different in the 2013–2017 period with worse liquidity.

However, in the 2018–2020 period, the liquidity was significantly

higher than that of non-human resources, and there was a greater

probability of cross-level development (Table 3).

After adding the spatial correlation matrix, the results of the

service efficiency of national LTCFs also showed a stable transition

probability, including the human resource efficiency and non-

human resource efficiency of LTCFs. For example, when the overall

efficiency is in an L, ML, or H adjacent area, the diagonal transition

probability is higher than that of other locations. Only when the

adjacent area is MH, provinces with MH have a high probability of

transferring to the adjacent horizontal section, ML or H. In human

resource efficiency, when the adjacent area is L, the provinces that

are L and MH have a higher probability of transferring to ML

and L, respectively; when the adjacent area is ML, the provinces

that are ML will have a greater probability of transferring to L;

when the adjacent area is H, the provinces with L have a greater

probability of transferring to ML; and when the adjacent area is

MH, the diagonal transfer probability is higher than that of other

locations. In terms of non-human resource efficiency, when the

adjacent area is ML, the provinces with MH are more likely to

transfer to ML; when the adjacent area is MH, the provinces that

areMH themselves are more likely to transfer to L andH; and when

the adjacent area is H, the provinces with MH themselves have a

greater probability of transferring to H. The diagonal probability

values of other adjacent space transfer matrices are much greater

than those of other positions, which reflects the convergence of

mechanism efficiency space. This is consistent with the results

of spatial autocorrelation, which showed that LTCFs continue to

form industrial clusters in their own regions in the process of

development with high homogeneity (Table 4).

Spatial correlation analysis of overall
e�ciency and human and non-human
resource e�ciency of LTCFs

To explore the interactive effect of the development of LTCFs

among provinces, Moran’s I was used to reflect the spatial

relationship among regions. According to Table 5, the non-human

resource efficiency in different provinces had a weak spatial

correlation in 2013–2015; the human resource efficiency had a

weak spatial correlation only in 2017; and the overall efficiency

of LTCFs failed to pass the test in 2013–2020. As for non-

human resource efficiency, in the early stage of development,

the LTCFs were not developed in all regions, and there was a

Frontiers in PublicHealth 08 frontiersin.org118

https://doi.org/10.3389/fpubh.2023.1066190
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Zhang et al. 10.3389/fpubh.2023.1066190

TABLE 3 Dynamic evolution analysis of service e�ciency distribution of LTCFs in two time periods (2013–2017 and 2018–2020) in China.

Year Level Super-SBM Human resource e�ciency Non-human resource e�ciency

L ML MH H L ML MH H L ML MH H

2013–2017 L 0.563 0.188 0.188 0.063 0.594 0.375 0.000 0.031 0.563 0.219 0.063 0.156

ML 0.162 0.676 0.081 0.081 0.212 0.424 0.182 0.182 0.163 0.651 0.070 0.116

MH 0.231 0.154 0.308 0.308 0.067 0.100 0.667 0.167 0.167 0.278 0.278 0.278

H 0.034 0.034 0.276 0.655 0.103 0.103 0.103 0.690 0.065 0.097 0.258 0.581

2018–2020 L 0.688 0.250 0.063 0.000 0.667 0.200 0.133 0.000 0.733 0.267 0.000 0.000

ML 0.053 0.632 0.211 0.105 0.176 0.412 0.294 0.118 0.083 0.583 0.167 0.167

MH 0.167 0.083 0.583 0.167 0.000 0.214 0.643 0.143 0.111 0.222 0.222 0.444

H 0.000 0.133 0.067 0.800 0.188 0.063 0.063 0.688 0.071 0.214 0.071 0.643

L, low level; ML, medium and low level; MH, medium and high level; H, high level.

TABLE 4 Spatial Markov chains.

Total Human resource e�ciency Non-human resource e�ciency

Level Ti/Ti+1 L ML MH H L ML MH H L ML MH H

L L 0.500 0.167 0.167 0.167 0.200 0.600 0.000 0.200 0.429 0.143 0.000 0.429

ML 0.000 0.833 0.000 0.167 0.000 0.833 0.167 0.000 0.000 1.000 0.000 0.000

MH 0.143 0.000 0.714 0.143 0.667 0.000 0.333 0.000 0.000 0.000 1.000 0.000

H 0.000 0.000 0.333 0.667 0.333 0.000 0.000 0.667 0.100 0.000 0.300 0.600

ML L 0.577 0.192 0.192 0.038 0.591 0.318 0.045 0.045 0.640 0.200 0.080 0.080

ML 0.077 0.692 0.115 0.115 0.467 0.333 0.133 0.067 0.106 0.574 0.149 0.170

MH 0.250 0.125 0.375 0.250 0.071 0.143 0.500 0.286 0.125 0.417 0.250 0.208

H 0.077 0.077 0.269 0.577 0.200 0.100 0.000 0.700 0.067 0.167 0.200 0.567

MH L 0.769 0.154 0.077 0.000 0.769 0.231 0.000 0.000 0.800 0.100 0.000 0.100

ML 0.235 0.471 0.176 0.118 0.200 0.533 0.133 0.133 0.200 0.600 0.000 0.200

MH 0.167 0.333 0.167 0.333 0.000 0.115 0.692 0.192 0.500 0.000 0.000 0.500

H 0.000 0.222 0.111 0.667 0.061 0.091 0.182 0.667 0.000 0.500 0.000 0.500

H L 0.556 0.222 0.222 0.000 0.429 0.500 0.071 0.000 0.500 0.500 0.000 0.000

ML 0.250 0.688 0.063 0.000 0.267 0.333 0.267 0.133 0.375 0.500 0.125 0.000

MH 0.143 0.286 0.286 0.286 0.143 0.357 0.357 0.143 0.000 0.000 0.250 0.750

H 0.000 0.000 0.200 0.800 0.222 0.000 0.111 0.667 0.000 0.182 0.182 0.636

L, low level; ML, medium and low level; MH, medium and high level; H, high level.

certain linkage between the resource efficiency of various provinces.

However, with the continuous development and integration of the

local pension industry, provinces began to accumulate pension

resources within their own province, causing the inter-provincial

spatial connection to weaken. As for human resource efficiency,

there is no spatial correlation between provinces. There was a

negative spatial relationship that passed the 0.1 test in 2017,

but Moran’s I in the other years failed to pass the test. There

existed a negative exponential phenomenon, which resulted in an

obvious polarization phenomenon and failed to form area linkage

to develop efficiency.

Analysis of local spatial autocorrelation
aggregation of service e�ciency of LTCFs
in various provinces from 2013 to 2020

Supplementary Figures S1A–H shows that during the period

2013–2020, when the test level is at p ≤ 0.05, there is a significant

positive spatial correlation (+ +) between one province and

its adjacent provinces or regions, which can be identified as

diffusion effect that shows a relatively rapid development model,

and there is a significant positive spatial correlation (– –) between

eight provinces and their neighboring provinces or regions. The
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TABLE 5 The Moran’s I of human resources and non-human resources in LTCFs.

Year Total e�ciency Human resource e�ciency Non-human resource e�ciency

Moran’s I P Moran’s I P Moran’s I P

2013 −0.123 0.167 −0.081 0.345 −0.141 0.099

2014 0.024 0.252 −0.059 0.471 0.081 0.079

2015 −0.162 0.108 −0.083 0.306 −0.179 0.072

2016 −0.046 0.498 −0.097 0.147 0.016 0.269

2017 −0.019 0.184 −0.006 0.074 −0.031 0.477

2018 0.031 0.239 0.110 0.113 0.016 0.202

2019 −0.024 0.384 −0.019 0.406 −0.018 0.369

2020 −0.040 0.449 −0.079 0.374 −0.012 0.314

efficiency growth rate of these provinces is relatively slow, showing

a typical lagging development model; there is a significant negative

spatial correlation (+ –) between one city and its adjacent cities,

which can be identified as the polarization effect or reflux effect; and

there is a significant negative spatial correlation (–+) between four

provinces and their neighboring provinces, which can be identified

as the centrifugal effect.

The empirical analysis of influencing
factors of LTCFs e�ciency

Based on the Tobit model constructed in the previous section,

the results showed that female workers aged between 35 and 45

years can positively affect the efficiency of LTCFs at a significant

level of 1% and 5%. In addition, the type of service subjects has a

positive impact on the efficiency of LTCFs. A possible reason for

this is that those groups are generally in poorer health or able to

receive more government subsidies from long-term care insurance,

thus this income increases the efficiency of LTCFs.

However, the construction space of the LTCFs might negatively

affect the efficiency of LTCFs at a 5% significant level. Table 6 shows

that the comprehensive efficiency of LTCFs decreases by 0.210 for

each square increase in construction space variation.

Discussion

This study applied DEA to comprehensively evaluate the

service efficiency of human and non-human resources in LTCFs

in different time periods and regions. By combining the

spatial Markov chain and spatial correlation, we explored the

heterogeneity and correlation of service efficiency of LTCFs in

different regions and their interactive effects to provide a reference

basis for optimizing the allocation of care resources and improving

service efficiency.

The evolutionary trends of the e�ciency of
LTCFs from 2013 to 2020

The number of LTCFs, which achieve optimal efficiency in

TE, PTE, and SE, presented a composite W-shape changing trend

from 2013 to 2020. During 2013–2015, the number of LTCFs with

optimized service efficiency showed a downward trend in volatility.

After reaching the peak in 2016, the number gradually decreased,

reached the “trough” in 2019, and showed an upward trend in

2020. Taking 2016 as a reference, the front and back fluctuations

show a symmetrical distribution, that is, the quantitative changes

in the optimization of service efficiency of LTCFs form a circular

rotation phenomenon in different years. The number of LTCFs with

optimized efficiency reached a peak in 2016 and 2020, respectively,

which might be due to the policy support of the three-year action

plan for eldercare services (2014–2016) issued by the Ministry of

Civil Affairs (75). In 2017, the State Council issued the “13th Five-

Year Plan for the Development of the National Cause for Aging

and the Construction of the Eldercare System”, which highlighted

that the eldercare service system based on home, supported by

communities, supplemented by institutions, and combined with

medical care will be more complete (76). Subsequently, the policy

and economic supports mainly focus on the development of home-

based community eldercare services. This has led to a downward

trend in the service efficiency of LTCFs since 2017. Specific

phenomena include the decline in bed utilization rate and low

service quality in LTCFs (77). However, theMinistry of Civil Affairs’

Implementation Opinions on Further Expanding the Supply and

Promoting the consumption of eldercare services in 2019 proposed

that LTCFs and community eldercare service institutions should

jointly provide support for home care (78). This further expands

the market service demand of LTCFs and improves the efficiency

of institutions. Taking 2020 as an example, the overall efficiency of

institutions in all provinces in China is evaluated. The results show

that the TE of LTCFs in 16 provinces (51.61%) is 1, the SE remains

unchanged, and the TE of LTCFs in the other 15 provinces is lower.

The reasons for low efficiency include the decline of scale efficiency

and pure technical efficiency. SE refers to the impact of industrial

structure on output efficiency through continuous optimization

and improvement of its own allocation; PTE reflects the internal

management and personnel management level of LTCFs. Due

to the regional distribution and functional diversity of natural

resources in China, provinces with high SE are mainly distributed

in Northwestern regions with wide geographical areas and rich

land resources (19) such as Henan, Tibet, and Xinjiang (79).

Hence, the comprehensive efficiency of LTCFs in Northwestern

regions is less likely to be affected by SE. The southeastern regions,

such as Jiangsu, Shandong, Guangdong, and Chongqing, have a
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TABLE 6 Tobit regression analysis of the influential factors of LTCFs e�ciency.

Variables Coef. S. t. T–value p–value 95%CI

Constant 0.9794 0.0456 21.4800 0.0000 0.8896 1.0692

Support subjects

Entitled group 0.1308 0.0559 2.3400 0.0200∗ 0.0207 0.2409

Extreme poverty group 0.2251 0.0662 3.4000 0.0010∗∗ 0.0946 0.3556

Self-paid group 0.0986 0.0646 1.5300 0.1280 −0.0287 0.2259

Annual older people 0.0949 0.0566 1.6800 0.0950 −0.0167 0.2064

Human resources

Women 0.3895 0.1276 3.0500 0.0030∗∗ 0.1382 0.6409

Junior college −0.1312 0.1017 −1.2900 0.1980 −0.3315 0.0692

College graduate and above 0.0895 0.0899 1.0000 0.3210 −0.0877 0.2666

Age d35 and below −0.1508 0.1039 −1.4500 0.1480 −0.3556 0.0540

Aged between 35 to 45 −0.3176 0.1314 −2.4200 0.0160∗ −0.5764 −0.0588

Aged between 46 to 55 −0.0191 0.0878 −0.2200 0.8280 −0.1920 0.1538

Aged 56 and above 0.1321 0.0825 1.6000 0.1110 −0.0305 0.2947

Social workers 0.0321 0.0512 0.6300 0.5320 −0.0688 0.1330

The numbers of volunteers 0.0275 0.1244 0.2200 0.8250 −0.2176 0.2726

Volunteer service hours 0.1321 0.1423 0.9300 0.3540 −0.1482 0.4125

Non-human resources

Construction space −0.2101 0.0716 −2.9300 0.0040∗∗ −0.3511 −0.0690

LR 62.2000

R2 0.2400

∗∗ , ∗Represent significance levels of 1 and 5%, respectively.

lower SE due to the characteristics of land supply scarcity. As

their PTE is high, the reduction in the comprehensive efficiency

of the above regions is mainly due to their low-scale efficiency

(80). The Malmquist cross-period (2013–2020) analysis results also

show that the decline of total factor productivity of LTCFs in the

provinces of Northwestern regions is mainly caused by the decline

of technical level (13), which is in accordance with the opinion

from Torabipour that technical levels played a major role in total

productivity changes (81).

The dynamic evolution of the e�ciency of
human resources in LTCFs

The output and input efficiency indicators of LTCFs were

divided into human and non-human resources, and the situation of

the two periods 2013–2017 and 2018–2020 was analyzed separately.

The results showed that the development of service efficiency of

LTCFs in China is relatively stable and sustainable in the short-term

period. This indicated that the convergence trend of the efficiency

of LTCFs is increasing, with a gradual decrease in liquidity as

time periods were extended (82). However, the transfer probability

changed slowly between adjacent levels, which is similar to the test

result of spatial autocorrelation, indicating a lower probability of

achieving short-term cross-stage development (83). The regions

are difficult to realize the transition by relying on their own

development without any external causes. The reason for this might

be LTCFs focused on the industrial accumulation in the early

stage, forming a high homogeneity, and strong substitutability,

with insufficient coordinated development, weakening the inter-

provincial spatial connection, and poor liquidity (84, 85). Sufficient

human resource embeddedness can not only promote the technical

development of the eldercare service industry in the region but also

play a greater role in regional diffusion than agglomeration; that is,

it has a positive impact on the development of the pension industry

in neighboring provinces (86–88). In human resource efficiency,

our results showed that there was significant spatial polarization

without spatial correlation among regions, making it difficult to

develop area linkages. The reason for this might be that the staff

have relatively stable regional characteristics, weakening the inter-

provincial spatial connection. We found that female workers aged

between 35 and 45 years can positively affect the efficiency of

LTCFs. The efficiency growth is highly dependent on those workers

with proficient skills (89). Those staff, at this age range, can stay

with high workloads in order to refine and improve their existing

skills in performing tasks efficiently, and in the process, complete

their work with passion. They are expected to have more patience

and dedication to eldercare so that they can obtain better service

quality and then improve the efficiency of LTCFs in the process

(30). However, younger staff aged <35 years do not have any
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sense of longevity with their jobs due to their lack of sufficient

skills or have more determinants of intention to leave jobs than

older staff in LTCFs (90). Moreover, older staff aged more than

45 years stay focused and are less likely to improve their existing

skills. They perform highly repetitive care tasks in a timely manner

and complete their assignments within a tight work schedule (91).

With restricted personal resources, they can only work in a highly

regulated environment and tend to be job burnout and exhausted

(90). So, increasing female workers aged between 35 and 45 years

can enhance the growth of service quality and personnel stability

of LTCFs, in turn, improving the service quality and the overall

efficiency of LTCFs. In addition, the type of service subjects has

a positive impact on the efficiency of LTCFs. A possible reason

for this is that those groups are generally in poorer health or able

to receive more government support and subsidies from long-

term care insurance, so this income increases the efficiency of

LTCFs. Therefore, strengthening policy support to encourage inter-

regional initiatives, particularly highlighting the development of

human resources interaction and common development, is urgent.

The dynamic evolution of the e�ciency of
non-human resources in LTCFs

Non-human resources like construction space can also affect

the temporal and spatial changes of the efficiency in LTCFs

(92). More specifically, non-human resource efficiency presented

a “cluster” distribution mode, demonstrating a certain linkage

among various provinces, indicating a great probability to achieve

cross-stage development, particularly in the later period. Economic

development and land resource gaps might be the main reasons

for regional disparities. Non-human resources, like economic

development level, environmental regulation, education level, and

resource endowment indicators, are all important prerequisites

and guarantees for the development of the ability of the eldercare

industry (93), but they have little impact on the development

of technological innovation ability in surrounding provinces and

do not have an obvious spatial spillover effect. Tobit regression

analysis results also showed that the comprehensive efficiency of

LTCFs decreases by 0.210 for every square increase in construction

space variation. The appropriate scale for technical support is an

important factor in improving the quality of the facilities (33).

Excessive scales will increase care service consumption and cause

problems such as deficits. Lower scales will affect comprehensive

efficiency and reduce the ability of LTCFs to attract older adults

in need of care and improve care technology and quality. Our

results demonstrate that there is an urgent trade-off between

resource reduction, construction excessive, and substantial regional

variation in efficiency. Therefore, it is necessary to avoid excessive

construction space changes and improve technology and service

quality changes to further improve the efficiency of LTCFs.

Conclusion

This study provided an analysis of the phased characteristics,

cross-temporal distribution, regional distribution, spatial

correlation characteristics, and the analysis of influencing

factors of the innovative development of China’s eldercare service

industry. The service efficiency of LTCFs in various provinces has

a large regional difference and fluctuation range. The economic

development and land resources gap might be the main reasons

for the regional disparity. The continuous differentiation of the

spatial pattern of service efficiency of LTCFs in various provinces

is the performance of the stability of the spatial pattern, indicating

less probability to achieve short-term cross-stage development as

a whole. To be more specific, the non-human resources efficiency

presents a “cluster” distribution mode, demonstrating a certain

linkage among various provinces, which causes a great probability

to achieve cross-stage development, particularly in the later period.

Blindly increasing the construction space and scales of LTCFs

does not necessarily increase the output effectively. However, with

regard to human resource efficiency, there is a significant spatial

polarization without spatial correlation among regions, which

makes it a failure to develop by area linkage. The age and gender

distribution of staff might increase the inter-provincial spatial

differences. As for the supply of resources, the government should

command and dispatch the human and non-human resources

in the whole country through a top-down design based on the

characteristics of each province.

The government must formulate relevant policies to cultivate

eldercare staff, optimize the allocation of resources, and enhance

quality supervision to increase the service efficiency of LTCFs

as a whole. There is also a need to take measures to deal

with the spatial polarization limitations of human resources

in LTCFs. For example, policymakers should encourage inter-

regional drives and the interaction of human resources to

promote the common development of the eldercare industry in

various regions. Managers of LTCFs should pay more attention

to demand-oriented, combined with the policy, and strengthen

the institutional operation and management, thus achieving the

common development of service efficiency and quality.

Strengths and limitations

According to the Pareto optimal theory, we selected the input-

output indicators for the efficiency evaluation of LTCFs from the

aspects of human and non-human resources to get a more refined

basis for the development of LTCFs. The spatial Markov matrix

was used to conduct continuous dynamic research on the efficiency

of the services by considering areas and time heterogeneity. To

make a scientific and accurate conclusion, we analyze the local

spatial autocorrelation aggregation analysis of the service efficiency

of LTCFs between adjacent provinces and their transfer condition.

In a long-term period, we could find out the continuous and real

changes in human resources and non-human resources efficiency

of LTCFs in the development process, and explore the influencing

factors leading to temporal and spatial changes.

In this study, the longitudinal data was used to analyze

the temporal and spatial pattern of service efficiency in China’s

LTCFs, and further comprehensive and municipal data still

need to be included in the future. More measurement design

should be considered to further explore the potential influencing

mechanisms of spatial differences in LTCFs. The efficiency changes
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of both human and non-human resources calculated in this

study are compared, but they cannot represent the changes in

all the efficiency characteristics of LTCFs. The index data of

eldercare service efficiency classification must be mined from

multiple dimensions.
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Objective: The purpose of this study was to translate and verify the reliability and

validity of the Chinese version of the self-care scale for older adults undergoing

hip fracture surgery.

Methods: A total of 502 older adult/adults patients after hip fracture surgery were

recruited from Liaoning, Shanxi, and Beijing, China. The reliability of the Chinese

version of the scale was measured by internal consistency, split-half reliability, and

retest reliability, and the validity was evaluated by the content validity index and

structure validity index.

Results: The Chinese version of the HFS-SC scale had a Cronbach’s alpha

coe�cient of 0.848, and the Cronbach’s alpha coe�cients for the five dimensions

ranged from 0.719 to 0.780. The split-half reliability of the scale was 0.739, and

the retest reliability was 0.759. The content validity index (S-CVI) was 0.932. The

five-factor structure, supported by the eigenvalues, total variance explained, and

the scree plot accounted for 66.666% of the total variance. In confirmatory factor

analysis, the model fit results were as follows, X2/df = 1.847, GFI = 0.914, AGFI =

0.878, PGFI = 0.640, IFI = 0.932, TLI = 0.912, CFI = 0.931, RMSEA = 0.058, PNFI =

0.679. The indicators of the model’s fit were within reasonable bounds.

Conclusion: The Chinese version of the self-care scale for older adults

undergoing hip fracture surgery has suitable reliability and validity. The scale can

be used to assess the level of older adult/adults self-care in China following hip

replacement surgery and serves as a useful benchmark for identifying potential

intervention targets to raise the level of older adult/adults self-care following hip

replacement surgery.

KEYWORDS

hip fracture, old age, self-care, factor analysis, psychological measurement assessment

1. Introduction

Population aging, which is a universal phenomenon with characteristics of huge

scale, depth, and speed, is the inevitable outcome of demographic transformation

(1, 2). In addition to a sizable older population, age-related diseases are becoming

more common and prevalent, which is having a negative impact on worldwide

public health (3). With the development of an aging society, the increasing number

of fractures has become one of the public health challenges affecting the healthy

life span and quality of life of the older adult/adults. Hip fracture is one of
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the most serious types of fractures (4). Older people are the

main patient group for common clinical hip fractures. The main

risk factors for hip fracture are osteoporosis and falls. The older

adult/adults are more prone to hip fractures from minor violence

due to increased bone fragility and deterioration in all aspects of

physical function (5). Studies have shown that the overall incidence

of hip fractures is on the rise in various countries. With a one-year

mortality rate of up to 30%, hip fracture patients are one of the

more common sources of fracture morbidity and mortality in the

older adult/adults. Hip fractures not only result in direct mortality

but also account for about 25% of all-cause mortality (6, 7). It has

the characteristics of high incidence, high disability rate, and high

mortality, which seriously affects the health and quality of life of

the older adult/adults. The hip fractures will not only reduce life

expectancy, but also reduce the activity level and daily living ability

of older adult/adults patients, which brings a heavy economic and

mental burden to society and families, causing serious public health

problems (8).

Geriatric hip fracture is a common and severe type of fracture

that occurs in people 65 and older. Specifically, it refers to the

continuous fracture at the junction of the femur and pelvis, which is

anatomically divided into intracapsular and extracapsular fractures,

including femoral neck fractures, trochanteric region, and fractures

within 5 cm below the lesser trochanter (9). Numerous studies have

shown that age is an important predictor of the development and

progression of hip fractures. In 2050, 6.26 million hip fractures are

expected to occur worldwide, with people 65 and older accounting

for 80% of cases (10, 11). In 2015, the incidence of hip fractures

among people over 74 years old in China reached 5.42%. Hip

fractures are becoming more common, and the high cost of

treatment has put a significant financial strain on families and

society as a whole (12–14).

According to studies, surgically treating hip fractures provides

clear survival advantages that can help increase survival rates and

lower death (5, 15). As a result, surgical therapy is preferred by

the majority of hip fracture patients. older adult/adults people with

hip fractures typically have complex medical problems and more

chronic illnesses. Following surgery, they are traumatized and frail,

frequently with a reduction in walking ability, which raises their risk

of falling and further injury (16). These elements will make nursing

work more challenging (17). older adult/adults HF patients’ caring

responsibilities are primarily handled by spouses, adult children,

etc. once they are released from the hospital. The initial phases

of rehabilitation and exercise place a significant burden on these

unofficial caregivers. The quality of life of patients is severely

impacted by the lengthy HF treatment and recovery cycle, as well as

the absence of professional rehabilitation assistance after discharge,

which has negative consequences on rehabilitation outcomes and

other circumstances (4). For the rehabilitation of older adult/adults

individuals after hip fracture surgery, post-operative scientific and

appropriate self-care is crucial.

Self-care is the action people do to support clinical therapy,

and maintain or advance their health, to continually developing

patients’ capacity for self-care and self-care to reach health levels

and return to normal (18). Orem proposed the self-care idea at

the beginning of the 1970s, urging patients to use all resources to

maintain their current level of health and hasten the healing of

illnesses (19). After a hip fracture, older adult/adults people’s ability

to take care of themselves is crucial to their recovery. According

to studies, Orem self-care mode can significantly increase patients’

illness cognition, self-care skills, and hip function when it comes

to nursing older adult/adults patients with hip fractures. Patients

can improve their health following surgery, significantly lessen

the traumatic stress reaction, and ultimately lower the overall

incidence of problems by modifying their negative behaviors (20).

The development of self-care abilities is important for disease

treatment and symptom control, as well as for the postoperative

health of patients. Therefore, self-care is a useful strategy for

managing health and encouraging active recovery in older patients

who have undergone hip fracture surgery, which merits discussion.

The capacity of older patients to care for themselves following

hip fracture surgery is drawing more and more attention as the

state of medicine evolves. Therefore, research into older Chinese

people with hip fractures’ capacity for self-care is important. The

development of a tool to assess the level of self-care after hip

fracture in the older adult/adults Chinese population is seen as

essential to better understanding life after hip fracture in the

older adult/adults Chinese population due to the high prevalence

and significant negative effects of hip fractures in the geriatric

population. The self-care scale for older adults undergoing hip

fracture surgery (HFS-SC) developed by Jeon et al. was used

to measure the ability of older people to self-care after hip

fracture surgery (21). The scale was logically constructed for the

old population, taking into full account the degree of disease

prevention and cognition of older adult/adults hip fracture patients

after surgery, based on the background of high morbidity and

extended duration of disease in the older adult/adults hip fracture

population. In the Korean population, the scale has been shown to

have good psychometric qualities.

The study aims to translate and cross-culturally debug the

scale, introduce the Korean version of the HFS-SC into China, and

evaluate the reliability and validity of the translated scale in older

adult/adults Chinese patients after hip fracture surgery.

2. Methods

2.1. Design and participants

This study was undertaken from August 2022 to December

2022 to evaluate the degree of self-care of older adult/adults hip

fracture patients after surgery and to measure their psychometric

characteristics through a cross-sectional study. The sample size was

determined in accordance with the general rules of the faction-

analysis program, which require the recruitment of at least ten

respondents per project, but a larger sample is desirable (22). To

ensure the accuracy of exploratory factor analysis and confirmatory

factor analysis, 15 respondents for each project should be recruited

to participate in the study. In this study, participants were

recruited were recruited from three hospitals in Liaoning, Shanxi,

and Beijing, China by means of convenience sampling. Prior to

data collection, the team members responsible for the interviews

received uniform training on how to use standardized language and

instructions. The treatment and rehabilitation of older adult/adults

patients after hip fracture is a long-term process, with postoperative

functional recovery time ranging from 6 months to 1 year.
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Although the ideal time for functional recovery is 3 months

after surgery, only 40 to 70 percent of patients regain their prior

independence in activities of daily living within 6 months after

fracture, and most patients still require long-term care (9, 23).

older adult/adults patients with hip fracture have poor resistance to

external stimulation, and the huge trauma of hip fracture and the

operation itself makes the recovery of the self-care ability of older

adult/adults patients with hip fracture face many problems (24).

After discussion by the research team, patients who had undergone

hip fracture surgery within 3 months to 18 months were selected as

the study subjects. Finally, a total of 502 older adult/adults patients

with post-operative hip fractures were recruited to participate in

the study. The inclusion criteria required participants to be over

65 years of age; patients who had undergone hip fracture surgery

within 3 months to 18 months; patients who were able to walk and

have normal balance before hip surgery; clear consciousness and

normal verbal communication; gave knowledgeable consent and

willingly participated in the study. Patients who were bedridden

and unable to communicate verbally due to stroke, dementia, or

mental and cognitive disorders were excluded.

2.2. Instruments

2.2.1. General information
The level of postoperative self-care for older adult/adults hip

fracture patients is influenced by a number of factors. Studies

have shown that differences in age, gender, functional status,

fracture type, and other aspects of older adult/adults hip fracture

patients can affect their level of post-operative self-care (25–27).

The incidence of hip fractures increases with age and women are

more likely to suffer a hip fracture than men. Different fracture

types and functional statuses likewise influence the level of patient

self-care after surgery. The researcher reviewed the literature and

based on the content and purpose of this study and the clinical

characteristics of the older adult/adults after hip fracture. A general

demographic questionnaire was developed through an in-group

discussion design. Participants were asked to self-report on nine

factors, including age, sex, education, family type, occupation

status, functional status, type of HFS, comorbidity, and time

after surgery.

2.2.2. The self-care scale for older adults
undergoing hip fracture surgery

The scale was developed by Jeon et al. in 2022 to assess the

level of self-care in older adults after hip fracture surgery (21).

The scale included functional independence (4 items), symptom

recognition and management (4 items), positive mental health

(3 items), participation in and support for social activities (3

items), and safe environment (3 items). The scale consists of 5

dimensions and 18 items. Each item was rated on a Likert 5-point

scale, from “never or very rarely” to “always” assigning a score

of 1–5. The overall score varied from 18–90, with higher scores

demonstrating higher levels of self-care among seniors undergoing

hip fracture surgery. In the process of cross-cultural debugging, the

item “Religion is very helpful for my recovery” was deleted, and the

Chinese version of the HFS-SC with 5 dimensions and 17 items was

finally formed.

2.3. Procedure

2.3.1. Questionnaire translation procedure
Our translation work was approved by Professor Jeon. Firstly,

the HFS-SC was translated by two bilingual Chinese native

speakers. The parts that differed significantly were discussed by the

research team and eventually agreed upon. The questionnaire was

then counter-translated into English by two individual indigenous

English speakers with Chinese language skills, and the translated

scales were compared and modified by group discussion. In

addition, translation experts were invited to culturally adapt the

translated scale to make it more appropriate to Chinese language

expressions. Finally, ten older adult/adults patients with hip

fractures were recruited to take an initial survey using the translated

scale. Participants were asked to complete the scale and give their

opinions on the difficulty of the scale. Adjustments were made

accordingly based on the participants’ comments to ensure that the

entries were semantically unambiguous, resulting in a final version

of the Chinese version of the HFS-SC.

2.3.2. Data collection procedure
After the training, the research team traveled to three cities and

recruited participants using convenience sampling. Before the data

survey, the research team explained the purpose of the survey to

the subjects and ensured that the survey data was only used for

academic research and would not be disclosed or used for other

purposes without their permission. After the patients completed

the questionnaire, the research team checked and collected the

questionnaire. After eliminating invalid questionnaires, a total of

502 completed questionnaires were eventually collected. All data

were collated, numbered and entered uniformly using the two-

person entry method, and the entered data were reviewed to

strictly ensure the accuracy of the data information. The principle

of confidentiality was strictly followed during the study, and no

identifiable information related to patients was involved in the data

analysis. The privacy of the research subject was respected during

the study and all information collected was kept confidential, and

the researcher was not allowed to share private information about

the subject without his or her consent. To assess retest reliability,

30 patients were asked to finish the post-translation scale again two

weeks later.

2.3.2.1. Data analysis

Data from this study were analyzed statistically by

SPSS 26.0 and AMOS 26.0. Counting information was

expressed as mean (standard deviation) and measurement

information as percentage. P < 0.05 was considered

statistically significant.

2.3.2.2. Items analysis

Item analysis was designed to determine the discrimination and

relevance of the scale, and the results could be used as a basis

for item selection or modification. In item analysis, the scale was

divided into the top 27% (high group) and the bottom 27% (low

group) of the total score, and the relationship between the two

groups was analyzed to determine whether the scale had sufficient

discriminating ability. The critical ratio (CR) > 3.0 indicates

good differentiation among items (28). The correlation coefficient
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between each item and the total score is analyzed to reflect the

correlation between each item and the whole scale. r > 0.4 indicates

good differentiation of each item. If each item is deleted, Cronbach’s

α coefficient through the aggregate table does not increase, and the

item is retained. If Cronbach’s α coefficient increases, it means that

themeasured attributes of this item are different from those of other

items and should be removed.

2.3.2.3. Reliability analysis

Reliability was an estimate of the consistency of the

measurement. The higher the consistency of the measurement

results, the higher the reliability of the tool (29). Reliability had

characteristics such as internal consistency and stability. The

indexes that often reflect the internal consistency of research tools

were split-half reliability and Cronbach’s α coefficient. The scale

items were divided into two parts in parity order, and the split-half

reliability was evaluated by calculating the correlation between the

two parts. Retest reliability was often used to indicate the stability

of a research tool (30). Two weeks later, 30 patients were selected

for retesting as a way of assessing the stability and consistency of

the scale across time.

2.3.2.4. Validity analysis

Validity was to judge the accuracy of the content measured by

the scale. This study tested the validity from two aspects: content

validity and structure validity. Seven experts in related fields were

invited to evaluate the content validity of the scale using the Delphi

method. Each item was divided into four levels: no correlation (0

point), weak correlation (0 point), strong correlation (1 point) and

strong correlation (1 point). The content validity index of the items

(I-CVI) was the ratio of the number of experts who ranked a rating

of 1 per project to the total number of experts. The content validity

index of the scale (S-CVI) was the calculation result of the mean of

I-CVI for each item of the scale. When I-CVI> 0.800 and S-CVI>

0.900, the content validity of the scale was better, and the items of

the scale were more relevant and representative (31). Exploratory

factor analysis (EFA) and confirmatory factor analysis (CFA) were

used to assess the underlying factor structure of the questionnaire.

A total of 502 samples were randomly divided into two groups

with 251 participants in each group and were used independently

for EFA and CFA. Data were considered suitable for principal

component analysis only if the Bartlett’s spherical test difference

reached the significant level (P < 0.05) and the KMO was >0.6.

The AMOS was used in CFA to analyze the suitability of model

fitting indicators. Based on the maximum likelihood estimation,

the model fitting index was determined by the following indicators:

Chi-square degree of freedom (χ2/df) < 3.0, the goodness of fit

index (GFI) > 0.9, the parsimonious goodness of fit index (PGFI)

> 0.5, the incremental fit index (IFI) > 0.9, the root mean square

error of approximation (RMSEA) < 0.08 indicates that model

approximation is good and acceptable (32).

2.4. Ethical approval

Each participant was informed of the purpose and significance

of the study and completed an informed consent form. Personal

information was protected in the returned questionnaire. The

study was approved by the Ethics Committee of Jinzhou Medical

University and the process followed the ethical guidelines provided

by the Ethics Committee.

3. Results

3.1. Descriptive statistics

A total of 502 older adult/adults patients were enrolled after

hip fracture surgery: the mean age of participants was 72.88 years,

and there were more females than males, 197 males (39.2%) and

305 females (60.8%). Most of the participants lived in couples, and

71.7% of the patients were retired. In terms of the type of surgery,

56.6% of the patients underwent total hip replacement (Table 1).

3.2. Intercultural adaptation

Due to the differences in language habits and cultural

backgrounds of different countries, the scale needs to fully

understand the Chinese context and thinking mode in the process

of development. Therefore, the translation of the scale needs to

be adjusted across cultures to make it more suitable for the target

population. After obtaining the consent of the original authors,

the research team made cross-cultural adjustments to the source

scale. During the survey, the number of older adult/adults post-

operative hip fracture patients who possessed religious beliefs

was small and most held materialistic ideas. Many were mostly

not devout believers and were reluctant to admit their beliefs

in front of the collectors. During data collection, over 90% of

the study participants selected “never or very rare” for this item.

Considering the cultural differences in religious beliefs between the

two countries, in the cultural background of China, the number of

older adult/adults patients with religious beliefs after hip fracture

surgery is small. Based on expert opinion and panel discussion,

the item “Religion is very helpful for my recovery” was deleted

after the group discussion. Then, nursing experts in geriatric

nursing, rehabilitation nursing, psychometrics and other fields were

invited to conduct expert correspondence consultation. Finally, a

5-dimensional, 17-item Chinese version of HFS-SC was formed.

3.3. Item analysis

The critical ratio (CR) of each item in the questionnaire ranged

from 8.457 to 15.533, all of which were > 3. The score of each item

was positively correlated with the total score (r= 0.446–0.629, P <

0.001). After deleting each item, the Cronbach’s α coefficient of the

scale was 0.835–0.845, which did not exceed the original Cronbach’s

α coefficient of 0.848 (Table 2).

3.4. Reliability analysis

The Cronbach’s alpha coefficient for the translated

scale was 0.848 and the Cronbach’s alpha coefficient

for each dimension ranged from 0.719 to 0.780. Two
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TABLE 1 General demography data (n = 502).

Factors Group n or M ± SD %

Age 65–74 344 68.5

75–84 142 28.3

≥85 16 3.2

Sex Male 197 39.2

Female 305 60.8

Education

level

Primary school and

below

261 52.0

Junior high school 208 41.4

Senior Secondary and

above

33 6.6

Family type Spouse 230 45.8

Spouse+ offspring 88 17.5

Solitary 75 14.9

Offspring 109 21.7

Work Part—time 35 7.0

Full—time 360 71.7

None 107 21.3

Functional

status

Walking

independently

348 69.3

Walking with assistive

device

154 30.7

Type of HFS THR(Total Hip

Replacement)

284 56.6

BHA(Bipolar Hip

Arthroplasty)

109 21.7

PFNA(Proximal

Femoral Nail

Anti-rotation)

79 15.7

(Open Reduction

Internal Fixation)

30 6.0

Comorbidity Present 154 30.7

None 348 69.3

Period of HFS

(months)

3–6 132 26.3

7–12 192 38.4

13–18 178 35.3

12.3± 5.2 35.6

weeks later, 30 participants were randomly selected for

retesting and the retest reliability for the translated

scale was 0.759. The split-half reliability of the scale

was 0.739.

3.5. Validity analysis

3.5.1. Content validity analysis
Seven experts in related fields were invited to assess the

content validity of the translated scale. The I-CVI of the

TABLE 2 Item analysis for Chinese version of the self-care scale for older

adults undergoing hip fracture surgery.

Item Critical
ratio

Correlation
coe�cient

between item
and total score

Cronbach’s
Alpha if item

delete

1 11.780 0.542 0.839

2 12.438 0.581 0.838

3 13.608 0.572 0.838

4 14.382 0.592 0.837

5 8.457 0.446 0.845

6 15.487 0.629 0.835

7 14.973 0.609 0.836

8 12.402 0.514 0.841

9 9.715 0.493 0.843

10 10.918 0.526 0.841

11 12.492 0.544 0.839

12 13.434 0.515 0.841

13 13.463 0.534 0.840

14 9.866 0.464 0.845

15 14.988 0.575 0.838

16 13.024 0.532 0.840

17 15.533 0.554 0.840

Chinese version of the HFS-SC was 0.857 to 1 and the S-CVI

was 0.932.

3.5.2. Exploratory factor analysis
In this study, the KMO value was 0.804 and the Chi-

square value of the Bartlett sphericity test was 1,668.585 (P <

0.001), indicating that the post-translated scale was suitable

for factor analysis. Five common factors with eigenvalues

> 1 were extracted based on the orthogonal rotation

of principal component analysis and maximum variance

method (Table 3), and 66.666% of the total variation was

explained by the 5-factor model supported by the scree plot

(Figure 1).

3.5.3. Confirmatory factor analysis
Based on the 5-factor structural model, the CFA was performed

using AMOS software according to the maximum likelihood

estimation (Figure 2). According to the Modification Index (MI),

the initial model was modified by adding two residual paths:

e1 and e14, and e4 and e14. After modification, the results

of each fitting index showed that the X2/df = 1.847, GFI

= 0.914, AGFI = 0.878, PGFI = 0.640, IFI = 0.932, TLI

= 0.912, RMSEA = 0.058, PNFI = 0.679, CFI = 0.931. All

fitting indexes of confirmatory factor analysis were within the

reference range.
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TABLE 3 Factor loadings of exploratory factor analysis for Chinese version of the self-care scale for older adults undergoing hip fracture surgery.

Factor
loading

Factor 1 (Functional
independence)

Factor 2

(Symptom
recognition and
management)

Factor 3

(Positive
mental health)

Factor 4

(Participation in and
support for social

activities)

Factor 5

(Safe environment)

1 0.769 – – – –

2 0.765 – – – –

3 0.748 – – – –

4 0.619 – – – –

5 – 0.804 – – –

6 – 0.781 – – –

7 – 0.757 – – –

8 – 0.757 – – –

9 – – 0.806 – –

10 – – 0.752 – –

11 – – 0.710 – –

12 – – – 0.847 –

13 – – – 0.837 –

14 – – – 0.615 –

15 – – – – 0.859

16 – – – – 0.837

17 – – – – 0.467

4. Discussions

4.1. The Chinese version of HFS-SC has
suitable application value

The rate of aging is increasing globally as both the global

economy and medical science grow. Fracture is now more

prevalently recognized as a public health issue that reduces older

adult/adults people’s quality of life and healthy life span. One of

the most dangerous fracture types is hip fracture. There is a lot

of concern because of its abrupt start, protracted persistence, and

high rates of disability and mortality (33). In China, the majority

of old people reside far from their children, making recuperation

more challenging and limiting their capacity to care for themselves.

According to studies, patients’ health can be considerably improved

and quick recovery can be facilitated by having effective self-care

abilities (20). Therefore, in order to achieve a healthy aging strategy,

researchers should give the target group of older adult/adults

hip fracture patients their undivided attention, promote self-care

knowledge, assist patients and their families in bettering their

disease awareness and daily behavior, and further improve the level

of self-care ability of older adult/adults hip fracture patients.

4.2. The Chinese version of the
questionnaire has suitable distinction

In accordance with the Brislin translation principles, experts

in related fields were invited to debug the first draft of the

translation (34). The preliminary and main survey showed that

the translated scale is clearly expressed semantically and easy to

understand. The Chinese version of the HFS-SC has 17 items

and 5 dimensions. As older people grow older, their ability to

discriminate declines. Fewer items, easier for the older adult/adults

to understand and answer. The older adult/adults were all able to

answer the translated scale accurately, and the actual completion

was good. Item analysis indicated that there was a high degree of

differentiation among the items of the Chinese version of HFS-SC,

and the items were highly correlated with the scale. The Cronbach’s

alpha coefficient for each item after deletion did not surpass the

original value. This indicates that all 17 items in the Chinese

version of the HFS-SC can be retained with good discrimination

(Table 4).

4.3. The Chinese version of the
questionnaire has suitable reliability

Reliability test is used to reflect the reliability of the scale

results (29). This study tested the scale from three aspects: internal

consistency reliability, split-half reliability, and retest reliability.

The results show that the Cronbach’s α coefficient of the Chinese

version of the HFS-SC is 0.848, the Cronbach’s α coefficient for each

dimension is 0.719–0.780, and the split-half reliability is 0.739. The

reliability of the retest after 2 weeks was 0.759 (35, 36). The scale has

good internal consistency and stability across time, and the scale

reliability is good.
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FIGURE 1

Screen plot of exploratory factor analysis for Chinese version of the self-care scale for older adults undergoing hip fracture surgery.

FIGURE 2

Standardized five-factor structural model of the self-care scale for older adults undergoing hip fracture surgery.

4.4. The Chinese version of the
questionnaire has suitable validity

Validity refers to the degree to which the thing to be measured

can be effectively measured by the measuring instrument. This

study mainly analyzes the validity of the scale from content validity

and structure validity. Content validity reflects whether each

item conforms to the purpose and requirement of measurement,

while structure validity reflects the degree of agreement between

the theoretical assumption and the actual measurement. The I-

CVI of the Chinese version of the HFS-SC was 0.857 to 1

and the S-CVI was 0.932, which were higher than the reference
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TABLE 4 The self-care scale for older adults undergoing hip fracture

surgery.

Factor Item

Functional independence I try to do my daily living by myself without any

help.

I take painkiller on prescription after checking the

pain intensity.

I try to be well-nourished.

I regularly work out on a daily basis.

Symptom recognition and

management

Continuous management is required for hip

fracture.

I know when to visit an emergency room.

I know what postures or exercises I have to avoid

after surgery.

I regularly visit the clinic to check my medical

condition.

Positive mental health I am careful for not falling again.

I try to manage my depression from the limitation

to move by myself.

I can deal with stress.

Participation in and

support for social

activities

I have a good relationship with family members,

friends and neighbors, and often meet with them.

I have a person who I can ask for help in need.

I currently participate in economic activity.

Safe environment I remove any objects that might obstruct the

pathway in order not to trip over.

I wear shoes with rubber sole that are easy to put

on.

I leave some lights on but not too bright to disturb

my sleep.

value of content validity, and the content validity was good

(37, 38). In this study, EFA showed that the Chinese version of

the 5-factor explained 66.666% of the total variance, the factor

attribution of all items was consistent with that of the original

scale (21, 36), and the factor loadings for each item were >0.4.

Ultimately, the Chinese version of the HFS-SC model was within

an acceptable range for all fitness indicators. In conclusion, the

Chinese version of the HFS-SC has appropriate content validity and

structural validity.

5. Limitations

There were some limitations in this study worthy of attention

and discussion. Due to the self-reported nature of this study, bias

was inevitable. Although the sample size met the study criteria, the

sample was limited to selected provinces in China and a multi-

center large sample study across China is needed. However, we did

not explore the factors that influence self-care after hip fracture in

older adults. Therefore, this is important for our next step.

6. Conclusions

After translation and cross-cultural adaptation, the self-care

scale for older adults undergoing hip fracture surgery has been

successfully introduced into China with good reliability and

validity. The Chinese version of the HFS-SC can be used to

assess the level of self-care of senior citizens in China following

hip fractures and to create educational initiatives and research

interventions, both of which are crucial for fostering healthy aging.
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Mediating effects of meaning in 
life on the relationship between 
family care, depression, and 
quality of life in Chinese older 
adults
Jing-Jing Zhou 1,2†, Yu Zhang 1†, Qing-Zhuo Ren 1, Ting Li 1,3, 
Gui-Ding Lin 4, Min-Yi Liao 5, Shao-Hua Chen 6, Pei Tong 1 and 
Yu-Lin Gao 1*
1 School of Nursing, Southern Medical University, Guangzhou, China, 2 School of Public Health and 
Management, Guangzhou University of Chinese Medicine, Guangzhou, China, 3 School of Health 
Management, Southern Medical University, Guangzhou, China, 4 Guangzhou First People’s Hospital, 
Guangzhou, China, 5 Liurong Community Health Service Center in Yuexiu District, Guangzhou, China, 
6 Jingxi Community Health Service Center in Baiyun District, Guangzhou, China

Background: The study explored sources of meaning in older adults and the 
action path among family care, meaning in life, quality of life, and depression.

Materials and methods: We investigated 627 older adults using the Sources of 
Meaning in Life Scale for the Elderly (SMSE), the Family Care Index (APGAR), the 
Center for Epidemiological Studies Depression Scale-10 (CES-D-10), and the 
EuroqOL-5 Dimensions (EQ-5D).

Results: Scores categorized 454 older adults with good family function, 99 with 
moderate, and 47 with severe family dysfunction; 110 older adults had depression. 
The structural equation model showed that family care affected the quality of 
life and depression by influencing meaning, and depression had a significant 
negative effect on the quality of life (P < 0.05). The model was a good fit for the 
data (χ2/df = 3.300, SRMR = 0.0291, GFI = 0.975, IFI = 0.971, TLI = 0.952, CFI = 0.971, 
RMSEA = 0.062).

Conclusion: Meaning in life is an intermediary factor that affects depression and 
quality of life in older adults. Family care had a significant positive impact on SMSE 
and a negative influence on depression. The SMSE effectively clarifies the sources 
of meaning in life and can be  used to improve meaning and promote mental 
health in older adults.

KEYWORDS

depression, sources of meaning, meaning in life, older adults, quality of life, successful 
aging

1. Introduction

The Seventh National Census (1) showed that China’s aging population reached 264 million 
in 2020, accounting for 18.7% of the country’s total population. The aging process is accelerating, 
and older adults’ physical and mental health requires attention. Older adults are prone to 
negative emotions, such as loneliness, depression, and even suicide (2). A systematic review and 
meta-analysis in 2022 showed that the global prevalence of depression in older adults was 28.4% 
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(3) and accounted for 36% of suicides in China (4). More than 100,000 
older adults die of suicide every year, and most were experiencing 
depression (5) and a decreased quality of life (QoL) because of 
weakness or disease in addition to depression. A 2010 study found 
that depression and health satisfaction mediated the indirect effect of 
the environment on QoL (6).

Social support is a heterogeneous concept, with multiple pathways by 
which it may influence mental and physical health. Social support 
promotes health by influencing both psychological and behavioral 
processes. For instance, relevant psychological pathways include stress 
appraisals, and behavioral pathways include health behavior change (7). 
Careful attention to these issues is needed when developing effective 
social support interventions. As a form of social support, family care also 
affects depression and quality of life. Frankl asserted that family care is a 
source of meaning in life (MIL). This unique ability of humans to perceive 
meaning can be  positively stimulated to help overcome suffering. 
Logotherapy was the first therapy designed for this purpose (8). 
Logotherapy has been adopted by mental health professionals across 
various theoretical orientations and involves influencing the construction 
of meaning in human health and behavior. There is growing evidence 
supporting the relationship between a sense of meaning and both 
psychological and physical wellbeing. Logotherapy awakens the MIL and 
guides people to respond to their circumstances, thus reducing depression 
and improving the quality of life (9). This study explored the relationship 
among four variables based on the theoretical framework of social 
support theory and logotherapy.

Meaning in life studies in older adults began in the 1980s and focused 
on the sense of meaning and its influence (10). Research showed that 
older adults’ MIL was influenced by many factors, including age, gender, 
cultural background, physical health, depression, loneliness, subjective 
wellbeing, experience, living environment, economic level, and 
interpersonal relationships (10, 11). MIL decreases with increasing age, 
and older adults with poor physical health are more likely to experience a 
sense of meaninglessness (11). Moreover, MIL can significantly affect 
physical and mental health and interpersonal intimacy (5). From the 
perspective of positive psychology, MIL helps to relieve loneliness, 
depression, and other negative emotions and improves subjective 
wellbeing and quality of life (12, 13). MIL also plays a role in promoting 
healthy aging and reducing the risk of death (10).

Researchers have not yet developed a unified MIL definition; 
research has focused on breadth and depth perspectives. In breadth, 
MIL is a multidimensional concept developed from various sources 
(10, 14). In previous studies, we developed a tool based on the breadth 
and depth perspectives of MIL regarding sources and levels of 
meaning for older adults (15). Studies showed that finding an 
individual’s sources of meaning can help boost MIL. Family care is 
also an important source of MIL for older adults and affects their sense 
of MIL. Family and social support can reduce the incidence of 
depression and alleviate depressive symptoms (16, 17). A randomized 
controlled trial on older patients with depression showed that 
reconstruction of meaning can reduce depression (18). Yang (19) 

indicated that older women mostly acquired MIL from family and 
belonging. Rong (20) concluded that the most important sources of 
meaning were material things and security, followed by family 
suffering, physical health, leisure, and life experience. Sources of 
meaning can actively promote MIL and shift an individual’s life 
attitude from negative to positive (21). Therefore, by integrating family 
support into older adults’ daily life and developing initiatives that 
promote healthy surroundings, such as social connectedness, 
co-residential living, and special care for those who are physically 
disabled, we can protect older adults against late-life depression (22).

Meaning in life is important for the quality of life; patients with a 
positive sense of MIL feel better, have more energy, and thus have a 
higher quality of life. MIL involves creating a connection between our 
inner depths and the outer world; finding a dream and all the hidden 
potentials and fighting to bring them out, which reflects the quality of 
life as life self-realization (23).

Successful aging refers to older adults’ abilities to manage the 
physiological, psychological, and social challenges of aging, where 
they achieve balance or an optimal state between self and environment 
(24). Mu (25) believed that the key to successful aging involves using 
the positive energy of “gain,” such as MIL, family care, and social 
support to balance the negative energy of “loss,” such as aging, 
declining health status, and an empty nest. “Gain” can play a protective 
role and help older adults succeed in aging. However, this view is still 
in the theoretical research stage and lacks empirical research in China. 
No relevant literature has analyzed pathways among the meaning of 
life, family care, depression, and quality of life.

Therefore, this study focuses on exploring older adults’ sources of 
meaning and the meaning obtained from each source and explores the 
MIL mediating effects on relationships between family care, 
depression, and quality of life in Chinese older adults. Based on the 
theoretical demonstration of successful aging, we hypothesized that 
family care promotes MIL in older adults, and thereby improves their 
physical and mental health.

2. Materials and methods

2.1. Procedures and participants

The Medical Ethics Committee of the Southern Medical 
University of Nanfang Hospital in China approved the study, and 
survey administration was conducted according to relevant guidelines 
and regulations. Participants provided voluntarily written informed 
consent and did not interact. Inclusion criteria were permanent 
residents of Guangzhou and aged 60 years or older. Exclusion criteria 
were mental illness diagnosis, a definite diagnosis of severe physical 
illness (including advanced cancer, heart, liver, and kidney failure), 
and declining to participate. The sample size was calculated according 
to the formula provided by Wu (26):

 

2

2
Uα

σ
δ

 
 = ×
 
 

n

Forty-seven older adults from the Community Health Service 
Center A were selected as participants in the preliminary 

Abbreviations: SMSE, Sources of Meaning in life Scale for the elderly; APGAR, 

Family Care Index; CES-D-10, Center for Epidemiological Studies Depression 

Scale-10; EQ-5D, EuroqOL-5 Dimensions; MIL, Meaning in Life; QoL, Quality 

of Life.
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investigation. The standard deviation σ was 40.418, tolerance error δ 
was 4 in the pre-survey, and the significance level α was 0.05, and 
considering a 10% sample loss rate, the sample size was estimated 
to be 433.

Data collection took place from June to September 2018. 
We administered a cross-sectional survey to 627 older adults from six 
sites using a convenience sampling method. Of these, 601 (95.9%) 
returned questionnaires were valid, including those from the 
Community Health Service Center A (139, 23.1%), Community Health 
Service Center B (95, 15.8%),  Hospital A (100, 16.7%), Hospital B (86, 
14.3%), Nursing Home A (44, 7.3%), and Nursing Home B (137, 
22.8%). There were 257 (42.8%) male and 344 (57.2%) female 
participants; 54 (9.0%) had religious beliefs and 543 (90.3%) had no 
religious beliefs; 164 (27.3%) lived alone and 435 (72.4%) lived with 
others; 374 (62.2%) had a spouse and 227 (37.8%) had no spouse or 
their spouse had died; 303 (50.4%) were local and 296 (49.3%) were 
non-local older adults; the average age was 77.04 ± 9.336 years, ranging 
from 60 to 100 years. Individuals’ data were anonymous and collected 
without identifiable personal information.

2.2. Instruments

A sociodemographic questionnaire gathered information on 
participants’ age [a continuous variable, dichotomized according to 
the division of older adults in China into young-old (60–80 years) and 
old-old (81–100 years)], gender, religious or not, living alone or not, 
educational attainment (no schooling, primary school, technical 
secondary school/junior high school, senior high school, junior 
college, and bachelor or above), marital status (single, divorced, 
widowed, and married), Guangzhou native or not, previous 
occupation, personal monthly income, self-perceived economic status, 
physical health status, degree of self-care, life satisfaction, personality, 
number of chronic diseases, disease burden, anxiety, loneliness, and 
view of life.

The Sources of Meaning in Life Scale for the Elderly (SMSE) (15) 
is based on the breadth and depth perspectives of MIL to identify the 
sources and level of meaning of older adults and is suitable for Chinese 
older adults. The questionnaire includes 28 items under six dimensions 
(family, personal development, social support, sense of value, leisure 
activities, and life security), and uses a 7-point Likert scale to measure 
MIL intensity from each source, ranging from 1 (absolutely not 
meaningful) to 7 (very meaningful). The total score in our sample 
ranged from 28 to 196 points, where higher scores reflected a stronger 
sense of MIL. Cronbach’s alpha was 0.924, and the six dimensions 
ranged from 0.727 to 0.870.

The Family Care Index Scale (APGAR) (27) includes five items 
that measure adaptation, partnership, growth, affection, and 
resolve, scored from 0 to 2 points; the total score is 0–10 points, 
where higher scores reflect a higher family care index. Scores from 
7 to 10 indicate good family function  4–6 indicate moderate family 
dysfunction; and 0–3 indicate severe family dysfunction. Moderate 
and severe family dysfunction reflects low family care, and good 
family function reflect high family care. Cronbach’s alpha in this 
study was 0.890.

The Center for Epidemiological Studies Depression Scale-10 Item 
Version (CES-D-10) (28) includes 10 items scored from 0 to 3, 

representing few or none, some days, half the time, and often or 
almost every day, respectively. The total score ranges from 0 to 30, 
where higher scores indicate more serious depression. A score of 10 
or above indicates a tendency toward depression. Cronbach’s alpha in 
this study was 0.794.

The EuroQol-5 Dimensions (EQ-5D) (29) include the EQ-5D 
health description system and EQ visual analog scale (EQ-VAS). 
The health description system includes five dimensions: self-care 
ability, daily activity capacity, pain or discomfort, anxiety, and 
depression. Each dimension is scored as no difficulty, some 
difficulty, and extreme difficulty. After conversion, the score ranges 
from −0.59 to 1.00. EQ-VAS is a vertical scale that expresses self-
conscious physical health status, from 0 points (the worst health 
status in mind) to 100 points (the best health status in mind). The 
scale is widely used in China. Cronbach’s alpha in this study 
was 0.822.

2.3. Statistical analysis

We used Epidata 3.1 to double-enter the data, and IBM SPSS 
Statistics 22.0 and AMOS Statistics 24.0 to analyze the data. 
Descriptive statistics were used to analyze general demographic 
variables. Median and quartile spacing M (P25, P75) were used to 
describe SMSE, APGAR, depression, and quality of life scores because 
the data did not conform to a normal distribution. Cronbach’s alpha 
coefficients were used to test each scale’s internal consistency 
reliability. We  used Spearman correlation analysis to measure 
relationships among SMSE, APGAR, CES-D-10, and quality of life. 
The Mann–Whitney U-test and the Kruskal–Wallis test were used to 
analyzing SMSE differences by demographics. We used structural 
equation modeling to analyze the relationships among MIL, family 
care, quality of life, and depression. P-values less than 0.05 were 
considered statistically significant.

3. Results

3.1. Participant characteristics

The median SMSE score was 166.00 (147.00, 179.00), ranging 
from 47 to 196, which was a high level. The repeated measure 
ANOVA showed that the family harmony and art hobby items had 
the highest and lowest scores, respectively (F = 330.429, P < 0.01). 
Dimension scores ranked from highest to lowest were life security, 
family, sense of value, social support, leisure activity, and personal 
development (F = 125.665, P < 0.01), as shown in Table 1. The median 
APGAR score was 9.00 (7.00, 10.00), and ranged from 0 to 10; 454 
(75.5%) participants had a good family function, 99 (16.5%) had 
moderate family dysfunction, and 47 (7.8%) had severe family 
dysfunction. Older adults with a low family care index accounted for 
24.3% of the sample. The median EQ-5D index was 0.796 (0.691–
1.000), ranging from −0.59 to 1. The median VAS was 70 (60, 80), 
ranging from 0 to 100. The median CES-D-10 score was 4.00 (1.00, 
8.00), ranging from 0 to 27; 110 participants were positive for 
depression (18.3%).
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3.2. Meaning in life’s effect on the 
association between family and depression 
or quality of life

Influencing SMSE factors are shown in Table 2.
Spearman correlation analysis showed that SMSE was negatively 

correlated with CES-D-10 (r = −0.316, P  <  0.01), and positively 
correlated with APGAR (r = 0.322), EQ-VAS (r = 0.266), age (r = 0.216), 
number of children (r = 0.090), and political party belief (r = 0.409, 
P < 0.05). In the non-parametric test and correlation analysis, variables 
that showed a significant impact on SMSE were the independent 
variables and the SMSE was a dependent variable for multiple stepwise 
linear regression analysis. Depression score, monthly income (≤1,000, 
1,001–3,000, 3,001–5,000, and ≥ 5,000 were assigned 1–4, 
respectively), religious belief (no and yes were assigned 0 and 1, 
respectively), personality (very pessimistic, pessimistic, general, 
optimistic, and very optimistic were assigned 1–4, respectively), and 
the APGAR were included in the regression equation (R2 = 0.325, 
adjusted R2 = 0.318) (Refer to Table 3).

We used AMOS 24.0 to test the mediating effect of MIL on family 
care and depression according to mediating steps (30). First, taking 
the family care index as an independent variable and depression as a 
dependent variable, the model’s standardized path coefficient was 
−0.322 (P < 0.01), indicating that family care had a significant negative 
predictive effect on depression. With family care index and SMSE as 
independent variables and depression as a dependent variable, MIL 
had a significant negative predictive effect on depression (β = −0.347, 
P < 0.01), family care had a significant positive effect on predicting 
MIL (β = 0.284, P < 0.01), and family care had a significant negative 
effect on predicting depression (β = −0.224, P < 0.01). This suggests 
that MIL has a partial mediating effect between family care and 
depression; the proportion of mediating effect in the total effect was 
30.6%. Model fitting indices were as follows: χ2/df = 3.769, 
SRMR = 0.0276, GFI = 0.977, IFI = 0.973, TLI = 0.952, CFI = 0.972, and 
RMSEA = 0.068, as shown in Table 4.

Similarly, we successively tested the mediating effect of MIL on 
family care and quality of life. The standardized path coefficient from 
family care to quality of life was 0.098 (P < 0.05), indicating that family 
care had a significant positive predictive effect on the quality of life. 
Next, family care and MIL were independent variables and quality of 
life was a dependent variable, and results showed that MIL had a 
significant positive predictive effect on the quality of life (β = 0.257, 
P < 0.01) and family care had a significant positive predictive effect on 
MIL (β = 0.284, P < 0.01), but family care did not predict the quality 
of life (β = 0.025, P  >  0.05), indicating that MIL has a complete 
mediating effect between family care and quality of life. The model 
fitting indices were as follows: χ2/df = 3.855, SRMR = 0.0295, 
GFI = 0.974, IFI = 0.968, TLI = 0.947, CFI = 0.968, and RMSEA = 0.069, 
as shown in Table 4.

Then, we explored the relationship among family care, SMSE, 
quality of life, and depression. Results showed that family care had a 
significant positive impact on SMSE (β = 0.283, P < 0.01), family care 
had a significant negative influence on depression (β = −0.224, 
P  <  0.01), SMSE had a significant negative effect on depression 
(β = −0.347, P < 0.01), SMSE had a significant positive influence on 
the quality of life (β = 0.092, P = 0.038), and depression had a 
significant negative impact on the quality of life (β = −0.410, P < 0.01). 
The model fitting indices were as follows: χ2/df = 3.300, SRMR = 0.0291, 
GFI = 0.975, IFI = 0.971, TLI = 0.952, CFI = 0.971, and RMSEA = 0.062, 
as shown in Table 4 and Figure 1.

4. Discussion

Participants’ high meaning score (166 [147, 196]) may be related 
to relatively high living security. Some participants were retired cadres, 
and some were from high-end or mid-to-high-end nursing homes. 
The dimension average scores’ high to low rankings (life security, 
family, sense of value, social support, leisure activity, and personal 
development, respectively) are consistent with Maslow’s hierarchy of 
needs (31). Participants’ meaning came first from the satisfaction of 
physiological needs and security safeguards, then they gradually 
sought higher meaning, such as love, belonging, and self-realization.

Of the survey respondents, 110 (18.3%) were positive for 
depression, which is higher than the reported depression rate in the 
Guangzhou community (10.8%) (32) and lower than that reported by 
Lu et al.’s (33) study of in-home care for older adults in the Yuexiu 
District, Guangzhou (23.5%). Depression has more negative effects on 
older adults, their families, and even society; it affects their health and 
cognitive function as an intermediary variable, aggravating the burden 
of family and society, and even leading to suicide and wounding 
behavior (5). Thus, depression in older adults needs attention.

Sources of Meaning in Life Scale for the Elderly scores were 
negatively correlated with depression and had a negative predictive 
effect on depression, indicating that older adults with a strong sense 
of meaning have lower depression levels, which is consistent with 
previous research (2, 34) showing that older adults with a strong sense 
of meaning have better physical and mental health, and that lack of 
MIL may lead to existential emptiness, which affects physical and 
mental health (2, 34). Moreover, mental health was closely related to 
physical health, interpersonal relationships, quality of life, life 
satisfaction, and life expectancy, which affect older adults’ successful 
aging (11). Positive psychology asserts that SMSE can help relieve 

TABLE 1 Score of the Sources of Meaning in Life Scale for the Elderly 
(N = 601).

Scores  
M (P25, P75)

Score 
ranges

Item 
average 

score   
M (P25, P75)

Total score 166.00 (147.00, 

179.00)

47–196 5.93 (5.25, 6.39)

Life security 26.00 (24.00, 

28.00)

12–28 6.50 (6.00, 7.00)

Family 25.00 (22.00, 

28.00)

4–28 6.25 (5.50, 7.00)

Sense of value 43.00 (38.00, 

47.00)

12–49 6.14 (5.43, 6.71)

Social support 24.00 (19.00, 

26.00)

4–28 6.00 (4.75, 6.50)

Leisure activities 29.00 (24.00, 

32.00)

5–35 5.80 (4.80, 6.40)

Personal 

development

22.00 (17.00, 

26.00)

4–28 5.50 (4.25, 6.40)
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TABLE 2 Demographic data and scores of SMSE in different groups.

Items n (%) Scores or mean 
rank

Z P

Family care High 454 (75.5) 169.00 (152.00, 182.00)a 6.565 *

Low 146 (24.3) 152.00 (133.00, 170.00)a

Depression or not Yes 110 (18.3) 152.00 (127.00, 170.00)a 6.166 *

No 491 (81.7) 168.00 (151.00, 180.00)a

Age group >80 255 (42.4) 172.00 (156.00, 184.00)a 4.995 *

≤80 346 (57.6) 161.00 (143.00, 176.00)a

Native or not Yes 303 (50.4) 164.00 (144.00, 178.00)a 2.352 0.019

No 296 (49.3) 168.00 (149.25, 182.75)a

Religious or not Yes 54 (9.0) 172.50 (159.00, 181.25)a 2.131 0.033

No 543 (90.3) 165.00 (147.00, 178.00)a

Gender Male 257 (42.8) 164.00 (143.50, 178.00)a 1.538 0.124

Female 344 (57.2) 168.00 (149.00, 180.00)a

Living alone or not Yes 164 (27.3) 165.50 (143.00, 178.75)a 0.684 0.494

No 435 (72.4) 167.00 (148.00, 179.00)a

Have a spouse or not Yes 374 (62.2) 167.00 (147.00, 178.00)a 0.315 0.753

No 227 (37.8) 166.00 (148.00, 179.00)a

Survey sites Community A 139 (23.1) 266.23b 41.088 *

Community B 95 (15.8) 289.18b

Hospital A 100 (16.6) 330.64b

Hospital B 86 (14.3) 257.03b

Nursing home A 44 (7.3) 403.00b

Nursing home B 137 (22.8) 338.48b

Family functions Good 454 (75.5) 327.42b 45.894 *

Moderate dysfunction 99 (16.5) 226.13b

Severe dysfunction 47 (7.8) 197.14b

Loneliness Seldom 473 (78.7) 320.03b 29.184 *

A few days 59 (9.8) 241.92b

Half the time 26 (4.3) 259.52b

Always 43 (7.2) 197.83b

Anxiety Always 63 (10.5) 339.97b 45.328 *

Occasionally 201 (33.4) 266.70b

Never 337 (56.1) 201.96b

Views on life Very imperfect 8 (1.3) 21.69b 154.135 *

A little imperfect 42 (7.0) 132.27b

Ordinary 152 (25.3) 229.20b

Perfect 272 (45.3) 322.43b

Very perfect 124 (20.6) 418.52b

Disease burden# No 335 (55.7) 279.07b 28.055 *

A little 96 (16.0) 231.90b

Moderate 36 (6.0) 193.57b

Heavy 36 (6.0) 185.31b

Very heavy 8 (1.3) 223.12b

(Continued)
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loneliness, depression, and other negative emotions, improve 
subjective wellbeing, and promote successful aging (12, 32).

The family care index was positively correlated with MIL, which 
is consistent with previous results (27). MIL is related to the 

environment in which good interpersonal relationships are an 
important source of meaning for older adults (35). Family care is the 
most important source of meaning; therefore, relationships with 
family members and family care can affect older adults’ MIL (21, 36).

TABLE 2 (Continued)

Items n (%) Scores or mean 
rank

Z P

Medical insurance Self-paying 24 (4.0) 231.42b 27.748 *

Medical insurance 353 (58.7) 275.39b

Government insurance 223 (37.1) 347.68b

Life satisfaction Very dissatisfied 5 (0.8) 127.30b 80.018 *

Dissatisfied 27 (4.5) 192.80b

Moderate 83 (13.8) 237.48b

Satisfied 314 (52.2) 278.80b

Very satisfied 171 (28.5) 393.00b

Personality Very pessimistic 3 (0.5) 86.00b 85.693 *

Pessimistic 21 (3.5) 158.62b

Ordinary 185 (30.8) 235.84b

Optimistic 276 (45.9) 314.68b

Very optimistic 115 (19.1) 401.99b

Degree of self-care Self-care 476 (79.2) 304.38b 2.235 0.327

Partly self-care 118 (19.6) 292.56b

Cannot self-care 7 (1.2) 213.57b

Physical health Very bad 29 (4.8) 206.48b 25.640 *

Bad 127 (21.1) 266.93b

Moderate 252 (41.9) 298.25b

Good 176 (29.3) 336.10b

Very good 17 (2.8) 394.18b

Economic status Comfortable income 177 (29.5) 362.68b 58.582 *

Roughly enough 223 (37.1) 310.12b

Moderate 154 (25.6) 251.58b

A little difficult 31 (5.2) 176.65b

Very difficult 15 (2.5) 181.93b

Monthly income ≤1,000 49 (8.2) 178.01b 49.309 *

1,001–3,000 76 (12.6) 248.84b

3,001–5,000 231 (38.4) 294.08b

≥5,000 244 (40.6) 347.27b

Previous occupation Manual labor 177 (29.5) 240.30b 39.473 *

Mental labor 391 (65.1) 332.38b

No 31 (5.2) 232.53b

Educational attainment No schooling 35 (5.8) 267.53b 21.337 *

Primary school 107 (17.8) 268.75b

Technical secondary school/ 

junior high school

204 (33.9) 283.68b

Senior high school 98 (16.3) 302.54b

Junior college 83 (13.8) 362.86b

Bachelor or above 74 (12.3) 340.07b

#Older adults with chronic diseases were surveyed; aScore; bMean rank; *P < 0.01.

140

https://doi.org/10.3389/fpubh.2023.1079593
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Zhou et al. 10.3389/fpubh.2023.1079593

Frontiers in Public Health 07 frontiersin.org

Family care was negatively correlated with depression. Depression 
rates were higher in older adults who live alone, have no spouse, and 
have low family care than in those who live with others and have 

spouses. Older adults who live alone have less communication with 
their families and lack family care. In addition, the death of a spouse 
can lead to negative emotions such as sadness and depression (37). 
The age gap and lack of communication with family members may 
also result in low family care for older adults. These results suggested 
that high levels of family care provide a protective factor for older 
adults’ mental health and reduce the incidence of depression. Many 
studies also showed that higher family care levels and social support 
reduce depression incidence and that peer support and social 
interaction can also alleviate depressive symptoms in older adults (16). 
Therefore, improving family care may reduce older adults’ 
depression incidence.

Sources of Meaning in Life Scale for the Elderly had a significant 
positive influence on the quality of life, which is consistent with 
previous results (38). A study of MIL and quality of life after recovery 
showed that MIL can promote motivation to exercise, which can lead 
to recovery and improve the quality of life. A rehabilitation study 
showed that logotherapy is the basis for many psychotherapies (22). 
This study’s findings may reflect the sense of MIL that can give people 

TABLE 4 Results of path analysis (N = 601).

Step Path Unstandardized 
coefficients

Standardized 
coefficients

S.E. C.R. P

1 Family care→Depression −0.443 −0.224 0.077 −5.784 *

Family care→Meaning in life 0.233 0.284 0.039 5.963 *

Meaning in life→Depression −0.837 −0.347 0.116 −7.191 *

2 Family care→Quality of life 0.162 0.025 0.272 0.594 0.553

Family care→Meaning in life 0.233 0.284 0.039 5.930 *

Meaning in life→Quality of 

life
2.034 0.257 0.386 5.269 *

3 Family care→Depression −0.444 −0.224 0.077 −5.798 *

Family care→Meaning in life 0.232 0.283 0.039 5.941 *

Meaning in life→Quality of 

life
0.728 0.092 0.351 2.072 0.038

Meaning in life→Depression −0.839 −0.347 0.117 −7.192 *

Depression→Quality of life −1.348 −0.410 0.134 −10.074 *

*P < 0.01.

FIGURE 1

Pathways among meaning in life, family care index, depression, and quality of life.

TABLE 3 Multivariate stepwise regression analysis of scores of the SMSE 
(N = 601).

Items B E β t P

Constant 112.463 6.618 16.992 *

Depression −1.176 0.196 −0.257 −6.002 *

Monthly 

income

6.518 1.066 0.221 5.775 *

Personality 5.958 1.289 0.194 4.622 *

Family care 1.509 0.380 0.160 3.968 *

Religious or 

not

12.762 3.301 0.145 3.867 *

*P < 0.01.
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a positive attitude toward life, a better social network, and thus a better 
quality of life.

As a mediating variable, MIL reduces the impact of low family 
support on depression in older adults, thus promoting their mental 
health and quality of life. The direct effect of MIL on quality of life was 
weak; quality of life was improved by reducing depression, which is in 
line with the theory of successful aging, where the “gain,” such as 
family care and MIL, can balance the “loss,” such as depression and 
low quality of life (25, 39). Research showed that MIL was an 
important factor affecting the quality of life in older adults left behind 
in rural areas (40). In addition, older adults with a strong sense of MIL 
tend to have more sources of meaning and a higher sense of value and 
happiness (31). In this study, older adults with a higher level of family 
care also had a higher MIL from family and tended to be  more 
optimistic and open-minded, resulting in a lower incidence of 
depression and a better quality of life. Therefore, family members 
should give more care to older adults. However, in the 21st century, 
when young people’s work pressure is increasing sharply, some older 
adults may not receive good family care. Therefore, we  need to 
stimulate other senses of MIL to stimulate older adults’ interest in 
creating value, or experiencing the meaning of suffering. In addition, 
the SMSE can help primary health workers quickly identify sources of 
meaning for older adults, improve their MIL, promote their mental 
health, improve their quality of life, and help them achieve 
successful aging.

We found that more optimistic older adults with higher monthly 
incomes had higher SMSE scores, which is consistent with other 
studies (35). In this study, the high monthly income provided certain 
material and security comforts to older adults, which can affect their 
MIL to a certain extent. Optimistic and open-minded older adults face 
hardships and calmly accept reality, have interests and hobbies, and 
are more willing to communicate with others, further boosting their 
MIL. SMSE scores of participants with religious beliefs were higher 
than those of non-religious participants, because they regularly 
participated in religious activities, communicated more with others, 
received more social support, and realized the meaning of life from 
religious teachings.

We can implement targeted measures to enhance the meaning 
of life by identifying MIL sources in older adults. For life security, 
governments can further implement social welfare security policies. 
Moreover, increasing the intensity of medical insurance 
reimbursement, simplifying the process of medical treatment and 
reimbursement, enhancing material security, and improving the 
sense of gain and security can improve MIL in older adults. To 
improve family and social support, family members should 
strengthen communication with older adults, get along well with 
them, provide emotional and material support, and encourage them 
to participate in social activities and communicate with others. In 
addition, volunteers from the government and social organizations 
could accompany older adults to help them experience love and 
care. To improve a sense of value, corresponding posts can 
be  provided according to their health to reflect their value. For 
example, encourage older adults to participate in volunteer 
activities, where the volunteer time can be deposited into a “time 
bank” for them to withdraw volunteer services when they need 
them. Providing equal employment opportunities for older adults 
and tapping their productivity can relieve social pressure and allow 

them to be active. They could also be encouraged to participate in 
community or nursing home construction by caring for flowers, 
plants, and vegetables to enhance their sense of value and meaning. 
The lives of older adults could also be improved by providing leisure 
activities, entertainment facilities, and physical exercise facilities in 
communities or parks, and encouraging them to attend parks and 
other beautiful and pleasant places to exercise, enrich their leisure 
life, and reduce the impact of loneliness, depression, anxiety, and 
other negative emotions, so that they can enjoy their old age 
healthily and happily. To enhance personal development, 
community education should be strengthened and corresponding 
learning classes should be established according to older adults’ 
needs. Local governments should attach importance to the 
education of older adults and focus on solving issues regarding 
fewer universities and enrollment. We  should strengthen the 
construction of universities and community training institutions 
for older adults, and provide equipment and financial support. 
We should also encourage high-quality, professional, caring, and 
enthusiastic teachers to join in providing education for older adults, 
and improve the welfare of teachers who provide education for 
older adults. Moreover, we should provide rich educational content 
for them and add new technologies, such as health regimens, 
healthcare, computer, finance, financial management, mobile phone 
use, and traffic safety. We should broaden education channels for 
them, adopt modern educational means, such as multimedia and 
networks, and rely on “Internet Plus” to allow more older adults to 
enjoy education.

Our study has limitations. The convenience sampling method 
may limit the representativeness of this study’s sample. Future 
studies could use a multi-center stratified random sample to 
increase the representativeness and the universality of the research 
results. Moreover, we verified only one mediating variable, and the 
mediating effect of MIL accounts for only part of the total effect. 
Future research should explore other potential mediating variables 
related to MIL.

5. Conclusion

This study used the SMSE to measure sources and levels of MIL 
in Chinese older adults. Findings show that the level of MIL was high 
in older adults from Guangzhou, and influencing factors included 
depression, monthly income, personality, and family support. MIL 
partially mediated the relationship between family care and 
depression and completely mediated the relationship between family 
care and quality of life. Depression has a significant negative impact 
on the quality of life. Many factors influence MIL in older adults; 
we  can improve their sense of meaning by improving their life 
security, increasing their sense of gain, promoting family care and 
social support, and identifying sources of meaning, to promote 
successful aging in the future.
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Objective: This study aimed to evaluate the awareness rate of prostate-specific

antigen (PSA) among the general public in China and provide data about prostate

cancer (PCa) for related scientific research.

Methods: A cross-sectional survey of PSA awareness was conducted in multiple

regional populations using an online questionnaire. The questionnaire included

basic information, knowledge about PCa, the awareness rate and application of

PSA, and future expectations toward applying PSA screening in clinical practice.

The study applied the methods of Pearson chi-square analysis and Logistic

regression analysis.

Results: A total of 493 valid questionnaires were included. Two hundred and

nineteen respondents (44.4%) were males, and 274 (55.6%) were females. Of

all respondents, 212 (43.0%) were under 20 years old, 147 (29.8%) were 20–

30 years old, 74 (15.0%) were 30–40 years old, and 60 (12.2%) were over 40

years old. There are 310 people (62.9%) with medical educational background

and 183 (37.1%) without. One hundred eighty-seven (37.9%) of the respondents

were aware of PSA, and 306 (62.1%) were unaware of PSA. Statistically significant

di�erences were obtained between the two groups regarding di�erent ages,

educational backgrounds, occupations, departments, and habits of knowing

medical knowledge (all p < 0.05). In addition, the di�erences between the group

of aware of PSA (AP) and the group unaware of PSA (UAP) in terms of whether

they had been exposed to PSA screening and whether they had exposure to PCa

patients or related knowledge were also observed (all p < 0.05). Age ≥30 years,

medical educational background, understanding of medical knowledge, exposure

to PCa patients or related knowledge, exposure to PSA screening, and status

as a graduate student and above were independent factors for the occurrence

of PSA awareness events (all p < 0.05). In addition, age ≥ 30 years, medical

educational background, and awareness of PSA were independent factors for

future expectations toward PSA (all p < 0.05).

Conclusions: We first analyzed the public awareness of PSA. Cognition degrees

of PSA and PCa awareness vary among di�erent populations in China. Therefore,

we should designate corresponding widespread scientific educational programs

for di�erent populations to increase the awareness rate of PSA.
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Introduction

Prostate cancer is the secondmost commonly diagnosed cancer

and the fifth leading cause of cancer death among men worldwide,

with an estimated 1,414,000 new cancer cases and 375,304 deaths in

2020 (1–3). Although China is still an area with a lower incidence of

PCa compared with developed countries such as the United States,

the morbidity and mortality of PCa in China have shown a

significant rapid increase in the last decade (2, 4, 5). Therefore,

it poses a more significant threat to men’s health and increases

society’s economic burden. On the other hand, assuming that PCa

could be diagnosed and treated at early stages, the prognosis of the

disease will be well-improved (5, 6), and the disability andmortality

rates are expected to be reduced.

In recent years, the incidence of PCa has increased significantly

while the mortality rate is decreasing, which was associated with

the increased usage of prostate tumor markers (PSA) in diagnosing

PCa (3, 7, 8). Studies have shown that since prostate-specific

antigen (PSA) is applied to clinical practice, the detection rate

of localized PCa has increased significantly (9). In contrast, the

proportion of high-risk PCa discoveries has decreased. Therefore,

it indicates that PSA screening is essential for early detection and

diagnosis of PCa, which can reduce the morbidity and mortality

of advanced PCa through early treatment. PSA is a chymotrypsin-

like acting glycoprotein secreted by prostate columnar epithelium

and glandular duct epithelium, which has been widely used for

PCa screening (10, 11). In the physiological state, PSA mainly

exists in cells and has a lower concentration in the serum. While

in pathological states such as PCa and prostatitis, PSA is released

from the cell to the serum so that its increasing concentration in

the serum can provide a reference for disease diagnosis (6). Studies

have shown that the screening and diagnosis efficiency of PCa

was optimal when the PSA levels ranged from 4 to 20 ng/mL (5).

Generally, the higher the serum concentration of PSA, the more

likely prostate cancer is present (6).

A key to improving the early diagnosis of prostate cancer is

to increase public awareness of PSA. Elevated awareness of PSA

will promote public understanding of the significance of PSA

screening and prompt them to undergo this test, thus further

facilitate the early diagnosis and treatment of cancer. Furthermore,

the prerequisite of popularizing PSA screening is elevating the

cognitive level of PSA among the general public. The science

popularization toward PSA screening can be carried out on this

basis to promote the development of clinical prevention of PCa.

Therefore, the survey aimed to assess the awareness of PSA, future

expectations, and the factors impacting people’s awareness rate of

PSA among the general public in China through the form of a

questionnaire and provide a scientific basis for the promotion of

PSA screening and reference for the popularization of prevention

and treatment of PCa.

Materials and methods

Respondents

An online questionnaire survey was randomly conducted

among people of different ages in multiple regions of China,

covering people in various fields to ensure the diversification

of respondents. Nationwide, respondents who consented to

participate were included in the study. The respondents were from

the following geographical regions: Fujian, Liaoning, Shandong,

Beijing, Shanghai, Jiangxi, Anhui, Hubei, Hong Kong, Jilin, Jiangsu,

Gansu, Hunan, Hebei, Yunnan, Shanxi, Guizhou, Guangdong,

Tianjin, Heilongjiang, Sichuan, and so on, covering both rural and

urban areas of multiple provinces with a high prevalence of PCa

nationwide. Studies have shown that the incidence of PCa in rural

areas is higher than in urban areas (12). Therefore, we also included

respondents from rural areas of the provinces in our study. In

summary, it shows that the valid information obtained from the

questionnaire in this study is representative, scientific, and national.

Questionnaire

A cross-sectional survey design was conducted in this study.

According to whether the educational background is relevant to

healthcare, the survey divided the population into three groups:

cohorts without medical educational background (C-withoutME),

cohorts with a medical educational background but without

clinical practice (C-withoutCP), cohorts with medical educational

background and clinical practice (C-withCP). In addition, different

populations can be divided into the AP group (aware of PSA) and

the UAP group (unaware of PSA). Based on the characteristics of

various cohorts, three targeted observation contents were designed

and integrated into a comprehensive questionnaire suitable for

the three groups through WENJUANXIN (https://www.wjx.cn/),

an effective online questionnaire instrument (13). There are four

parts of the questionnaire: (a) basic information (including gender,

age, educational background, region, etc.); (b) information about

PCa (including whether respondents have a habit of learning

medical knowledge, whether respondents know PCa, whether

respondents have been exposed to PCa patients, etc.); (c) awareness

of PSA and its application (including whether respondents know

PSA and its clinical significance, whether respondents have been

exposed to PSA screening, whether respondents understand the

significance of PSA, etc.); and (d) respondents’ future expectations

for the application of PSA screening in clinical practice (including

whether respondents recognize the necessity of increasing the

PSA screening rate, whether respondents hold the point that it

is necessary to popularize the prevention and treatment of PCa

and increase the public attention to PSA screening and whether

respondents are interesting to learn about the scientific knowledge

of PSA, etc.).

The questionnaire was distributed through theWENJUANXIN

website. The purpose and significance of this survey were explained

to respondents at the beginning of the questionnaire. Respondent’s

personal information was promised to be retained and used

only for this study. Under the premise of guaranteeing the

principle of informed consent for respondents, questionnaires

were completed and submitted by respondents on the website

of WENJUANXIN. This survey strictly adhered to the principle

of informed consent. It was performed from March 20, 2022,

to May 27, 2022. Each mobile phone ID can be filled in only

once, ensuring the non-repeatability of the survey results. Simple
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commonsense questions were included in the questionnaire to

ensure the validity of the information collected. Only responses

that correctly answered commonsense questions were valid. The

questionnaire took 4–6min to complete, and only the successfully

submitted questionnaires were collected.

Data analysis

All detailed data were exported through the WENJUANXIN

website. Four hundred and ninety-three questionnaires remained

after eliminating four invalid questionnaires. The filtered Excel

files were imported directly into SPSS 26.0 for data entry. SPSS

26.0 was used to analyze the data and make a general statistical

description of the obtained data. Counting data were expressed as

a percentage (%), and the chi-square test was performed between

groups. A p-value < 0.05 was considered significant. A logistic

regression analysis was performed to explore the factors impacting

people’s awareness rate of PSA. The logistic regression analysis

results were presented as an odds ratio (OR) and a 95% confidence

interval (CI).

Results

General information

A total of 497 online questionnaires were returned, of which

493 were valid. Two hundred and nineteen respondents (44.4%)

were males, and 274 (55.6%) were females. Of all respondents,

212 (43.0%) were under 20 years old, 147 (29.8%) were 20–30

years old, 74 (15.0%) were 30–40 years old, and 60 (12.2%) were

over 40 years old. There are 310 people (62.9%) with medical

educational background and 183 (37.1%) without. In addition, 187

people (37.9%) were aware of PSA, and 306 (62.1%) were unaware

of PSA.

The chi-square test revealed no statistically significant

difference between the AP group and the UAP group in terms of

different genders (p > 0.05). However, there was a statistically

significant difference (p < 0.05) between the AP and UAP group

in terms of different ages and different educational backgrounds

(Table 1). The logistic regression analysis showed that age ≥ 30

years and medical educational background were the independent

factors impacting people’s awareness rate of PSA. The relations

were statistically significant (all p < 0.05; Table 1).

In this study, people who believe that it is necessary to

incorporate PSA screening into routine physical examinations

of the middle-aged and elderly groups, to carry out universal

education on PCa and the knowledge about PSA in public, to

improve medical practitioners’ attention to PSA, and to learn about

PCa and PSA in the later stage were considered to have high

expectations for the prospect of PSA, regarded as an acceptance

and willingness to learn more about the knowledge of PSA. For

all populations, there was no statistically significant difference

between the two groups with different PSA future expectations

regarding different genders (p > 0.05). However, there were

statistically significant differences between the two groups with

different PSA future expectations in terms of different ages,

different educational backgrounds, and different PSA awareness

(all p < 0.05; Table 2). Furthermore, the logistic regression analysis

showed that age ≥ 30, medical educational background, and

awareness of PSA were independent factors impacting people’s

future expectations of PSA, and the relations were statistically

significant (all p < 0.05).

Cohorts without a medical educational
background (C-withoutME)

There were 183 respondents in C-withoutME. Eighty-four

(45.9%) respondents were males, and 99 (54.1%) were females.

There were 131 people under the age of 20 (71.6%), 41 people

aged 20–30 (22.4%), three people aged 30–40 (1.6%), and eight

people over 40 years (4.4%). Twelve people (6.6%) had a high

school or equivalent education, and 171 (93.4%) had a bachelor’s

degree or equivalent education. The number of people who knew

about PCa was 138 (75.4%), while 45 (24.6%) didn’t. Regarding

the awareness of PSA, 12 (6.6%) said they were aware of it,

and 171 (93.4%) said they were unaware. One hundred people

(54.6%) had the habit of understanding medical knowledge in

ordinary times, and 83 people (45.4%) didn’t. Ten (5.5%) people

have been exposed to PCa patients, and 173 (94.5%) have not

been exposed.

For C-withoutME, there was no statistically significant

difference (p > 0.05) between the AP group and the UAP group in

terms of different genders, ages, educational degrees, and whether

or not they had heard of PCa. However, there were statistically

significant differences between the AP group and the UAP group

regarding whether or not they had habits of understanding medical

knowledge and whether or not they had contact with PCa patients

(p < 0.05). In addition, the results of logistic regression analysis

showed that the habit of understanding medical knowledge and

exposure to PCa patients were independent factors impacting the

PSA awareness rate among C-withoutME, and the relation was

statistically significant (p < 0.05; Table 3).

Cohorts with medical educational
background (C-withME)

There were 310 respondents in C-withME, including 220

respondents who had yet to engage in healthcare and 90 who

had engaged in healthcare. One hundred and thirty-five (43.5%)

respondents were males, and 175 (56.5%) were females. One

hundred and eighty-seven (60.3%) were under the age of 30, and

123 (39.7%) were over the age of 30. The awareness rate of PSA

was 56.4%.

For C-withME, there were statistically significant differences

between the AP group and the UAP group in terms of different ages,

genders, and educational degrees (p< 0.05). In addition, the results

of logistic regression analysis showed that males, age≥ 30 years old,

graduate degree or above, and already engaged in healthcare are

independent factors impacting the people’s awareness rate of PSA,

and the relations are statistically significant (p < 0.05; Table 4).
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TABLE 1 Chi-square test and logistic regression analysis of PSA awareness rate.

Variables Number Chi-square test Logistic regression analysis

X
2

P OR 95% CI P

Gender (male/female) 219/274 3.44 0.06

Age (<30/≥30 years old) 359/134 137.35 <0.001 13.82 8.47–22.56 <0.001

Educational background (unrelated/related to healthcare) 310/183 121.67 <0.001 18.47 9.87–34.58 <0.001

TABLE 2 Chi-square test and logistic regression analysis of PSA future expectations.

Variables Number Chi-square test Logistic regression analysis

X
2

P OR 95% CI P

Gender (male/female) 219/274 0.67 0.41

Age (<30/≥30 years old) 359/134 47.46 <0.001 4.82 3.01–7.72 <0.001

Educational background (unrelated/related to healthcare) 310/183 35.56 <0.001 3.12 2.13–4.56 <0.001

PSA awareness (unaware/aware) 306/187 58.32 <0.001 4.64 3.09–6.98 <0.001

Cohorts with a medical educational
background but without clinical practice
(C-withoutCP)

There were 220 respondents in C-withoutCP. One hundred

and twenty-five (56.8%) respondents in this group were female,

and 95 (43.2%) were male. There was 81 people under the age

of 20 (36.8%), 80 people (36.4%) aged 20–30 years, 36 people

(16.4%) aged 30–40 years, and 23 people over 40 years old

(10.4%). One hundred and seventy-five (79.5%) respondents were

undergraduates or equivalent, and 45 (20.5%) were postgraduates

and above. One hundred and three (46.8%) respondents were

exposed to knowledge or cases related to PCa, and 117 (53.2%) were

not. One hundred (45.5%) respondents were aware of PSA, and 120

(54.5%) were unaware.

For C-withoutCP, there were statistically significant differences

between the AP group and the UAP group in terms of gender,

age, degree, and whether they had been exposed to knowledge

about PCa (p < 0.05; Table 5). Logistic regression analysis showed

that males, age ≥ 30 years old, exposure to knowledge about PCa,

and status of graduate student and above were the independent

factors impacting people’s awareness rate of PSA with statistically

significant differences (p < 0.05; Table 5). In addition, the results of

the logistic regression analysis showed that exposure to knowledge

about PCa, the status of graduate students and above, and

higher awareness of the clinical diagnosis stage of PCa were

independent factors impacting people’s future expectations of PSA

with statistically significant differences (p < 0.05; Table 6).

Cohorts with medical educational
background and clinical practice
(C-withCP)

In this study, 90 respondents were already engaged in

healthcare. Among these 90 respondents, 50 were females (55.6%),

and 40 were males (44.4%). Twenty-six (28.9%) were 20–30 years

old, 35 (38.9%) were 30–40 years old, 15 (16.7%) were 40–50 years

old, and 14 (15.6%) were over 50 years old. Thirty-five (38.9%)

respondents jobs are related to urology, and 55 (61.1%) aren’t. Fifty-

two (57.8%) respondents had been exposed to PSA screening, and

75 (83.3%) respondents knew about PSA.

For C-withCP, there was no statistically significant difference

between the AP group and the UAP group in terms of gender

(p > 0.05; Table 7). However, there were statistically significant

differences between the AP group and the UAP group in

terms of different departments and whether they had been

exposed to PSA screening (p < 0.05; Table 7). Furthermore,

logistic regression analysis showed that departments related to

urology and exposure to PSA screening were the independent

factors impacting people’s awareness rate of PSA with statistically

significant differences (p < 0.05).

Discussion

Early diagnosis and treatment of PCa can effectively improve

the prognosis of the disease and patients’ quality of life. Therefore,

the research on PSA, a tumor marker for PCa, plays a crucial role

in improving public health (5). Unfortunately, there have been very

few studies on the awareness rate of PSA among Chinese residents

in the past. In this study, we conducted a nationwide survey on

the PSA awareness rate and analyzed the influencing factors with

493 samples. Although this study had some limitations, it still has a

guiding significance for widespread scientific educational programs

of PCa knowledge, which is representative and referential.

The results of this study indicate that the awareness rate

of PSA among the general public in China is at a low level.

Differences between the AP group and the UAP group in

terms of age, educational backgrounds, occupation, degree, the

habit of knowing medical knowledge, exposure to PCa patients,

exposure to knowledge about PCa, and exposure to PSA screening

vary significantly. However, there were no significant differences

between the AP group and the UAP group regarding gender and

whether they had heard of PCa. The awareness rate of PSA is higher
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TABLE 3 Chi-square test and logistic regression analysis of PSA awareness in C-withoutME.

Variables Number Chi-square test Logistic regression analysis

X
2

P OR 95% CI P

Gender (male/female) 84/99 0.80 0.37

Age (<30/≥30 years old) 172/11 2.58 0.11

Degree (high school and below/college and above) 12/171 <0.001 1.00

Medical knowledge understanding habits (no/yes) 83/100 7.10 <0.01 10.14 1.28–80.24 <0.05

Ever heard of prostate cancer (no/yes) 45/138 0.10 0.78

Ever exposed to a prostate cancer patient (no/yes) 173/10 5.87 <0.05 7.81 1.73–35.35 <0.01

TABLE 4 Chi-square test and logistic regression analysis of PSA awareness in C-withME.

Variables Number Chi-square test Logistic regression analysis

X
2

P OR 95% CI P

Education Bachelor’s degree or equivalent 175 85.25 <0.001 - - -

Graduate student and above 45 20.15 6.89–58.96 <0.001

engaged in the healthcare 90 9.83 5.20–18.58 <0.001

Gender (male/female) 135/175 5.12 <0.05 1.69 1.07–2.66 <0.05

Age (<30/≥30 years old) 187/123 69.34 <0.001 9.75 5.45–17.43 <0.001

among older people who are engaged in healthcare, who have the

habit of understanding medical knowledge, who have been exposed

to PCa patients, related knowledge or PSA screening, and who

have a graduate degree or above. Older people who are engaged

in healthcare, know PCa more comprehensively, and are aware of

PSA prefer to learn about PSA. Age is the most influential factor

in the PSA awareness rate and the PSA awareness rate is increasing

significantly with age.

Among all respondents in this study, only 37.9% knew PSA

and 62.1% did not. What’s worse, the awareness rate of PSA

among C-withoutME is only 6.5%, which is much lower than the

overall awareness rate of PSA. It is prompted that health education

on the prevention and treatment of PCa is still inadequate in

China (14). A survey from Italy showed that the awareness

rate of PSA among men in southern Italy is as high as 72.2%

(15). A survey from Spain showed that the PSA awareness rate

of the population reached 54.7%, and the PSA screening rate

was 35.19% (16). However, the PSA awareness rate among C-

withME is only 56.4% in China, which shows that even for C-

withME, the PSA awareness rate is not optimistic. It suggests

that there is still a significant gap in the PSA awareness rate

between China and developed countries such as the United States.

Moreover, there is a lack of scientific education on PCa for medical

staff, and even more among non-medical personnel. Therefore,

corresponding widespread scientific educational programs should

be implemented soon.

Differences between the AP group and the UAP group in

terms of age, educational backgrounds, occupation, degree, the

habit of knowing medical knowledge, exposure to patients with

PCa, exposure to PCa knowledge, and exposure to PSA screening

vary significantly.C-withME have significantly more exposure to

knowledge about prostate in their life than C-withoutME, so their

PSA awareness rates are significantly higher. Older men account for

the most significant proportion of PCa cases. Studies have shown

that the incidence of PCa in China is low up to 60 but increases

significantly and exponentially after 60, with a peak after 80 (9).

The older the male is, the higher the risk of prostate cancer. PSA

awareness increases with age due to more exposure to prostate

knowledge, perhaps more so in men than women. However,

surprisingly we found there was no significant difference between

the AP group and the UAP group in terms of gender, which may

be related to the fact that the age group of 493 samples was mainly

focused on youth with a smaller sample size of middle-aged and

older men, making it challenging to derive differential statistical

analysis results. This survey showed no statistical difference

between the AP group and the UAP group regarding whether they

had heard of PCa, indicating that the science popularization of PCa

is still at a superficial level to a certain extent. To achieve the goal of

cancer prevention and treatment, increasing the breadth and depth

of science popularization is necessary.

Older people who are engaged in healthcare, know prostate

cancer more comprehensively and are aware of PSA, prefer to learn

about PSA. The future expectation of PSA is higher with increasing

awareness of PCa. Studies have shown that more knowledgeable

people are more likely to be screened for prostate cancer (17). In

this study, only 54.6% of people intended to know about PSA. In

comparison, 36.5% are unaware and unwilling to know about PSA,

suggesting that the future expectation of PSA among the population

is at a low level as a whole, and the science popularization

on prevention and treatment of PCa needs to be strengthened.

The high number of people who are unaware and unwilling to

know about PSA indicates that there is still a significant lack of

health education nationwide, which needs to be strengthened in

the future.
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TABLE 5 Chi-square test and logistic regression analysis of PSA awareness among C-withoutCP.

Variables Number Chi-square test Logistic regression analysis

X
2

P OR 95% CI P

Gender (male/female) 95/125 5.810 0.016 < 0.05 0.515 0.300–0.886 <0.05

Age (under 30/over 30 years old) 161/59 50.200 <0.001 12.333 5.630–27.020 <0.001

PCa knowledge (unexposed/exposed) 117/103 113.04 <0.001 37.218 17.352–79.831 <0.001

Degree (undergraduate or equivalent/graduate and above) 175/45 47.563 <0.001 20.153 6.889–58.955 <0.001

TABLE 6 Logistic regression analysis of PSA future expectations in C-withoutCP.

Variables B S.E. Wald χ2
P OR 95% CI

Prostate cancer

knowledge

Unexposed - - - - - - -

Exposed 1.171 0.293 16.007 <0.001 3.226 1.818 5.726

Degree Undergraduate or

equivalent

- - - - - - -

Graduate and above 1.337 0.418 10.202 <0.01 3.806 1.676 8.643

Awareness of the stages at

which PCa is diagnosed

Early stage - - - - - - -

Progress stage 1.269 0.467 7.368 <0.01 3.557 1.423 8.892

Late stage 1.447 0.496 8.499 <0.01 4.250 1.607 11.242

B, regression coefficient; S.E., standard error; Wald χ2 , the Wald test statistic calculated from the data to be compared with the χ2 distribution with 1 degree of freedom.

Studies have shown that the incidence rate and mortality of

PCa in young men aged < 40 years increased significantly (9).

Thus, it is worth noting that science popularization for young men

aged < 40 is the top priority of future science popularization.

Although the population with a high incidence of PCa is older men,

the scientific popularization of prevention and treatment of PCa

for young people and women still needs to be emphasized. After

improving the awareness rate of PSA among young people, the

PSA awareness rate of people at high risk can be improved through

the popularization by young people to the elders in the family,

which can increase effective disease screening. In China, family

members often dominate the clinical decision-making process

(18), which means that the implementation of patient medical

measures is closely related to the decisions of family members. Due

to their older age, lack of medical knowledge, and low level of

clinical cognitive decision-making, PCa patients are more willing

to negotiate with their families. Therefore, the younger generation

makes most of the family’s final clinical decisions (19). At the

same time, studies have shown that women can effectively improve

knowledge about preventing and treating PCa in men and play

a positive role in men’s screening intentions (20, 21). Moreover,

women are more willing to participate in decision-making that

can support and promote men’s health (20, 21). Therefore, it can

be seen that women and young people in the family play a key

role in clinical decision-making. Improving the PSA awareness

rate of women and the younger generation in the family can

effectively promote the PSA awareness rate and screening rate of

men at high risk. Therefore, it is necessary to include them in the

study. In a nutshell, this study provided scientific data for science

popularization among cohorts < 40 years old to promote PSA

screening in cohorts at high risk.

Improving the PSA awareness rate is one of the keys to

increasing the initiative of PSA screening in men at high risk.

The survey results showed that effective health education on the

prevention and treatment of PCa for men could significantly

increase their awareness of PSA screening (17). Furthermore,

effective science popularization is not only conducive to improving

the awareness rate of different people about preventing and treating

PCa, but also can improve the acceptance of PSA screening and

its importance. This can achieve the early detection, diagnosis, and

treatment of PCa, reducing the morbidity and mortality of PCa and

improving the survival rate and quality of life for PCa patients.

Studies have shown that the existing health education textbooks

in China support the current demand for health education

knowledge among the population (22). Judging from the current

situation in China, it is essential to carry out targeted, scientific, and

systematic prostate knowledge science popularization for people

with different academic levels, educational backgrounds, and

ages. Therefore, scientific education targeting medical personnel,

especially non-urologists, should be at the forefront. Furthermore,

studies have shown that physicians are one of the essential

sources of knowledge about PCa screening in the population (17),

and a more significant proportion of those who have received

PSA screening are recommended by physicians (15), it indicates

physicians’ recommendations are essential factors in promoting

PSA screening behaviors (23). Thus, it is crucial for medical

personnel, especially non-urologists, to master prostate cancer

prevention knowledge and to publicize it to accessible men < 40

years old or at risk.

The majority targets of science popularization on the

prevention and treatment of PCa should focus on cohorts < 40

years old in the future. With the development of the Internet era,
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TABLE 7 Chi-square test and logistic regression analysis of PSA awareness among C-withCP.

Variables Number Chi-square test Logistic regression analysis

X
2

P OR 95% CI P

Gender (male/female) 40/50 0.144 0.704 > 0.05

Department (unrelated/relevant to urology) 55/35 7.864 0.005 < 0.05 11.610 1.452–92.843 <0.05

Exposure to PSA screening (no/yes) 38/52 19.275 <0.001 29.750 3.695–239.557 <0.01

platforms such as Microblogs and WeChat public numbers occupy

a space in information diffusion and science popularization for

various knowledge (24), in addition to short video platforms such

as Auto Quicker and Tik Tok. Studies have shown that the primary

way for the public to access health information is through online

media (25). For cohorts < 40 years old, the main focus should be

on online publicity, with equal emphasis on both extensive and

in-depth popularization. At the same time, we should emphasize

science popularization for the elderly.

The science popularization for the elderly should consider the

particularity of the elderly group, with offline publicity as the

primary and online publicity as the auxiliary. Facing different

types of audiences, attention should be paid to health education

with targeting.

Governments and medical agencies can take various measures

to increase PSA awareness rate of the general public. First,

governments and medical agencies should strengthen the training

of professional personnel (25) so that more professionals can

devote themselves to the publicity of prostate cancer prevention

and treatment knowledge. In addition, governments and medical

agencies can strengthen science popularization by building official

online platforms. It is also feasible to strengthen the development

of authoritative science popularization programs on TV (25). Due

to the underdevelopment of the Internet and the difficulty of the

elderly in using mobile devices proficiently, science popularization

in rural areas should be based on offline publicity. Studies have

shown that community-based health education measures, such

as holding lectures and conducting symposiums, can effectively

improve knowledge about cancer and cancer screening behaviors

among the general public (22). Local charity organizations can

organize professional science popularization volunteer service

teams to conduct community publicity and science lectures. On top

of that, free clinics can also be conducted periodically by medical

agencies to provide science and health education to the elderly in

the community and enhance health concepts.

There are still some limitations in this study. Firstly, this

study is a cross-sectional survey, and the level of evidence is

relatively low. Secondly, the sample size was small. Although the

sample range covered several provinces in China, and the study

results could reflect the PSA awareness rate among the general

public, the proportion of individual provinces was large, and

the data were unevenly distributed. Besides, we did not conduct

a sample size design for sampling across the country, which

may lead to selection bias. In addition, although the age of the

samples in this study covered all age groups, we still had a more

significant proportion of young adults and a smaller proportion

of the elderly. The inability of older people to be proficient in

using mobile devices to fill out questionnaires may be one of

the reasons for this. However, this study aims to understand the

PSA awareness rate of young family members and then provide

scientific data for science popularization, thereby promoting PSA

screening in men at high risk in their families. Online surveys

may have participants casually answering questions due to reasons

like participant disinterest or survey fatigue, which may affect the

validity of the data. At the same time, online questionnaires cannot

provide timely help to participants who need help understanding

questionnaire questions, which is also a drawback of online

questionnaire research.

Conclusions

The PSA awareness rate in China is still low, with an even

lower awareness rate among C-withoutME. The PSA awareness

rate among medical personnel could be more optimistic. Age

and educational backgrounds are the main factors impacting

people’s PSA awareness rate. The rapid increase in the incidence

of PCa indicates that it is urgent to popularize the knowledge

about PCa among the whole society. At the same time, it

cannot be ignored that the science popularization goals should

focus on cohorts < 40 years old in the future. In addition,

we should build up well-established, robust, and community-

based scientific educational programs on preventing and treating

PCa with available resources for all ages and all people to

improve effective screening of men at risk. When conducting the

community-wide science popularization, the influencing factors

of PSA awareness rate should be combined with the influencing

factors of future expectations of PSA with careful consideration

to achieve targeted and scientific popularization, enhance self-

informed decision-making for PSA screening among men at

risk, and improve educational programs on PCa prevention

and treatment.
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needs among the rural adults in 
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Background: In rural China, there is now a huge gap between the supply 
and demand for old-age care. To close the gap, developing rural mutual old-
age services is extremely important. The purpose of this study is to clarify the 
relationship among social support, mutual support need, and mutual support 
willingness.

Methods: We conducted an online questionnaire survey using a Chinese Internet 
research company; 2,102 valid responses were received. The measures comprised 
the Social Support Rating Scale, the Mutual Support Willingness Questionnaire, 
and the Mutual Support Needs Scale. We  calculated Pearson correlations to 
explore the association of social support with mutual-support need and mutual-
support-need willingness. Multivariate analyses were also conducted using these 
factors as dependent variables.

Results: The total score for the mutual support need for the adults in rural areas 
was 58.0 ± 12.1 and 36.96 ± 6.40 for social support, approximately 86.8% of the 
participants were willing to participate in mutual support. Furthermore, mutual 
support needs were positively correlated with subjective support (p < 0.01) and 
support utilization (p < 0.01), but negatively correlated with willingness to support 
each other (p < 0.05). The need for mutual support was also associated with age, 
sex, education level, dissatisfaction with the current economic situation, health 
status, and so on.

Conclusion: It is necessary for government and health care providers to assess the 
different needs of rural older people and encourage individuals and organizations 
to provide mutual support for older people, especially to enhance emotional care 
for older people and improve their use of support. This is of great significance for 
developing mutual support services in rural China.
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1. Introduction

Over the past few decades, the population has begun to age 
rapidly, especially in China. According to data published by the 
National Health Commission, China entered an ageing society in 
2000, and by 2035, the country will have over 400 million people over 
the age of 60, entering a stage of severe ageing at a rapid rate (1). 
Among these old people, nearly 60% of the adults population is 
distributed in rural areas (2). As a result of China’s rapid urbanization, 
a large number of young people have moved to the cities, leaving an 
increasing number of adults people in the countryside. In addition to 
the increasing number of only children in China, the “four-two-one” 
family model (four older adult people, one couple, and one child) is 
more common, making it difficult for family members in urban areas 
to take care of the adults in rural areas. The traditional family care 
function of relying on children and relatives is weakened. Collectively, 
it is obvious that relying on family members and professional care is 
not enough to cater for the growing population of older people in 
rural areas. For this reason, China draws on the experience of other 
countries that have entered an aging society earlier to promote the 
mutual-support model in old age.

The mutual-support adults care service is designed with the help 
of the pension insurance system; that is, the unhealthy adults are 
cared for by non-adults people and young, healthy adults people 
other than family members (3). In the United Kingdom, mutual-
support adults care services are primarily provided through “time 
banking.” Members earn their time by serving others and deposit it 
in the time bank. When members need help, they draw time from 
the bank to receive services from others (4). In Germany, the 
government cooperates with universities to introduce university 
students to living in the homes of adults widows and orphans and to 
waive the rent, but the students are expected to help care for the 
adults (5). The “Villages” model is a membership-based mutual-care 
community popular in the United States (6). The model provides 
daily care and spiritual comfort to homebound members through 
voluntary services in the form of neighborhood mutual support and 
external service providers (7). The “neighborhood mutual-support 
network” is a feature of the Japan mutual-support model, which is 
aimed at people over 65 years of age living in urban communities, 
especially those who live alone or are widowed. The association 
organizes various activities such as neighborhood gatherings, fitness, 
and travel to exchange information, share experiences, relieve 
loneliness, and enrich themselves among members (8). A study from 
the US showed that supportive relationships maintain people’s 
mental health, and the absence of supportive relationships increases 
the risk of dying from a variety of illnesses (9). This is similar to 
other studies that have concluded that social support is positively 
associated with older people’s health, which is more pronounced in 
developing countries (10, 11). Yoh Murayama found that the mutual 
support of neighbors and families can be effective in improving the 
mental health of older people living alone with low economic status 
(12). Previous studies have shown that such transaction-based 
mutual support activities can connect social capital and social 
relationships and have a positive impact on improved physical and 
mental health and increased social intercourse among older people 
(13–15).

Previous Chinese studies conducted on the factors influencing 
the willingness and need for mutual support among the rural 

adults in China (16, 17). A survey of a poverty-stricken county in 
Hunan Province showed that the need for health services in mutual 
support need is highest for poor rural adults (18). A study from 
rural areas in 12 Chinese provinces shows that the higher the 
degree of social support, the stronger the willingness to participate 
in mutual support for the adults (19). Yao Keru (20) held that the 
rural older Chinese people are strongly influenced by traditional 
attitudes and are reluctant to leave the familiarity of their place of 
residence, yet traditional ways of caring are not meeting the needs 
of older people as family structures change, making them more 
aware of the importance of support from neighbors 
and communities.

Consequently, this article focuses on clarifying the association 
between social support, mutual support willingness, and mutual 
support needs in rural adults Chinese, particularly when the children 
do not often accompany. This study is intended to help inform efforts 
to rationally integrate social resources, develop mutual help services 
for the adults, and satisfy rural eldercare needs.

2. Methods

2.1. Participants

The participants were recruited from the residents’ health archive, 
which is part of China’s basic public health service projects and has a 
coverage rate of over 90%. We recruited participants from June 2021 
to December 2021  in four regions of Hunan Province, China: 
Changsha, Yueyang, Huaihua, and Hengyang. Participants included 
those with registered rural residence and those aged 60 and up who 
live in rural areas.

The electronic questionnaire was promoted and distributed to 
participants by volunteers from the rural community health centers 
via WeChat (a free application for instant messaging services on 
smart terminals). Volunteers provide paper questionnaires to 
participants who do not have internet access. Participants who are 
not educated or have difficulty completing the questionnaire on 
their own may have sought assistance from volunteers or family 
members. Electronic questionnaire data were collected and stored 
by Questionstar, a professional online questionnaire, evaluation, 
and voting website. The study was approved by the Ethics 
Committee of the University of South China, and all participants 
signed an informed consent form.

2.2. Measurements

2.2.1. Social support
The Social Support Scale (SSRS) was used in this study to assess 

the degree of social support of individuals. The SSRS consists of 10 
items and includes three dimensions: subjective support, objective 
support, and utilization of social support (21). The subjective 
support dimension has four items and is social support for the 
individual’s intrinsic emotional needs. The objective support 
dimension has three items and is the satisfaction of the individual’s 
material and physical needs. The degree of support use has three 
items and depends on how well the individual is able to use social 
support and feel satisfied in the crisis. For items 1–5 and 8–10 of the 
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scale, the options “none” scored 1, “very little” scored 2, “average” 
scored 3, and “full support” scored 4 points. For items 6 and 7, if the 
answer is “no source,” 0 points will be given, and if the answer is 
“yes source,” several points will be given for each source. As a widely 
used research tool for measuring social support in China, SSRS has 
good reliability and validity.

2.2.2. Mutual support willingness
To assess mutual support willingness, participants were asked one 

question (yes/no), “After understanding mutual care, are you willing 
to participate in mutual care?”

2.2.3. Mutual support needs
To measure an adults person’s mutual support needs in rural 

areas, we adopted a scale from a previous study on the mutual 
pension demand scale among the adults in the community (22). 
We obtained permission from the authors of the original scale to 
modify the wording of the items in order to better fit the situation 
of rural older adults. The modified scale has 18 items and includes 
4 dimensions: daily life care needs, health service needs, spiritual 
comfort needs, and entertainment and learning needs. Participants 
responded to the stem postulate, “Do you need…” using a 5-point 
Likert-type scale (5 = always, 4 = often, 3 = sometimes, 2 = rarely, 
1 = never). The total score was calculated by summing the item 
scores. Higher scale scores indicated a greater need for mutual 
support. The modified Mutual Aging Needs Scale for Older Adults 
in the Community was retested, and Cronbach’s alpha was used to 
confirm the reliability of the internal consistency of the instrument 
(α = 0.938). Confirmatory factor analysis (CFA) was used to test the 
construct validity of the instrument. The one-factor CFA model for 
the 18-item instrument showed that all fit indices were adequate 
(root mean square error of approximation = 0.084, comparative fit 
index = 0.907, goodness of fit index = 0.896, adjusted goodness of 
fit index = 0.862, and standardized root mean square 
residual = 0.059).

2.2.4. Demographic characteristics
The general information questionnaire includes factors of gender, 

marital status, education level, annual family income, child visit 
frequency, etc. There are 19 items in total. A descriptive analysis of the 
variables included in this study is shown in Table 1.

2.3. Statistical analysis

First, we conducted descriptive analyses of the characteristics of 
the adults. Second, bivariate analyses between the mutual support 
needs and other variables were carried out using the one-way analysis 
of variance (ANOVA), Welch’s t-test, and Spearman’s rank correlation 
coefficients. Lastly, the forced-entry method of multiple regression 
analysis was used to analyze the factors associated with the mutual 
support needs. We used the total mutual support needs score variable 
as the dependent variable. The independent variables were those 
significantly associated with mutual support needs in the bivariate 
analyses (including age and sex) (Table 2), social support, and other 
variables. Except for confirmatory factor analysis, which was carried 
out using AMOS version 26, all analyses were carried out using IBM 
SPSS Statistics 21.

3. Results

3.1. Characteristics of the participants

Among the 2,167 questionnaires distributed, 65 were excluded 
because of missing data on items. Ultimately, 2,102 cases were 
analyzed (total valid response rate: 97%). Table 1 summarizes the 
participants’ characteristics. 59.1% of the 2,102 study participants 
were between the ages of 60 and 70, 57.2% were female, and 43.7% 
could not or only partially care for themselves.

3.2. Distribution of responses on mutual 
support willingness and mutual support 
needs

Table  1 shows participation in mutual support willingness. 
Altogether, 1825 (86.8%) of the participants were willing to participate 
in mutual care after understanding the concept of mutual support; 277 
(13.2%) were not willing to participate in mutual support. Table 2 
shows the distribution of mutual support needs and social support 
and their correlations with mutual support needs. The average score 
on mutual support needs was 57.97 ± 12.10, and the average score on 
social support was 36.96 ± 6.40. The correlations between mutual 
support needs and the four mutual support dimensions ranged from 
0.71 to 0.87; the highest correlation (0.87) was found for the spiritual 
comfort dimension. The correlation between mutual support needs 
and mutual willingness was −0.092; all correlations between mutual 
support needs and social support were significant, except for 
objective support.

3.3. Factors related to the mutual support 
need

3.3.1. Bivariate analyses
The association of each independent variable with mutual support 

needs was examined in a bivariate analysis. The results are shown in 
Tables 1, 2. Higher scores on the mutual support need score were 
associated with older age (p < 0.001), lower education level (p = 0.005), 
greater dissatisfaction with the current economic situation (p < 0.001), 
poorer health condition (p < 0.001), more diseases (p < 0.001), and a 
greater need for health knowledge (p < 0.001). The need for support 
was also associated with sex, the primary caregiver, family 
relationships, source of income, type of communication device, timely 
delivery of medical care, and willingness to help each other. The 
mutual support need was positively related to subjective support 
(p < 0.01) and support utilization (p < 0.01) and negatively related to 
mutual support willingness (p < 0.05).

3.3.2. Multivariate analyses
The results of the multiple regression analysis are shown in 

Table 3. In this model, the adjusted R2 was 0.166 and the F-value was 
15.828, with a value of p less than 0.001. Mutual support needs 
(β = 0.362, p < 0.001) were associated with stronger social support. 
Mutual support needs were significantly higher for people over 
80 years of age than for people in the 60–69 age group (β = 3.689, 
p < 0.001), for non-educated people than for people with secondary 
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TABLE 1 Participants’ characteristics and their associations with mutual support needs (n = 2,102).

Independent variable n (%) or mean ± SD (range) Mutual support need

Mean ± SD or Spearman’s r P

Individual characteristic

Age (years) <0.001a

  60–69 1,243 (59.1) 57.03 ± 12.09

  70–79 626 (29.8) 58.44 ± 11.15

  80~ 233 (11.1) 61.72 ± 13.92

Sex

0.029b  Male 899 (42.8) 57.30 ± 12.69

  Female 1,203 (57.2) 58.46 ± 11.66

Nation 0.771b

  Other nationality 252 (12.0) 58.17 ± 12.44

  Han nationality 1850 (88.0) 57.94 ± 12.08

Education level

0.005a
  Non-educated 375 (17.8) 59.83 ± 12.28

  Primary school 921 (43.8) 57.65 ± 10.95

  Secondary and higher 806 (38.3)) 57.46 ± 13.20

Marital status

0.198a

  Never married 89 (4.2) 58.61 ± 17.52

  Married 1,528 (72.7) 57.71 ± 11.75

  Divorced 63 (3.0) 56.51 ± 16.64

  Widowed 422 (20.1) 58.98 ± 11.24

Number of children

0.083a
  0 42 (2.0) 52.29 ± 18.98

  1 298 (14.2) 58.85 ± 12.75

  2 or more 1762 (83.8) 57.95 ± 11.77

Child visit frequency

0.296a

  Never visit 81 (3.9) 54.63 ± 17.66

  Visit occasionally 982 (46.7) 58.27 ± 11.18

  Visit often 738 (35.1) 57.82 ± 12.43

  Live with children 301 (14.3) 58.23 ± 12.43

Primary caregiver

<0.001a

  Oneself 707 (33.6) 56.98 ± 12.49

  spouse 938 (44.6) 57.82 ± 11.45

  children 384 (18.3) 60.43 ± 11.79

  Others 73 (3.5) 56.41 ± 16.34

Relationships among family members 0.039 a

  Not harmonious 132 (6.3) 56.47 ± 15.86

  General harmony 482 (22.9) 59.16 ± 12.11

  Harmonious support 1,488 (70.8) 57.71 ± 11.72

Economic characteristic

Average monthly income

0.427a
  Less than 2000 yuan 975 (46.4) 58.34 ± 12.15

  200 to 5,000 yuan 454 (21.6) 57.77 ± 10.88

  Over 5,000 yuan 673 (32.0) 57.57 ± 12.85

Source of income 0.033c

(Continued)
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TABLE 1 (Continued)

Independent variable n (%) or mean ± SD (range) Mutual support need

Mean ± SD or Spearman’s r P

  Subsistence allowance 279 (13.3) 58.82 ± 11.38

  Wage 457 (21.7) 56.59 ± 11.83

  From children 697 (33.2) 58.38 ± 11.59

  Pension 463 (22.0) 58.59 ± 12.47

  Other 206 (9.8) 57.05 ± 14.31

Satisfaction with the current economic situation 0.002a

  No 339 (16.1) 59.41 ± 14.28

  General 956 (45.5) 58.43 ± 10.84

  Yes 807 (38.4) 56.81 ± 12.48

Main mobile communication equipment

  No 0.003a

  Basic mobile phones 170 (8.1) 57.88 ± 14.20

  Smartphone 1,120 (53.3) 58.79 ± 11.22

812 (38.6) 56.85 ± 12.76

Medical characteristic

Health condition <0.001a

  Unhealthy 392 (18.6) 60.39 ± 13.08

  Suboptimal 889 (42.3) 58.70 ± 11.43

  Healthy 821 (39.1) 56.01 ± 12.09

Current diseases

<0.001c
  No disease 731 (34.8) 55.83 ± 12.88

  One or two disease 1,092 (52.0) 58.52 ± 11.27

  Three or more 279 (13.3) 61.41 ± 12.31

Regular physical examination

0.231b  No 1,287 (61.2) 58.22 ± 11.80

  Yes 815 (38.8) 57.57 ± 12.61

Health knowledge needs

<0.001a
  No 282 (13.4) 54.80 ± 15.13

  General 934 (44.4) 55.78 ± 10.53

  Yes 886 (42.2) 61.27 ± 11.84

To the nearest medical facility 0.158a

  less than 15 min 660 (31.4) 57.21 ± 12.87

  16 to 30 min 628 (29.9) 58.82 ± 10.54

  31 to 45 min 388 (18.5) 57.69 ± 11.53

  46 to 60 min 166 (7.9) 57.96 ± 12.39

  Over 60 min 260 (12.4) 58.24 ± 14.20

Whether serious illness can be treated in time <0.001b

  No 573 (27.3) 60.45 ± 12.90

  Yes 1,529 (72.7) 57.04 ± 11.69

Mutual-support willingness <0.001b

  No 277 (13.2) 68.46 ± 11.62

  Yes 1825 (86.8) 54.70 ± 14.64

SD, standard deviation. aWelch’s t-test.
bIndependent samples t-test.
cOne-way ANOVA.
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and higher education (β = 1.656, p = 0.018), the mutual support need 
of person to be cared for by someone other than spouses and child was 
greater than the person to care oneself (β = 2.610, p < 0.001), the need 
for mutual support is higher for people with generally harmonious 
relationships with family members than for those with harmonious 
relationships (β = 1.564, p = 0.015), the mutual support need was 
higher for those whose income relied mainly on pensions than for 
those who had wage (β = 1.598, p = 0.041), and the mutual support 
need was higher for those who considered their current financial 
situation to be general (β = 2.093, p < 0.001) and unsatisfied (β = 3.412, 
p < 0.001) had higher mutual support need than those who were 
satisfied, those who did not have a mobile phone had lower mutual 
support need than those who had an adults phone (β = −1.853, 
p = 0.050), and those whose status was general (β = 1.605, p = 0.010) 
and unhealthy (β = 2.420, p = 0.004) had a higher mutual support need 
compared to those who did not have a disease, those with one or two 
diseases (β = 1.331, p = 0.023) and those with a combination of three 
or more diseases (β = 2.698, p = 0.002), people with no health 
knowledge needs (β = −5.612, p < 0.001) and general health knowledge 
needs (β = −5.332, p < 0.001) have higher mutual support needs than 
those with health knowledge needs, and those who could not seek 
timely medical care (β = 3.476, p < 0.001) compared to those who could 
seek timely medical care. The mutual support need was lower for those 
who did not have mutual support willingness compared to those who 
had mutual support willingness (β = −3.541, p < 0.001).

4. Discussion

This study explored important factors in the mutual support needs 
of rural older adults, with a particular focus on social support. The 
results showed that subjective support and support utilization in social 
support were associated with stronger mutual support needs, while 
objective support in social support did not show a significant 
association. To our knowledge, few studies have investigated the factors 
associated with the mutual support need among rural older adults, 
particularly social support and mutual support willingness. There is a 

need to understand the mutual support need among rural older adults 
at the level of social support to develop mutual support services and 
optimize the allocation of rural retirement resources for healthy aging.

4.1. Social support and mutual support 
need

The results of this study showed that subjective support and 
support utilization played a substantial role in mutual support needs. 
In contrast, mutual support needs were not significantly associated 
with objective support. According to this finding, rural older adults 
with higher subjective support and support utilization had higher 
mutual support needs; in short, older people who receive more 
emotional support and make better use of social support are more 
likely to engage in mutual support, which is consistent with a study 
(23) that found that the stronger an older adult’s close and trusting 
relationships with neighbors, the higher the participation in 
intergenerational programs (a social service that promotes mutual aid 
between members of the younger and older generations). Likewise, 
this result is also reinforced by a study made in Japan (13) and the 
United Kingdom (24) in which older adults take the initiative in group 
activities, and positive feedback through atmospheric motivation 
increases mutual support (25). Regarding willingness to provide 
mutual support, our study showed that older adults who are willing to 
help each other have a higher need for mutual help. Some studies 
suggest that people may be motivated to help others because they need 
help from others (26, 27). A previous study in poor neighborhoods in 
The Hague and Utrecht, the Netherlands, also showed that the more 
residents interact with each other, the more likely they are to share 
emotions, and the more emotions they share, the more likely they are 
to build long-term stable neighborhood relationships and become 
actively engaged in community affairs (28). In rural China, the adults 
believe that falling leaves settle on the roots. The residents of the 
villages are acquaintances with similar backgrounds and can better 
understand each other’s needs (29, 30). This may also be the reason 
why adults people are willing to live out their lives in villages where 
acquaintances take care of each other.

4.2. Other factors related to the mutual 
support need

This study also revealed that medical, economic, and 
sociodemographic factors, including age, sex, education level, primary 
caregiver, primary source of income, satisfaction with the economy, 
means of communication, health status, number of illnesses, health 
knowledge needs, and timely access to medical care, were the main 
predictors of the mutual support need among rural adults. Specifically, 
this study showed that the mutual support need was higher for those 
aged 80 years and older compared to those aged 60–69 years, and the 
mutual support need was higher for women compared to men. 
Similarly, the mutual support need was higher among the adults who 
attended secondary and higher education, respectively, compared to 
non-educated ones. Previous studies (29, 31, 32) have suggested that 
adults people in rural areas need more outside support due to lower 
education levels and children moving to cities, so they lack care and 
have less health information skills.

TABLE 2 Social support and their associations with mutual support needs 
(n = 2,102).

Independent 
variable

Mean ± SD Mutual support 
needs

r p

Mutual support needs 57.97 ± 12.10

Daily life care 14.33 ± 4.32 0.710 <0.01

Health service 14.32 ± 3.18 0.789 <0.01

Spiritual comfort 16.38 ± 3.97 0.870 <0.01

Entertainment and 

learning

12.93 ± 3.31 0.752 <0.01

Social support 36.96 ± 6.40 0.006 0.786

Objective support 9.07 ± 2.78

Subjective support 20.32 ± 3.92 0.100 <0.01

Support utilization 7.58 ± 2.02 0.077 <0.01

Mutual-support 

willingness

−0.092 <0.01

158

https://doi.org/10.3389/fpubh.2023.1171046
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Tang et al. 10.3389/fpubh.2023.1171046

Frontiers in Public Health 07 frontiersin.org

TABLE 3 Multiple regression results on factors related to mutual support needs (n = 2,102).

Variable (reference group) β p

Age (60–69)

  70–79 0.449 0.435

  80~ 3.689 <0.001

Sex (Man)

  Female 0.636 0.211

Education level (Secondary and higher)

  Non-educated 1.656 0.018

  Primary school 0.270 0.636

Primary caregiver (Oneself)

  spouse 0.021 0.970

  Others 2.610 <0.001

Relationships among family members (harmony)

  Not harmonious −0.292 0.797

  General harmony 1.564 0.015

Source of income (Wage)

  Subsistence allowance 1.036 0.240

  From children 0.953 0.174

  Pension 1.598 0.041

  Other 0.286 0.765

Satisfaction with the current economic situation (Yes)

  No 3.412 <0.001

  General 2.093 <0.001

Main mobile communication equipment (Basic mobile phones)

  No −1.853 0.050

  Smartphone −0.965 0.090

Health condition (Healthy)

  Unhealthy 2.420 0.004

  Suboptimal 1.605 0.010

Current diseases (No disease)

  One or two disease 1.331 0.023

  Three or more 2.698 0.002

Health knowledge needs (Yes)

  No −5.612 <0.001

  General −5.332 <0.001

Whether serious illness can be treated in time (Yes)

  no 3.476 <0.001

Mutual-support willingness (yes)

  no −3.541 <0.001

Social support 0.362 <0.001

R 0.407

R2 0.166

Adjusted R2 0.155

F 15.828

P <0.001
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The need for mutual support is higher for the adults who are cared 
for by others (non-spouse children) compared to self-care. This study 
also shows that the primary caregivers of rural older adults are 
themselves or their spouses. As in China, many Asian countries are 
influenced by Confucianism, which upholds “filial piety,” reflecting 
young people’s duties to care for older people within the family unit, so 
that caregivers of older adults are usually their adult children and/or 
extended family members in developing countries (33, 34). Due to 
China’s large population base, there are also a relatively large number of 
adults people living alone, especially in rural areas (35). Without 
children or family members to care for them, these families will have to 
rely on society to provide additional services to support them. A survey 
in Uganda shows that family-based traditions of care for older people 
are coming under pressure due to local socio-economic transitions, the 
exodus of youth from rural areas, and the death of a proportion of 
young people due to HIV infection (36). The tradition of family-based 
care is being challenged in many developing countries undergoing 
economic transition, where the need for mutual aid in old age is higher.

Regarding financial status, the mutual support need is higher for the 
adults whose income is mainly derived from pensions compared to those 
whose income is mainly derived from wages. In contrast, the adults who 
were satisfied with their current economic status had a lower mutual 
support need. This is consistent with a study conducted in an urban 
village in Guangzhou, China, where higher household income facilitated 
respondents’ access to neighbors’ help and thus influenced neighborhood 
mutual support (37). In addition, the mutual support need is higher 
among older people without mobile phones than among those with 
mobile phones. A survey conducted by Peter (38) found that health apps 
using cell phones can help mutual support groups treat addictive 
behaviors, and some studies have used the “Internet + smartphones 
model” to meet the aging needs of older adults in the community (39, 
40). These findings suggest that it is important that older adults with cell 
phones, especially those with smartphones, can meet their mutual 
support needs through the software and information on their devices.

Regarding medical care, the mutual support need was higher among 
older adults with multiple diseases and unhealthy conditions compared 
to those who had no diseases and were consciously healthy. The mutual 
support need was higher among older adults who were unable to seek 
medical care in a timely manner than those who were able to do so. 
Previous study has suggested that the level of emotional disorders and 
alcohol addiction is associated with mutual support (41, 42). This result 
thus implies that poorer health leads to seeking help from others, which 
may lead to a stronger need for mutual support. Likewise, a scoping 
review found that people with mental illness and distressing experiences 
can be helped through peer or mutual support (43). A survey with 
people from different regions and household income brackets in Brazil 
conducted by Petra (44) found that social solidarity can be fostered to 
reduce harm from COVID-19 through mutual support at the core of the 
family, apartment, and community. The results of these studies suggested 
that mutual support can improve people’s mental health and help them 
better cope with public health emergencies.

5. Conclusion

This research showed that subjective support and support 
utilization were associated with mutual support needs. 

Additionally, medical and socio-demographic factors, which 
include age, sex, education level, primary caregiver, family 
relationships, household income, financial satisfaction, mobile 
communication equipment, health condition, health knowledge 
needs, and type of illness, were substantial factors in the need for 
mutual support for older people in rural areas. Likewise, meeting 
the mutual support needs for rural older adults has a positive 
impact on improving their physical and mental health. In rural 
China, there is now a major imbalance between supply and 
demand for adults care. To close the gap, developing rural mutual 
old-age services is extremely important. The government should 
increase funding for rural mutual support and encourage the 
community and the surplus rural population to join volunteer 
activities. There is also a need to assess the support needs of the 
adults, the uneducated, empty nesters, those without access to the 
media, and those living far from health facilities and to develop 
care service plans to improve support utilization. Health care 
providers should participate in mutual support activities to 
expand the range of health care services and provide regular 
emotional care, medical care, medical check-ups, and home visits 
to key populations.

6. Limitations and future directions

This study has several limitations, First, it was conducted in one 
district in central China, and the sample may have limitations, but 
Hunan Province, as an agricultural province in China, has typical 
characteristics of the coexistence of a low-young and adults population 
in rural China (45), which can reflect the current situation in rural 
China to some extent. Secondly, this study relied on cross-sectional 
data, and, therefore, we  cannot assess causality. More studies are 
needed to better understand the mechanisms of associations between 
social support and mutual-support willingness and need among the 
rural adults in China.
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Factors associated with perceived
caregivers’ willingness to provide
care among older adults with
disabilities in China

Chang Sun and Dijuan Meng*

School of Nursing, Nanjing University of Chinese Medicine, Nanjing, China

Objective: The aim of this study was to analyze the status quo and associated

factors of care recipients’ perceptions of caregivers’ willingness to provide

care among disabled older adults in China. Thus, this study contributes to

our understanding of vulnerable older populations who are at a high risk of

receiving support from informal caregivers who are unable or unwilling to take

the caregiver role.

Methods: We analyzed the cross-sectional data of 3,539 disabled older adults

who received informal care at home from the seventh wave of the 2018 Chinese

Longitudinal Healthy Longevity Survey (CLHLS). Multiple logistic regression

models were used to examine the variables associated with the respondents’

perceived caregivers’ willingness to care from five aspects: respondents’

sociodemographic attributes, health-related data, family endowment, access to

health care services and community-based long-term care services (CBLTCS).

Results: This study found that the majority of disabled older adults (90.9%) had

a positive attitude toward their caregivers’ willingness to care and the care they

received; however, 7.0% of the adults were concerned about their caregivers’

ability to handle the care. Moreover, there was a small number of disabled

older people (2.1%) who felt that their caregivers were reluctant to care or

lacked patience. The results from the multiple logistic regression showed that

disabled older adults with socioeconomic disadvantages (living in rural areas,

being poor and with no children who frequently visited) or high demand (with

severe disabilities or cognitive impairment) were more likely to consider that their

caregivers needed respite care. Those adults with anxiety symptoms, a lower

amount of care time, poor self-rated financial status and poor accessibility to

health care services were more likely to report that their caregivers were reluctant

to administer care.

Conclusion: This study found that living in rural areas, being poor, with no

children who frequently visited, severe disabilities or CI were positively associated

the care recipients’ perception that caregivers needed respite care. While anxiety

symptoms, a lower amount of care time, poor self-rated financial status and

poor accessibility to health care services were significantly associated with care

recipients’ perception of caregivers’ reluctance to care. Our findings highlight the

awareness of monitoring informal carers’ willingness to care or capability to enact

caring tasks.
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informal caregiving, willingness to care, disability, older adults, long-term care
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1. Introduction

Due to declining fertility rates and increasing life expectancy,

China is experiencing accelerated population aging. By the end of

2022, the population of China aged 65 years or over was 209.78

million, accounting for 14.9% of the national population (1), which

indicates that China has become an aged society and is now

gradually progressing into a superaged society (2). In addition

to the rapidly aging population, the number of older adults with

disabilities is also increasing. It is predicted that the number of

disabled older people is projected to increase from 52.71 million

in 2020 to ∼78 million in 2030 in China (3). Moreover, the years

lived with disability (YLDs) of older adults in China were estimated

to increase from 5.78 in 2015 to 7.44 years in 2030 (3). In such cases,

themanner in which adequate long-term care (LTC) services can be

provided for the ever increasing number of older people with care

dependency has become a prominent issue in China.

To address this concern, LTC insurance (LTCI) was introduced

in China in 2016, with 15 cities selected as the first batch of

LTCI pilots (4). Currently, this insurance covers 49 cities and 145

million people across the country, with a focus on providing formal

support to older adults with moderate and severe disabilities to

ensure their basic daily life assistance (5). However, for the large

number of disabled people, the coverage of policy-based LTCI is

still insufficient. Moreover, due to being in the initial stage of

LTCI policy implementation, it still faces challenges (such as the

inefficient delivery of LTC services), which results in the limited

substitution of publicly provided formal care for informal care.

Informal care was defined as the provision of unpaid care to a

family member, relative, friend or neighbor with disabilities in

the study.

The majority of older adults wish to “age in place” for as long

as possible, even when they face functional limitations (6). This

scenario is especially true in China, which has long been influenced

by Confucianism and possesses filial piety as a core virtue of

society. With the traditional concept of “Raise children for old age,”

people in China prefer to be cared for by their adult children at

home in their older years. Therefore, family-based informal care

remains an important pillar of the LTC system in China and will

continue to be so in the future. It has been reported that ∼90% of

disabled older adults are cared for exclusively by family members

without any support from social services outside of the home (7).

However, with the shrinking household size and the influence of

westernization and urbanization, the informal care system in China

has become vulnerable.

Despite decades of innovative research in the domain of

informal care, the majority of studies to date have focused on a

limited view of the care-giving experience, with a primary focus on

the aspects of care burden, stress (8–11) and measures or coping

Abbreviations: YLDs, Years lived with disability; LTC, Long-term care; LTCI,

Long-term care insurance; CLHLS, Chinese Longitudinal Healthy Longevity

Survey; ADL, Activities of daily living; IADL, Instrumental activities of daily

living; CBLTCSs, Community-based long-term care services; CESD-R-10,

Center for Epidemiologic Studies Depression Scale Revised-10; GAD-7,

Generalized Anxiety Disorder 7-item scale; MMSE, Mini-Mental State

Examination; CI, Cognitive impairment.

strategies to reduce these factors (12–14) to maintain carers in their

roles. However, caregiving willingness, which has been defined as a

caregiver’s attitude toward providing emotional, instrumental and

nursing support for an individual (15), was not a common issue in

previous research. Limited studies have examined the hypothetical

willingness of individuals to provide informal care if such a need

arises in the future (16, 17), as well as willingness to provide care

for specific patient groups [e.g., AIDS patients (15) and multiple

sclerosis patients (18), among other patients] and the caregiving

willingness of subsample carers [e.g., male carers (19), spouse carers

(18) and low-income female carers (20), among other carers].

Apart from the burden of caring, caregiving willingness is a

response to actual or perceived burden, which may be exhibited

by caregivers with willingness or reluctance (21). Due to the

fact that the entire LTC system cannot function without the

commitment of informal caregivers, it seems to be meaningless

to put this resource at risk by identifying those individuals who

are not willing to assume the role. Given that caring for a

disabled family member is a time-intensive and labor-intensive

activity with increasing demands (22), reluctance to care would be

understandable. Therefore, it would be unwise to ignore the reality

that people may feel differently about being a family caregiver,

with attitudes ranging from being highly committed to being

unwilling to care. Otherwise, the consequences of ignoring the

reality cannot be ignored, as it may generate adverse outcomes for

care recipients, caregivers and the LTC system. Prior research has

identified undesirable results of caregiving reluctance, including

deterioration in caregiver-care recipient relationships (23, 24),

reduced quality of care (23, 25) and institutionalization (26).

Furthermore, in previous studies, willingness to care was solely

described from the perspective of caregivers. However, the actual

view of caregivers may be hidden to avoid censure because of the

pressure of social norms (21), especially in the context of China’s

filial piety culture. Moreover, older adults with disabilities play

a very significant role in shaping caregivers’ willingness to care

(18). Thus, this study aimed to analyze the status quo and factors

associated with perceived caregivers’ willingness to provide care in

China from the perspective of disabled older adults who received

informal care at home, thus contributing to our understanding of

vulnerable populations who are at a high risk of receiving support

from family caregivers who are unable or unwilling to take the role.

2. Materials and methods

2.1. Data sources

The Chinese Longitudinal Healthy Longevity Survey (CLHLS)

is a nationwide prospective cohort study. The first wave was

established in 1998, and subsequent follow-up surveys were

conducted in 2000, 2002, 2005, 2008, 2011, 2014, and 2018. The

survey respondents were randomly selected through a multistage

cluster sampling approach from 23 out of 31 provinces (22 out

of 31 provinces before 2008) in China. The CLHLS aims to

investigate factors associated with healthy longevity in humans,

which covers many types of information, including respondents’

sociodemographic characteristics, health status, social activity

and lifestyles. Data were collected by trained interviewers using
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a structured questionnaire in participants’ homes. The study

was authorized by the Ethics Committee of Peking University

(IRB00001052-13074), and written informed consent was obtained

from all of the participants and/or their families.

The data used in this study were derived from the seventh wave

of the CLHLS in 2018, which contains 15,874 participants. Due

to the fact that our goal was to investigate perceived caregivers’

willingness to provide care among community-dwelling disabled

older adults and their associated factors, three inclusion criteria

were imposed on the study sample: respondents (a) should

be 65-years-old or above; (b) should have at least one I/ADL

limitation; and (c) should live at home and receive informal

care provided by their spouses, children, relatives, friends and

neighbors. Figure 1 shows how participants in the current study

were selected. Finally, 3,539 eligible people were included as the

research sample for the present analyses.

2.2. Measures

2.2.1. Dependent variable
We considered perceived caregivers’ willingness as the

dependent variable, which was assessed by using the question

“what do you think of the caregiving performance of your primary

caregiver?” in the 2018 CLHLS survey. Possible responses were

coded as a categorical variable into three groups: 1 = willing to

and provide adequate care; 2= willing to but need respite care; and

3= unwilling to care or without patience.

2.2.2. Independent variables
According to previous studies and considering currently

available data in the 2018 CLHLS survey, a total of 20 factors

were conceptualized as the independent variables, including

older adults’ sociodemographic characteristics, health-related data,

family endowment, access to health care services and community-

based long-term care services (CBLTCS).

Sociodemographic attributes included age (aged 65–79 years=

1, 80–99 years = 2 and ≥ 100 years = 3), gender (male = 1), place

of residence (city/town= 1), education level (illiterate= 1, primary

school = 2 and junior high school and above = 3), marital status

(currently married= 1) and financial independence (yes= 1).

Health-related data were measured by using five indices,

including self-rated health, depression, anxiety, cognitive function

and I/ADL limitations. Self-rated health was assessed by asking

participants how they rated their general health status, ranging

from “very good” to “very poor” (5 points) (very good/good = 1,

average = 2 and poor/very poor = 3). Depression was measured

by using the Center for Epidemiologic Studies Depression Scale

Revised-10 (CESD-R-10), with a score of 10 or above indicating

depression (6, 27) (with depression = 1). Anxiety was measured

by using the Generalized Anxiety Disorder 7-item scale (GAD-7),

and a cutoff of 5 indicated anxiety (28, 29) (with anxiety= 1).

Cognitive function was assessed by using the Chinese version of

the Mini-Mental State Examination (MMSE), and scores ranged

from 0 to 30, with a higher score indicating better cognitive

function. We adopted the education-based criteria to define

“cognitive impairment (CI)” (with CI = 1): ≤ 17 for those

illiterate individuals, ≤ 20 for those individuals with 1 to 6 years

of education and ≤ 24 for those individuals with more than

6 years of education (30, 31). Additionally, I/ADL limitations

were assessed by asking participants about their difficulty in

performing six basic ADLs (bathing, dressing, toileting, indoor

transferring, continence, and eating) and eight IADLs (visiting

neighbors, going shopping, cooking meals, doing laundry, walking

one kilometer, carrying 5 kg weight, crouching and standing 3 times

and taking public transportation). We coded I/ADL limitations as a

categorical variable into three levels: mild I/ADL limitations (only

IADL limitations) = 1, moderate I/ADL limitations (1 or 2 ADL

limitations) = 2 and severe I/ADL limitations (3 or more ADL

limitations)= 3 (32).

Family endowment factors included self-rated family financial

status (very rich/rich/average = 1, poor/very poor = 0), annual

household income (logarithm; continuous numerical variable),

number of cohabiting family members (continuous numerical

variable), number of children who had frequently visited (no

children= 1, one child= 2 and more than one child= 3), primary

caregiver (spouse = 1, son/daughter-in-law = 2, daughter/son-in-

law = 3 and other people = 4), hours of care received in the past

week (≤ 24 h = 1, 25–96 h = 2 and 97–168 h = 3) and cost of care

in the past week (logarithm; continuous numerical variable).

Access to health care services was assessed by using the

question: “Could you get adequate medical services when it

is necessary (yes = 1)?” Access to CBLTCS was measured by

asking the participants whether eight types of CBLTCS and other

services were provided in their community. Subsequently, we

calculated the sum of the types of provided services (continuous

numerical variable).

2.3. Statistical analysis

Descriptive statistics were calculated by using percentages for

the categorical variables and means and standard deviations (SDs)

for the continuous variables. Chi-square tests, analysis of variance

(ANOVA) and Kruskal–Wallis nonparametric tests were used to

test the differences in the distribution of respondents’ perceived

caregivers’ willingness to provide care by their characteristics, as

appropriate. With “willing to and provide adequate care” as the

reference group, multiple logistic regression models were applied

to analyze the associated factors related to perceived caregivers’

willingness to provide care among older adults with disabilities.

All of the analyses were performed by using SPSS 26.0 software

(SPSS Inc., Chicago, IL, USA). The results were considered to be

statistically significant at a p < 0.05.

3. Results

Table 1 displays the characteristics of the study respondents.

Although the vast majority of the respondents (90.9%) felt that

their caregivers were willing to and took good care of them, 7.0%

of the respondents thought that their caregivers were willing to

care for them but needed respite care, and 2.1% of the respondents

perceived that their caregivers were unwilling to provide care or
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FIGURE 1

Flow chart of the study sample.

lacked patience. Most of the respondents were oldest-old (aged

80+ years), approximately two-thirds of the respondents were

female and more than half of the respondents lived in cities/towns

due to China’s accelerated urbanization process. In addition,

most of the respondents (63.1%) did not receive any formal

education, the proportion of respondents who were currently in a

marriage was relatively small (18.4%) and the majority of eligible

older individuals (80.1%) failed to achieve financial independence.

More than half of the respondents rated their general health

status as being not poor (61.2%); however, 24.8%, 12.5%, and

55.9% of the respondents reported having depression, anxiety

and CI, respectively. Regarding I/ADL limitations, 13.1% of the

respondents had mild I/ADL limitations, 40.8% of the respondents

had moderate I/ADL limitations and 46.1% of the respondents had

severe I/ADL limitations.

In terms of family endowment, the majority of disabled older

adults (86.3%) reported that compared with people around them,

their family’s financial status was at the average level and above,

and the mean of their household income (log-transformed) was

9.891. Moreover, they had an average number of cohabiting family

members of 2.5, the majority of them (81.5%) had more than one

child visited, most of them (57.7%) received care from their son and

daughter-in-law, nearly 40% of the respondents received ≤24 h of

care in the past week and the mean cost of care in the past week was

4.258. Furthermore, few of the respondents (4.7%) could not access

health care services when necessary, and the mean number of types

of CBLTCS was relatively low (1.86).

Table 2 presents the results of the percentage distribution

of the respondents’ perceived caregivers’ willingness to provide

care via their characteristics. Among the sociodemographic

characteristics, place of residence, education level and financial

independence significantly affected the respondents’ perceived

caregivers’ willingness to care. For health-related data, self-rated

health, anxiety, cognitive function and I/ADL limitations were

significantly associated with the caregiver’s willingness to provide

care. In terms of family endowments, self-rated financial status,

annual household income, number of children who frequently

visited and hours of care received in the past week significantly
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TABLE 1 The characteristics of the study respondents.

Variable Variable value N (Mean) Percentage (SDs)

Dependent variable

Perceived caregivers’ willingness willing to and provide adequate care= 1 3,218 90.9%

willing to but need respite care= 2 248 7.0%

unwilling to care or without patience= 3 73 2.1%

Independent variables

Sociodemographic attributes

Age 65–79= 1 256 7.2%

80–99= 2 1,781 50.3%

≥ 100= 3 1,502 42.4%

Gender male= 1 1,156 32.7%

female= 0 2,383 67.3%

Place of residence city/town= 1 1,978 55.9%

rural= 0 1,516 44.1%

Education level illiterate= 1 2,233 63.1%

primary school= 2 1,055 29.8%

junior high and above= 3 251 7.1%

Marital status currently married= 1 643 18.4%

divorced/widowed/single= 0 2,861 81.6%

Financial independence yes= 1 687 19.9%

no= 0 2,768 80.1%

Health-related data

Self-rated health very good/good= 1 1,059 30.1%

average= 2 1,095 31.1%

poor/very poor= 3 1,363 38.8%

Depression with depression= 1 876 24.8%

no depression= 0 2,663 75.2%

Anxiety with anxiety= 1 441 12.5%

no anxiety= 0 3,098 87.5%

Cognitive impairment (CI) with CI= 1 1,958 55.9%

without CI= 0 1,542 44.1%

I/ADL limitations mild= 1 464 13.1%

moderate= 2 1,632 40.8%

severe= 3 1,443 46.1%

Family endowment

Self-rated financial status very rich/rich/average= 1 3,016 86.3%

poor/very poor= 0 480 13.7%

Annual household income yuan (logarithm; continuous numerical variable) 9.891 1.708

Cohabiting family member number (continuous numerical variable) 2.5 1.714

Number of children who frequently

visited

no children= 1 127 3.7%

one child= 2 498 14.7%

more than one child= 3 2,762 81.5%

(Continued)
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TABLE 1 (Continued)

Variable Variable value N (Mean) Percentage (SDs)

Primary caregiver spouse= 1 409 11.6%

son and daughter-in-law= 2 2,042 57.7%

daughter and son-in-law= 3 728 20.6%

other people= 4 360 10.2%

Hours of care received in the past week ≤ 24 h= 1 1,393 39.4%

25–96 h= 2 1,186 33.5%

97–168 h= 3 960 27.1%

Cost of care in the past week yuan (logarithm; continuous numerical variable) 4.258 2.731

Access to health care services

yes= 1 165 4.7%

no= 0 3,330 95.3%

Access to community-based long-term care services

number (continuous numerical variable) 1.86 2.157

influenced the respondents’ perceived caregivers’ willingness to

care. Furthermore, access to health care services and CBLTCS were

both significantly related to the respondents’ perceived caregivers’

willingness to provide care.

Table 3 shows the results from the multiple logistic regression

analysis. Among sociodemographic characteristics, the factor

associated with the perceived caregivers’ willingness to provide

care was the place of residence. Disabled older adults who lived

in rural areas (rural vs. city/town, OR = 1.378, P = 0.039) were

more likely to perceive that their caregivers were willing to care for

them but needed respite care than willing to and provide adequate

care. In health-related data, I/ADL limitations, CI and anxiety were

significantly associated with the perceived caregiver’s willingness

to provide care. Respondents with moderate functional limitations

(moderate vs. severe, OR = 0.631, P = 0.014) were less likely to

consider that their caregivers were willing to but needed respite care

than willing to and provide adequate care. Those participants with

CI (yes vs. no, OR = 1.564, P = 0.018) were more likely to think

that their caregivers needed respite care than willing to and provide

adequate care. However, those participants with anxiety (yes vs. no,

OR = 3.338, P = 0.001) were more likely to perceive that their

caregiver was unwilling to care for them or lacked patience than

willing to and provide adequate care. Regarding family endowment

factors, respondents with no children who had frequently visited

(no children vs. more than one, OR = 1.855, P = 0.038) were

more likely to think that their caregivers needed respite care than

willing to and provide adequate care. However, those participants

who rated their financial status as being poor were more likely to

believe that their caregivers needed respite care (poor/poorer vs.

average/rich/richer, OR= 4.052, P < 0.001) or that their caregivers

were reluctant to care (poor/poorer vs. average/rich/richer, OR =

3.681, P < 0.001) than willing to and provide adequate care. Those

participants who received fewer hours of care in the past week

(≤ 24 h vs. 97–168 h/25–96 h vs. 97–168 h; OR = 6.205, OR =

4.367; P < 0.001, P = 0.004) were more likely to believe that their

caregivers were reluctant to provide care or lacked patience than

willing to and provide adequate care. In terms of accessibility of

public services, those participants who had poor access to health

care services (no vs. yes, OR = 3.069, P = 0.004) were more

likely to believe that their caregivers were unwilling to care for

them or lacked patience than willing to and provide adequate care.

However, access to CBLTCS was not significantly associated with

the perceived caregiver’s willingness to provide care.

4. Discussion

This study examined the factors associated with perceived

caregivers’ willingness to provide care among older adults with

disabilities in China based on the 2018 wave of CLHLS data.

In general, we found that the majority of disabled older adults

had a positive attitude toward their caregivers’ willingness to care

and the care that they received; however, 7.0% of them were

concerned about their caregivers’ ability to handle care and need

respite care. Studies have found that perceived need for respite

care indicated that their caregivers could no longer cope (33) and

that they would need assistance and support (such as domestic

help and short breaks) rather than taking over the care (34). It is

crucial to identify those individuals at high risk and offer them

respite care options; otherwise, it is likely that these informal

caregivers’ initial willingness to provide care will decline. Moreover,

a small number of disabled older people felt that their caregivers

were reluctant to care or lacked patience. Although there may be

discordance between the actual and perceived carers’ willingness to

care, we should still pay attention to this result. Existing research

has confirmed that reluctance to care (as the opposing idea to

willingness) has a negative impact on the caregivers’ mental health

(e.g., feeling resentful and exhibiting depression, etc.), quality

of care that is received (e.g., premature institutionalization and

neglect/abuse, etc.) and family conflict (21, 35–37).

In the bivariate analysis, most of the included factors in

the study were significantly associated with the respondents’

perceived caregivers’ willingness. To some extent, this analysis

identified useful information; however, it only considered the

influence of a single factor. Therefore, we used a multinomial

logit model to identify factors related to perceived caregivers’
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TABLE 2 Respondents’ perceived caregivers’ willingness by their characteristics.

Variable Willing to and provide
adequate care

Willing to but need
respite care

Unwilling to care or
without patience

χ2 P

Sociodemographic attributes

Age 5.046 0.08

65–79 229 (85.9%) 17 (6.6%) 10 (3.9%)

80–99 1,613 (91.6%) 113 (6.3%) 37 (2.1%)

≥ 100 1,358 (90.4%) 118 (7.9%) 26 (1.7%)

Gender 4.484 0.106

Male 1,065 (92.1%) 66 (5.7%) 25 (2.2%)

Female 2,153 (90.3%) 182 (7.6%) 48 (2.0%)

Place of residence 8.075 0.018

City/town 1,822 (92.1%) 118 (6.0%) 38 (1.9%)

Rural 1,396 (89.4%) 130 (8.3%) 35 (2.2%)

Education level 6.879 0.032

Illiterate 2,017 (90.3%) 173 (7.7%) 43 (1.9%)

Primary school 967 (91.7%) 66 (6.3%) 22 (2.1%)

Junior high and above 234 (93.2%) 9 (3.6%) 8 (3.2%)

Marital status 4.92 0.085

Currently married 572 (89.0%) 52 (8.1%) 19 (3.0%)

Divorced/widowed/single 2,618 (91.5%) 189 (6.6%) 54 (1.9%)

Financial independence 8.614 0.013

Yes 644 (93.7%) 33 (4.8%) 10 (1.5%)

No 2,495 (90.1%) 212 (7.7%) 61 (2.2%)

Health-related data

Self-rated health 61.66 < 0.001

Very good/good 1,007 (95.1%) 42 (4.0%) 10 (0.9%)

Average 1,008 (92.1%) 70 (6.4%) 17 (1.6%)

Poor/very poor 1,084 (86.9%) 133 (9.8%) 46 (3.4%)

Depression 2.957 0.228

With depression 785 (89.6%) 68 (7.8%) 23 (2.6%)

No depression 2,433 (91.4%) 180 (6.8%) 50 (1.9%)

Anxiety 31.609 < 0.001

With anxiety 375 (85.0%) 43 (9.8%) 23 (5.2%)

No anxiety 2,843 (91.8%) 205 (6.6%) 50 (1.6%)

Cognitive impairment (CI) 26.547 < 0.001

With CI 1,738 (88.8%) 169 (8.6%) 51 (2.6%)

Without CI 1,446 (93.8%) 76 (4.9%) 20 (1.3%)

I/ADL limitations 24.441 < 0.001

Mild 422 (90.9%) 36 (7.8%) 6 (1.3%)

Moderate 1,352 (93.7%) 62 (4.3%) 29 (2.0%)

Severe 1,444 (88.5%) 150 (9.2%) 38 (2.3%)

Family endowment

Self-rated financial status 176.935 < 0.001

(Continued)
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TABLE 2 (Continued)

Variable Willing to and provide
adequate care

Willing to but need
respite care

Unwilling to care or
without patience

χ2 P

Very rich/rich/average 2,821 (93.5%) 151 (5.0%) 44 (1.5%)

Poor/very poor 359 (74.8%) 94 (19.6%) 27 (5.6%)

Annual household income 9.924 (1.718) 9.499 (1.737) 9.923 (1.275) 25.837 < 0.001

Cohabiting family member 2.51 (1.17) 2.44 (1.708) 2.75 (1.779) 3.103 0.212

Number of children who

frequently visited

14.602 0.001

No children 104 (81.9%) 18 (14.2%) 5 (3.9%)

One child 442 (88.8%) 44 (8.8%) 12 (2.4%)

More than one child 2,539 (91.9%) 171 (6.2%) 52 (1.9%)

Primary caregiver 2.07 0.355

Spouse 363 (88.8%) 38 (9.3%) 8 (2.0%)

Son and daughter-in-law 1,865 (91.3%) 127 (6.2%) 50 (2.4%)

Daughter and son-in-law 665 (91.3%) 53 (7.3%) 10 (2.4%)

Other people 325 (90.3%) 30 (8.3%) 5 (1.4%)

Hours of care received in the

past week

9.91 0.007

≤ 24 h 1,260 (90.5%) 96 (6.9%) 37 (2.7%)

25–96 h 1,068 (90.1%) 88 (7.4%) 30 (2.5%)

97–168 h 890 (92.7%) 64 (6.7%) 6 (0.6%)

Cost of care in the past

week

4.206 (2.742) 4.503 (2.635) 4.324 (2.825) 1.655 0.437

Access to health care services

52.247 < 0.001

Yes 3,055 (91.7%) 215 (6.5%) 60 (6.8%)

No 125 (75.8%) 28 (17%) 12 (7.3%)

Access to community-based long-term care services

6.737 0.041

1.89 (2.175) 1.57 (1.974) 1.52 (1.851)

willingness to care among disabled older adults and to draw our

conclusions accordingly.

Compared to their urban counterparts, this study found that

older adults living in rural areas were more likely to perceive that

their caregivers were helpful but needed respite care than willing

to and provide adequate care. Although average household income

has risen considerably in China over the last decades, urban–

rural gaps still exist. In addition, due to the urban rural dual

social security system in China, older rural residents received lower

pension support (38). Moreover, there are urban–rural disparities

in CBLTCS (39). Furthermore, with the accelerated process of

urbanization, massive younger populations have traveled to cities to

earn income (40). Given the poor ability to pay for pension services,

insufficient supply of CBLTCS and the shrinkage of potential care

providers in rural areas, it is not easy for informal caregivers to care

for disabled rural older adults with these disadvantages; thus, they

are more likely to need additional help.

It has been well documented that patients’ level of I/ADL

and the number of neuropsychiatric symptoms were significantly

associated with caregivers’ distress and burden, and it was assumed

that these types of symptoms were particularly demanding for care

(41–44). In that sense, it is natural to understand that respondents

with severe disabilities or CI were more likely to report that their

caregivers needed respite care.

Previous studies have found that family caregivers generally

expect little formal help, and they may look forward to some

help from family members, relatives or friends (20, 37). Given the

deep-rooted Confucian cultural influences in China, adult children

are the most preferred support providers. For those individuals

with no children who visited them often, older adults usually

have to rely on their spouses; however, spouse caregivers are

usually older adults themselves, they were more likely to report

moderate or severe caregiver burden (22).When themore “natural”

caregiver, like the spouse or child were not available or had little

inclination to contribute, disabled older adults have to lean on

supporters outside of their family, namely non-kin caregivers.

The reasons for providing care are varied, such as to reciprocate

friendship/kindness, feel compassion to the care recipients, etc.
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TABLE 3 Multiple logistic regression analysis of factors associated with perceived caregivers’ willingness to provide care among disabled older adults.

Variable Willing to but need respite care Unwilling to care or without patience

B Sig. Exp (B) B Sig. Exp (B)

Sociodemographic attributes

Age (Ref: 65–79)

80–99 0.483 0.149 1.621 −0.328 0.515 0.720

≥ 100 0.711 0.054 2.035 −0.715 0.214 0.489

Gender (Ref: male)

Female 0.318 0.098 1.374 0.337 0.303 1.401

Place of residence (Ref: city /town)

Rural 0.321 0.039 1.378 0.090 0.749 1.095

Education level (Ref: junior high and above)

Illiterate 0.598 0.167 1.818 −0.509 0.373 0.601

Primary school 0.483 0.259 1.621 −0.386 0.490 0.680

Marital status (Ref: currently married)

Divorced/widowed/single −0.375 0.219 0.687 −0.721 0.106 0.486

Financial independence (Ref: yes)

No −0.227 0.341 0.797 0.253 0.578 1.288

Health-related data

Self-rated health (Ref: very good/good)

Poor/very poor 0.318 0.142 1.374 0.722 0.078 2.058

Average 0.271 0.223 1.311 0.251 0.574 1.285

Depression (Ref: no depression)

With depression −0.145 0.456 0.865 −0.390 0.274 0.677

Anxiety (Ref: no anxiety)

With anxiety 0.327 0.146 1.387 1.205 0.001 3.338

Cognitive impairment (Ref: without CI)

With CI 0.447 0.018 1.564 0.624 0.070 1.866

I/ADL limitations (Ref: severe)

Mild 0.239 0.337 1.270 −0.794 0.180 0.452

Moderate −0.460 0.014 0.631 0.133 0.666 1.143

Family endowment

Self-rated financial status (Ref: very rich /rich/average)

Poor/very poor 1.399 < 0.001 4.052 1.303 < 0.001 3.681

Annual household income (continuous

numerical variable)

−0.039 0.339 0.962 0.162 0.126 1.176

Cohabiting family member

(continuous numerical variable)

0.031 0.482 1.031 0.063 0.396 1.065

Number of children who frequently visited (Ref: more than one child)

No children 0.618 0.038 1.855 0.711 0.180 2.036

One child 0.080 0.685 1.083 0.171 0.635 1.187

Primary caregiver (Ref: other people)

Spouse 0.621 0.116 1.861 0.087 0.923 1.091

Son and daughter-in-law −0.016 0.951 0.984 1.343 0.070 3.829

(Continued)
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TABLE 3 (Continued)

Variable Willing to but need respite care Unwilling to care or without patience

B Sig. Exp (B) B Sig. Exp (B)

Daughter and son-in-law 0.257 0.377 1.293 0.959 0.226 2.610

Hours of care received in the past week (Ref: 97–168 h)

≤ 24 h 0.259 0.208 1.296 1.825 < 0.001 6.205

25–96 h 0.164 0.400 1.178 1.474 0.004 4.367

Cost of care in the past week

(continuous numerical variable)

0.026 0.365 1.026 0.010 0.845 1.010

Access to health care services (Ref: yes)

No 0.444 0.088 1.559 1.121 0.004 3.069

Access to community-based long-term care services (continuous numerical variable)

−0.047 0.222 0.954 −0.108 0.176 0.898

Constant −4.382 < 0.001 −8.369 < 0.001

Nagelkerke R2 0.167

“Willing to and provide adequate care” was used as the reference group.

However, non-kin care recipients often report of feeling guilty

for their dependence on I/ADL tasks or of worrying about being

a burden on their friends or neighbors (45). In that sense, it is

natural to understand that respondents with no children who had

frequently visited were more likely to perceive that their caregivers

needed respite care.

In addition, the results showed that respondents who rated

their financial status as being poor faced a high risk that their

caregivers were unable to/unwilling to take care of them. This result

corroborates the findings of previous literature underlying the

negative effect that low income may have on caregiving willingness

(20, 21). Studies have shown that poverty affects caregiving in

many ways, and low-income families who are unable to purchase

commercial services as supplements or alternatives may resort to

caregiving with no options rather than actively choosing the role

(20). Additionally, they may live in neighborhoods or rural areas

that lack available formal services; moreover, they may encounter

barriers that impede their access to formal care (46). Furthermore,

those individuals who were not poor may have intended to

use economic stimulus or property transfer (e.g., inheritance) in

exchange for contact and care from their children (47, 48). After

all, 78.3% of the respondents were cared for by their children and

their children’s spouses.

The findings suggest the urgent need for more support to be

provided for caregivers of those individuals with socioeconomic

disadvantages (living in rural areas, being poor and with no

children who frequently visited) or with high demand (with

severe disabilities or CI). Apart from expanding the scale and

coverage of LTCI support, designing a more tailored, user-friendly

and innovative LTCI service scheme is essential for addressing

the needs of this population, so as to increase the options

available to these caregivers in obtaining supportive physical and

emotional assistance. In addition, private sector and non-profit

institutions are encouraged to participate in providing diversified

and selective services for older adults and their families.

Anxiety has been linked to an increased demand for personal

assistance and unmet needs for I/ADL (41); however, little research

exists addressing the relationship between anxiety and caregiving

willingness. Our research identified that respondents with anxiety

symptoms were more likely to perceive that their caregivers were

unwilling to care for them. This may be due to the fact that

when the older adults perceived the reluctance of the caregivers,

it would make them feel powerless and anxious. Caregiving is

primarily a relational experience (49), and willingness to care

develops out of close relationships, whereas reluctance to care

overshadows the carer-care recipient relationship (21, 50). There

is abundant literature that has consistently documented that high-

quality relationships between care recipients and caregivers serve

a protective role for care recipients, whereas the loss of closeness

or trust can lead to the negative emotions of older adults (51, 52).

Due to the fact that this was a cross-sectional study, we could not

determine a causal inference.

It is noteworthy that, compared to those individuals who have

been cared for the highest amount of time, disabled older adults

who received fewer hours of care were more likely to feel that

their caregivers were reluctant or lacked patience. However, the

results demonstrated that self-rated health, the degree of disability

and CI did not have statistical significance with the reluctance

to care. Based on this situation, we may assume that because

of this reluctance, caregivers will devote less time to attending

to the needs of disabled older adults. The findings of this study

are in conjunction with other studies that have identified that

reduced willingness to care was associated with lower investment

in caregiving (36).

This study indicated that those individuals who could not

access health care services when needed were at a high risk

of having caregivers with reluctance or a lack of patience.

Factors related to the accessibility of health care services were

comprehensive and complex, and previous research has found that

the relevant factors included the uneven distribution of resources,
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inconvenience in mobility, economic burden and lack of help from

informal caregivers (53–56). Mai (57) argued that policies such as

full health care insurance coverage, telemedicine and the family

doctor system (to a great extent) could realize geographic and

service accessibility. However, help from informal caregivers always

plays an important role in this scenario. Therefore, it could be

speculated that when disabled older adults are ill, they cannot

obtain adequate health care services through the help of their family

caregivers, nor can they obtain attentive daily care from their family

members with a degree of willingness.

The study found that caregivers’ reluctance to care was not rare

and factors related to it were very complex and complicated. So we

cannot pretend that all caregivers are willing to take care of disabled

older adults, and try not to stand on the moral high ground to view

this issue, what we can do is seek to convert caregiving reluctance

into amoremeasurable concept, uncover the underlying causes and

mechanisms, and identify their preferences and needs, and then

provide targeted and preference-oriented support for disabled older

people and their caregivers.

However, there were some limitations in our study. First,

informal carers’ willingness to care was only measured from

the perspective of the care recipients due to data restrictions.

Study results may not objectively reflect the actual caregivers’

willingness to care. Additionally, concordance between the actual

and perceived carers’ willingness to care needs to be determined

in future research. However, it can be difficult to measure

the caregivers’ willingness in a straightforward manner due to

reporting bias; moreover, considering that informal caregivers

are not routinely assessed in China, such variables from the

perspective of the care recipients could indirectly reflect the

problem and guide the formation of related policies. Second,

there’s no measures related to the caregiver’s situation in the

study due to data restrictions as well. However, caregiver-

specific situation, e.g., employment status, may impact the

associations between circumstances and care-recipient perceptions

of caregivers’ willingness to care. Third, it should be noted

that the cross-sectional nature of this study may not be

applicable for making causal inferences between the variables,

as was mentioned earlier. However, causality between variables

(e.g., care recipients’ anxiety and carers’ willingness to care)

and dynamic changes of carers’ willingness to care over

different stages of the caring career needs to be examined in

future research by using a different methodological approach

(e.g., longitudinal protocols).

5. Conclusion

This study found that living in rural areas, being poor,

with no children who frequently visited, severe disabilities or

CI were positively associated the care recipients’ perception that

caregivers needed respite care. While anxiety symptoms, a lower

amount of care time, poor self-rated financial status and poor

accessibility to health care services were significantly associated

with care recipients’ perception of caregivers’ reluctance to care.

This study highlights the awareness of monitoring informal

carers’ willingness to care or capability to enact caring tasks.

Furthermore, the results can inform policies aimed at developing

and implementing tailored, user-friendly and innovative support

programs for vulnerable disabled older adults and their family

caregivers, so as to increase their wellbeing and enlarge the caring

capacity of older adults’ caregiving networks.
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Analysis of the factors influencing 
the effectiveness of local 
government’s purchase of older 
adults care services – a grounded 
theory study based on typical 
cases
Sujun Liu *

School of Political Science and Public Administration, China University of Political Science and Law, 
Beijing, China

Background: Population aging is a basic national condition in China at present 
and for a long time to come, forcing the country to accelerate the pace of 
building its public older adults care system. The government’s purchase of older 
adults care services has become an effective way to make up for the lack of the 
family’s older adults care function, to which the Chinese government attaches 
particular importance. The article selects 11 typical cases from the excellent case 
base released by the Chinese Ministry of Civil Affairs officials in 2022 to study the 
influencing factors of the effect of local government purchase of older adults 
care service supply.

Methods: NVivo data analysis tools have significant advantages in retrieving, 
analyzing and coding data more efficiently and accurately, which helps to 
construct theoretical propositions and formulate hypotheses to be  tested in 
qualitative research. The study intends to adopt the grounded theory approach 
to analyze the text with the help of NVivo12 software, to condense the practice 
mechanism of local governments’ purchasing of older adults care services and to 
construct a relational model.

Results: Taking “the supply effect of local government purchasing older adults 
services” as the main logic line, the article summarizes the four main influencing 
factors of the supply effect of government purchasing older adults services: the 
real demand of the society, the government’s power and responsibility system, 
the government’s governance ability, and the society’s acceptance ability.

Conclusion: The sense of gain, happiness and security of the older adults 
group is the starting point and landing point of the older adults service policy 
formulation and implementation. Policy guidance and decision-making have an 
important impact on the quality of the supply of older adults care services and 
the development of the older adults care services industry. Clarifying the direction 
of policy guidance, reflecting the comprehensive efficiency of government 
governance and utilizing the professional advantages of social forces, is the key 
to improving the effectiveness of the government’s purchase of older adults care 
services.
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1. Introduction

At present, China’s local governments are facing many difficulties 
in purchasing older adults care services, including imbalance between 
supply and demand, stagnant mechanism, escalating costs and risk 
(1–8). Against the backdrop of the structural contradiction between 
the increasingly serious problem of an aging population and the 
weakening function of family care, the purchase of older adults care 
services by the government has received increasing attention from 
academics (9–18). The first attempt by a local government to purchase 
older adults care services in China began in 2003, when Shanghai 
pioneered a policy of government purchase of older adults care 
services at home, and in 2013 the General Office of the State Council 
issued the “Guidance on the Purchase of Services by the Government 
from Social Forces,” proposing that “in basic public services such as 
education, employment, older adults care and disability assistance, 
social forces should be leveraged to increase in 2014, the Ministry of 
Finance and other departments issued the Notice on the Government’s 
Purchase of Senior Care Services, which requires “taking the basic 
senior care service needs of the older adults as the guide and linking 
the government’s purchase of services to meeting the basic senior care 
service needs of the older adults.” In 2014, the Ministry of Finance and 
other departments issued a circular on the government’s purchase of 
senior care services, requiring the government to “combine the 
purchase of services with meeting the basic senior care service needs 
of the older adults, giving priority to the needs of widows, orphans, 
the disabled and the older adults.” Under the guidance of the national 
top-level design, local governments across the country have started to 
intensively introduce local regulations and policies on government 
purchase of older adults care services, and the local governments’ 
purchase of older adults care services has continued to increase in 
strength and expand in scope (19).

At present, 31 provinces (municipalities) in mainland China have 
issued guiding documents on government purchase of older adults 
care services, exploring and piloting the implementation of 
government purchase of community-based older adults care services 
from social organizations to provide older adults care services, and 
pilot work on older adults care services at home has been carried out 
in Shanghai, Beijing, Jiangsu, Zhejiang, Nanjing, Qingdao, Dalian, 
Harbin and Guangzhou in China, and the Shanghai model, the 
Nanjing Gulou model, Anhui Province Hefei model, Ningbo Haishu 
model and many other representative operational models. However, 
with the increase in the number and scope of government purchase of 
older adults care services, a series of problems have been exposed, 
with some areas even facing the problem of “hollowing out” of the 
purchased services. Some scholars have even called it an 
“unsatisfactory gift” from the public (20). To avoid the spread of 
“hollowing out,” the phenomenon of “reverse contracting out” has 
emerged in some reform areas (21).

From the existing literature, there is a growing body of research 
on government purchase of older adults care services in China, but 
these studies have mainly focused on the introduction of local 
practical experiences (22, 23), typical models of service provision 
(24–27), potential risks (28) and the exploration of the boundary 
between government and society (29), with little focus on the core 
issue of the factors influencing the effectiveness of government 
purchase of older adults care services provision. Therefore, the 
research question in this paper is: why does the purchase of older 
adults care services by local governments show differential effects, 

despite the same high level of central policy, the constraints of limited 
resources of local governments, and the same weak economic 
preference attributes? What are the factors that influence the 
effectiveness of local government purchase of older adults care 
service provision?

Generally speaking, only through a large number of empirical 
surveys and multi-case statistics can we gain insight into the factors 
influencing government purchase of older adults care services, but this 
work has not yet been adequately carried out in China. In this regard, 
this paper selects from the list of “excellent cases of home and 
community-based older adults service reform pilot work” published 
by the General Office of the Ministry of Civil Affairs and the General 
Office of the Ministry of Finance in 2022, Fengtai District, Beijing; 
Nantong City, Jiangsu Province; Anshan City, Liaoning Province; 
Changning District, Shanghai; Jiangning District, Nanjing City, 
Jiangsu Province; Xihu District, Hangzhou City; Anqing City, Anhui 
Province; Xiashan District, Weifang City, Shandong Province; and the 
city of Weifang, Shandong Province, the 11 outstanding cases of 
government purchase of older adults care services in Weifang Xiashan 
District, Shandong Province, Weihai City, Shandong Province, and 
Beilin District, Xi’an City, Shaanxi Province were studied, and textual 
analysis was conducted with the help of NVivo12 software to answer 
the above questions using a grounded theory approach, systematically 
analyse the practical picture of local government purchase of older 
adults care services in China, and provide a reference for the next 
practical development.

2. Literature review

The field of government purchase of older adults care services has 
a great academic attraction due to its grand government-society 
relationship, active inter-organizational behavioral strategies and rich 
and vivid scenario narratives. Current academic research on 
government purchase of older adults care services focuses on three 
levels: macro-level government-society synergy, meso-level 
government purchase behavior and micro-level “supply and demand 
bias.” Macro-level research focuses on the synergistic relationship 
between the government and society in socialized older adults care 
services from a holistic perspective, focusing on the roles and 
responsibilities of the government in older adults care services; meso-
level research focuses on the government’s decision-making and 
behaviors in the process of purchasing older adults care services, with 
the researchers exploring the goals, strategies, risks and 
implementation methods of the government’s purchasing of care 
services and analyzing the impact of the government’s purchasing 
behavior on service supply and service quality; micro-level research 
focuses on the relationship between government supply and demand 
for individual older adults care services, analyzing the government’s 
supply capacity and level of supply and the demand for older adults 
care services, and examining the deviations and imbalances between 
supply and demand. Specific discussions are as follows:

2.1. Macro level - research on the synergy 
between government and society

The accelerated development of population aging and the advent 
of a geriatric society are the most irreversible trends in the world today, 
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and have become social problems shared by all countries in the world. 
From the point of view of worldwide research, the older adults services 
in different countries have different characteristics, and the diversity of 
the social service system for the older adults reflects the dynamic 
combination of the state, the market, the society and the family, behind 
which there is a long-term connection between the economy, politics 
and social culture. However, in terms of the overall development trend 
worldwide, services for the older adults have gradually evolved from a 
single-care model of the family to one in which the market, the State 
and the family all participate. To date, the multi-care model of family, 
market, state and the non-profit sector or other social and civil society 
organizations has become mainstream (30). The reform of the 
marketization of older adults care services has changed the role of local 
governments from a single provider of older adults care services to 
both a purchaser and a provider. The market has gradually entered 
local governments and local governments have entered the market, 
which means that the line between public and private has become more 
blurred (31).

Government purchasing of older adults care services is one of 
the most important ways for governments to socialize the older 
adults, and its positive social functioning relies on a good synergy 
between government and social organizations. Synergy usually 
combines complementarity and embeddedness and is most easily 
promoted in societies characterized by egalitarian social structures 
and strong, coherent state bureaucracies (32). Current government 
policies emphasize collaboration and “embeddedness,” particularly 
between health and social care services (33). Theoretically, the two 
should be synergistic relationships that are mutually beneficial (34–
36), but in practice, the relationship between the two is not very 
harmonious (37–39), and there are “alienated cooperation,” 
“organizational convergence” and “cooperation involution” in the 
process of interaction between “government and society.” “The root 
cause of this is the failure of government-society interaction” (40). 
Due to their own lack of capacity and the government’s imperfect 
policy support system, social organizations face the dilemma of 
over-reliance on the government’s unevenness and insufficient 
resources for sustainable development (41), and the formal care 
system is severely undersupplied and fragmented (42). Practice 
shows that behind the market logic of strict contract management 
and emphasis on performance advocated in the purchase of social 
services, the logic of the section system plays a more important role 
(43). Local authorities have created structures based on the 
separation of purchasers and providers and have made for-profit or 
not-for-profit services, or both, available in place of public services. 
The language of social care policy is changing to include terms such 
as choice, client-orientation, partnerships, contracts and markets 
(44). The role of government has shifted from that of traditional 
welfare producer to that of planner, purchaser and supervisor, but in 
its new role assumption it also faces challenges such as poor planning 
authority and enforceability, inefficient use of funds and lack of 
effective and viable monitoring mechanisms (45), Yanhua, looking 
at the behavior of the government-agency dichotomy, suggests that 
in the early stages of the development of the home care sector, the 
government must provide policy incentives while increasing 
regulation of participating agencies to ensure service quality (46). 
Ding Shejiao et  al. similarly argue that even if a third-party 
evaluation agency is introduced the government must still not 
completely retreat (47). China is currently in the process of rapid 

aging, but at the same time, the “absence” of multiple government, 
market and social actors has become a structural problem in the 
government’s purchase of older adults care services.

2.2. Meso-level − research on government 
purchasing behavior

Government policies for the purchase of older adults care services 
have the integrity, relevance, purpose and contextual adaptation that 
all complex systems should have (48). Researchers have conducted a 
number of empirical studies on local government purchase of services, 
and some recent findings suggest that this form of privatization is less 
politically controversial and more accepted as a method of service 
delivery (49). Numerous studies have explored why governments 
choose to privatise. These reasons can often be grouped according to 
factors related to quantity, quality and cost. The focus explored 
provides a valuable reference. For example, some of the frequently 
cited benefits of contracting are lower costs, greater efficiency, 
increased flexibility, greater competition leading to improved 
consumer choice, increased efficiency, improved quality of care, 
reduced bureaucratic red tape and access to specific expertise (50). 
Governments have accepted that increasing market competition and, 
more recently, allowing users to choose services will lead to more 
personalized services and “improve” the quality of care, as people 
cannot be forced or incentivized to take care (51). The shift from an 
integrated system of government finance and provision to a 
competitive contracting system for the NHS in the United Kingdom 
is a leading example of an international trend (52). Government 
policies to purchase social services have been successful in achieving 
‘embedded development’ (53), and Fionk Richard et  al. offer an 
explanation in terms of transaction cost theory, arguing that non-profit 
contracts are more likely to occur when transaction costs are low; 
when the political system and the structure of the service market 
result in high transaction costs, the government will produce services 
for older people internally rather than contract with non-profit 
providers. Some scholars have argued that contract management 
capacity is an important determinant of local government services for 
the older adults (54). Public trust in government is expected to 
facilitate the effective delivery of public services (55–57). Other 
scholars have argued that there is a symbiotic evolutionary relationship 
between local governments and public health service organizations 
under different reward and punishment mechanisms (58, 59), and that 
how to reduce the quality risk through ex ante policy design is key 
(60). There are also studies that suggest that government purchasing 
power and diversity of regulatory agencies are the primary 
considerations for government purchasing of older adults services, 
with the remaining vulnerability influences ranking second and 
third (61).

There is a clear trend towards seeking to integrate long-term 
geriatric care with curative and preventive care, especially in 
community-based settings. Integration is reflected not only 
horizontally but also vertically, transcending public and private 
boundaries (62). Social support and social connectedness are critical 
to the health and well-being of the older population (63). Good social 
care bridges the gap between the healthcare system and the social 
support system, and can also promote the use of long-term care 
services in the community through recreational activities. Notably, 
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social engagement in recreational activities can help promote and 
improve integrated care services (64–66).

Under the influence of Western social welfare pluralism, the 
Chinese government’s purchase has become a new pathway for the 
provision of institutional older adults care services, with the 
government gradually changing from a “direct provider of services” 
to an “indirect provider of services.” In China, there are three main 
models: the public private sector, the private government, and the 
public subsidized private sector (67). Other scholars argue that, in 
terms of commission-agent relationship, social work agencies, as the 
main private organizations that the government purchases 
community older adults care services from, are subject to both 
“contractual commissioning” by the civil affairs department and 
“administrative commissioning” by the street offices, which can easily 
lead to multiple This can lead to multiple information asymmetries 
and differences in value orientations among multiple parties (68). 
Romzek and others have explored the effectiveness of contractual 
responsibility in social service contracts through a number of cases 
where government accountability has been weakened by the use of 
risk transfer, systems that rely on multiple competing providers and 
the adoption of new information technologies (69). In particular, 
since the 12th Five-Year Plan (2011–2015), the central government 
has increased its efforts to create a market for older adults care 
services (Du, 2013: 59) (70). On the other hand, in China’s 
institutional environment, public participation is inadequate and the 
government’s purchase of public services is guided by the traditional 
sectoral and administrative preferences in public service provision, 
which can easily lead to a deviation between public services and 
public demand. Therefore, the effectiveness of government purchase 
of public services has become the central issue at hand (71). Some 
Scholars have also examined the reasons for government purchases 
of public services, suggesting that corporatization, public-private 
partnerships (PPP) and public-private partnerships (PPP) are the 
drivers of the externalization options for public service delivery, and 
that a combination of financial and economic efficiencies are the 
factors behind externalization. In addition, political ideology 
influences the choice of PPP (72). While some scholars in the current 
academic community argue that governments have the potential to 
increase overall social welfare through social public purchasing, little 
is known about how indirect purchasing can be  utilized to meet 
social needs (73).

2.3. Micro-level − “supply and demand 
bias” studies

That population aging is a social problem faced by many countries 
around the world (74–77), and should be given high priority on the 
agendas of local and national Governments. All sectors should 
be  involved in adapting care systems and programs to the rapid 
growth of older persons and the relative balance of age groups in the 
population (78, 79). Severe population aging has led to a rapid increase 
in demand for urban older adults care services in most countries 
(80–83). There is a certain degree of deviation between the supply of 
government-purchased older adults care services and the actual needs 
of the older adults. The imbalance in service provision and the 
exploratory design of the insurance system remain to be resolved (84, 
85). The level of imbalance in older adults care services began to 

increase in 2009 and further intensified in 2011. Dongsheng and 
Yanfang used both matrix scatter plots and regression analysis to show 
that the imbalance between supply and demand for older adults care 
services in China is significantly related to the funding of older adults 
care services, the number of institutions providing older adults care 
services and the number of professionals in older adults care services 
(86). The ‘supply–demand bias’ between government supply and older 
adults demand is mainly reflected in the following: firstly, the 
government’s purchase of family services for the older adults may 
be ethically risky and inefficient. The use of policy to establish the 
relationship between parents and children in the purchase of services 
is contrary to the natural harmony of kinship and ethical relationships, 
and an unreasonable policy design that ignores the ethics of kinship 
will affect the objectivity and fairness of the assessment of older adults 
care services (87). Secondly, the traditional criteria for classifying 
older adults in poverty can no longer be adapted to the reality of the 
older adults, and the main beneficiary group of the older adults service 
support policy has changed (88, 89). There is a mismatch in 
expectations and perceptions of integrated care between service 
providers and older users, users are often less aware of the need for 
team-based care and the links between their social and medical needs 
(90–92). Addressing governance and management issues is critical to 
the development of care for older people (93). Therefore, local 
governments should, on the basis of adhering to the ethical value of 
fairness and justice in social welfare distribution, clearly define the 
general and specific scope of government purchase of older adults care 
services, reasonably configure the subsidy standards for older adults 
care services, and formulate long-term phased plans to cover older 
adults from low-income families in urban and rural areas, so as to 
ultimately promote the purpose of providing for all members of 
society (94). Other scholars, drawing on the views of new 
institutionalism, believe that the root of the institutional dilemma lies 
in the government’s failure to provide social organizations with 
suitable institutional norms in the process of transferring older adults 
care functions, and that the government, as the main body of 
institutional supply, should take into account the socio-cultural 
background and the characteristics of older adults care services, and 
carry out institutional innovation in two aspects, namely optimizing 
regulatory elements and internalizing cultural-cognitive elements 
(95). The above scholars have taken the pulse of the problem of 
“supply–demand discrepancy” between government purchase and the 
needs of the older adults, and have prescribed precise remedies.

In conclusion, the existing studies have provided useful reference 
for the academic community to explore the research on coping with 
aging, and have made an important contribution to the research on 
the government’s purchase of older adults services. These studies 
provide valuable insights into the factors affecting the effectiveness of 
government purchasing of services, and reveal the different roles of 
the government and social forces in government purchasing of older 
adults services, the potential risks in the process of cooperation, as 
well as the problem of “supply and demand bias” between the 
government and the older adults. The shortcomings are that the 
established studies focus on the description of the theoretical level of 
the government’s purchasing of older adults services as a matter of 
course, lack the description of diversified practices in different regions, 
and most of them sever the influencing factors from the differentiated 
effects, lacking a more complete research logic. There are fewer studies 
on the influencing factors of the effect of the government’s purchase 
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of older adults services supply, and fewer empirical studies on the 
government’s purchase of older adults services, especially not 
discussed in the special context of China’s large population size and 
rapid aging rate. Although some relevant studies have been conducted 
in China, there are not many focused studies on excellent national-
level cases utilizing the grounded theory approach, which happens to 
be a key research gap that can be filled by public management scholars.

Based on this, this paper will do further research, using the 
grounded theory research methodology, starting from the practical 
experience of Chinese regions, and selecting 11 typical representative 
cases of government purchase of older adults services from the list of 
excellent cases of home and community-based older adults service 
reform pilots published by the Ministry of Civil Affairs, to respond to 
the influencing factors affecting the purchase of older adults services 
by the local government as well as the inherent cause and effect 
mechanism on the doctrinal level, and to strive to this study seeks to 
make up for the lack of attention to the actual situation in existing 
studies, and to enrich the theoretical value and management practice 
of the study of government purchase of senior care services. At the 
same time, this study also helps to re-examine the problems in the 
governance of multiple supplying subjects in the government’s 
purchase of older adults services at the practical level, and provides 
theoretical support and policy suggestions for the realization of benign 
governance of multiple subjects in the government’s purchase of older 
adults services, so as to enhance the effectiveness of the governance of 
the local government’s response to aging.

3. Research design

In this paper, 11 excellent cases were selected, and the text content 
was analysed using NVivo12 software, and the data content was coded 
at three levels of open coding, main axis coding and selective coding 
with the help of the rooting theory method, and further theoretical 
saturation verification was made, and finally an impact relationship 
model was established.

3.1. Data sources

“During the 13th Five-Year Plan period, the Ministry of Civil 
Affairs and the Ministry of Finance” have selected five batches of pilot 
projects in 203 areas across the country, and in terms of regional 
distribution, the five batches of pilot projects cover 26 cities (districts) 
in 20 provinces, 28 cities (districts) in 17 provinces, 36 cities in 22 
provinces, 54 cities in 30 provinces, 59 cities in 30 provinces, and 
Lhasa in the Tibet Autonomous Region. In March 2022, the General 
Office of the Ministry of Civil Affairs and the General Office of the 
Ministry of Finance announced the list of outstanding cases of home 
and community-based older adults service reform. 51 outstanding 
cases were selected to bring together the advanced experience of home 
and community-based older adults service reform across the country. 
In this paper, we  have selected 11 typical representative cases of 
government purchase of older adults services for study, and the 
principles of case selection are “authority, typicality, innovation, 
diversity, and case completeness,” which are as follows: (1) Authority: 
The Ministry of Civil Affairs (MCA) is an important department of 
the Chinese government responsible for the supervision and guidance 

of the reform of the home-based and community-based older adults 
services. Supervision and guidance of the reform. The list of excellent 
cases published by the Ministry of Civil Affairs is an authoritative 
source recognized nationwide, with strong credibility and 
representativeness. (2) Typicality: After evaluation and screening, 
these 11 samples selected in this paper represent typical experiences 
that have achieved remarkable results in the field of home and 
community-based older adults service reform. The practical feasibility 
of these cases has been verified, and they can provide feasible older 
adults service reform solutions for other regions or organizations. (3) 
Innovative: These 11 samples are innovative, reflecting the different 
practices and attempts of various regions in the reform of home and 
community-based older adults services. By studying these prominent 
cases, it is possible to understand the experiences and practices of 
different regions, and extract the success factors and lessons learned 
from them, so as to provide lessons and references for other regions 
or organizations. (4) Diversity: The cases selected in this paper cover 
different regions and different types of older adults service reform 
cases. Choosing to study 11 prominent cases can ensure that a 
comprehensive understanding of different regions and types of cases 
is obtained during the research process, thus broadening the horizon 
and improving the breadth and depth of the study. (5) Case 
completeness: a quality case should contain sufficient information and 
data so that readers can gain an in-depth understanding of the case’s 
background, objectives, implementation process, outcomes and 
effects. The relevant information and data of the cases selected for this 
study are comprehensive, detailed and reliable, and therefore feasible 
for in-depth research.

As the “9,073” model is the main mode of older adults care in 
China, i.e., 90% of older adults age at home, 3% in older adults care 
institutions and 7% in the community, i.e., 97% of older adults choose 
to age at home or in the community. This means that 97% of the older 
adults choose to age at home or in the community, therefore, the 
sample of “excellent cases of home and community older adults 
service reform” is more representative. The 11 cases selected are 
shown below:

 1. Fengtai District, Beijing: Focusing on the immediate needs of 
older adults with disabilities and dementia, developing 
“respite services.”

 2. Nantong, Jiangsu Province: Innovative “chain-type older adults 
care” service model.

 3. Wuhan City, Hubei Province: interoperability between reality 
and reality, mutual integration of home and hospital, exploring 
a new model of “Internet + home care.”

 4. Anshan City, Liaoning Province: Seizing new opportunities to 
build a new pattern for the development of rural home and 
community-based older adults care services.

 5. Changning District, Shanghai: Focusing on the “Five Firsts” to 
Improve the Graded Care System for the older adults with 
Cognitive Impairment.

 6. Jiangning District, Nanjing, Jiangsu Province: Coordinated 
development of business and industry to build a home care 
service system for the older adults.

 7. Xihu District, Hangzhou City, China: Exploring the 
establishment of “one bed for the older adults” service 
mechanism through innovation-driven digital 
intelligence empowerment.
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 8. Anqing City, Anhui Province: Adhering to the precision and 
standardization of performance and innovating the 
institutional mechanism of government purchase services.

 9. Xiashan District, Weifang City, Shandong Province: Cracking 
the problem of old-age care for the disabled in rural areas with 
“four” construction.

 10. Weihai City, Shandong Province: Spreading “three networks” 
to build a wisdom home care project.

 11. Beilin District, Xi’an City, Shaanxi Province: Implementing the 
“embedded” bed-based older adults care model to solve the 
problem of older adults care services in the main city.

The study started through the Chinese government website,1 local 
government official websites, China Knowledge Network, news media 
(including online versions of media), and then snowballed into the 
relevant websites involved in the case, comprehensively collecting relevant 
government policy documents, officials’ speeches, research literature, 
work summaries or reports of relevant departments, mass media reports, 
etc. The case materials were then compiled into a standardized form that 
could be used for further academic research. Literature search, word 
frequency analysis and text analysis were used to extract features from the 
policy texts and analyse the relationships between the elements.

3.2. Research methodology

Grounded theory is a commonly used and influential qualitative 
research method. Compared with other qualitative research, grounded 
theory has a complete and relatively standardized set of operational 
procedures, with special emphasis on summarizing the empirical 
generalization from the original data and then rising to the theory, 
which improves the scientific nature of qualitative research and also 
has strong practicality.

Grounded theory research methodology has a wide range of 
applications in the social sciences, for example, in the field of education 
research, Veladat et al. explored the issue of talent management in 
elementary school from the perspective of education experts, who were 
asked to respond to an open-ended researcher-designed questionnaire 
for data collection, and based on grounded theory, conceptualized four 
main categories from the findings of the questionnaire (96). Also for 
example in the field of behavioral science, Mahdi Malakoutikhah was 
conducted in 35 industries using a semistructured interview based on 
grounded theory, from the interview data organizational factors were 
the most categorized, and it is estimated that this factor has a more 
important role in the UBs (97). As another example, in the field of 
economics, Cheng Guisun et  al. based on the social responsibility 
reports released by 12 local Internet platform enterprises such as 
Alibaba, DDT, Meituan, etc., applied the grounded theory analysis 
method and used Nvivo 12.0 software to open coding, spindle coding 
and selective coding of the raw materials in order to summarize and 
extract China’s Internet platform corporate social responsibility. In 
conclusion (98). Grounded theory takes “constructive theory” as its 
primary meaning: that is to say, through the systematic analysis of 
qualitative data, it can make a general explanation of social phenomena 
or problems, explore the correlation between things, and predict the 

1 http://www.gov.cn

laws and trends, which can make up for the shortcomings of qualitative 
research in the field of theoretical construction.

NVivo software is one of the qualitative analysis software widely 
recognized and used by academics (99), and its powerful coding, 
querying, and categorization functions can help researchers 
conveniently analyze large amounts of interviews, cases, policies, and 
other texts, and is commonly used to help social science researchers 
solve problems that are difficult to solve quantitatively or qualitatively 
alone. Researchers can use NVivo to annotate, highlight, tag, and code 
text to identify important themes, patterns, and relationships, which 
can help uncover hidden information in the data and help researchers 
better process and analyze their research data and derive valuable 
insights and findings from it. In short, the NVivo data analysis tool has 
significant advantages and has the ability to code data beyond manual 
limitations (100), allowing for more efficient and accurate retrieval, 
analysis and coding of data (101), helping to construct theoretical 
propositions and formulate hypotheses to be  tested in qualitative 
research (102). This study adopts the grounded theory approach to 
carry out research, coding the textual information with the help of 
NVivo12 software, and abstracting, condensing and categorizing 
certain important information with the help of the background 
knowledge of related interdisciplinary disciplines such as public 
administration and social security. With the help of the grounded 
theory method, the content of the information was coded at three 
levels: open coding, spindle coding and selective coding, and the 
textual information was dissected in depth, so as to concretize the 
deeper tacit knowledge, in order to better analyze the attributional 
effects of the government’s purchasing of older adults care services. 
The research process is divided into three steps:

3.2.1. Open coding
The first step in this study was to conduct open coding of all the 

information. The requirement of open coding is that the researcher 
must try to discard personal bias or specific research bias and code 
and analyse the primary sources in an open and free manner so as to 
refine new concepts and develop new categories (103). Divided the 
260,000-word primary source into 25 document samples and 
extracted and identified 455 initial utterances and their corresponding 
initial concepts, of which four-fifths (i.e., 20) were randomly selected 
for coding and model construction, and the remaining five were used 
for theoretical saturation tests. The following table excerpts 1–2 
original utterances and their corresponding initial concepts (Table 1).

3.2.2. Main axis coding
Open coding breaks up, splits and interprets the information to 

obtain different concepts that may be internally related. Main axis 
coding means discovering the similarities and semantic links between 
the initial concepts on the basis of open coding, discovering the 
potential logic between the categories, and constructing the class 
relationship between the initial concepts by reorganizing and 
exploring them. In this study, the 24 free nodes obtained from 
NVivo12 open coding were categorized according to the 
interrelationship and logical order of the concept levels, and a total of 
11 categories were identified, which are summarized in Table 2.

3.2.3. Selective coding
Selective coding generally involves five steps: specifying the 

story line of the information, describing the primary and secondary 
categories and concepts, testing the initial hypotheses and filling in 
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the conceptual categories that need to be added, selecting the core 
categories, and establishing systematic links between the core 
categories and other categories (104). Selective coding uses a large 
amount of data to filter the codes and extract the core categories, 
which ‘emerge naturally’ from the open-ended coding and have two 
main characteristics: the importance of association and frequent 
recurrence (105). Following the selective coding approach of rooting 
theory, the core category of “the effectiveness of local government 
purchase of older adults care services supply” was identified, and the 
story line around the core category can be broadly summarized as 
“social reality demand” The four main categories of “governmental 
authority and responsibility system,” “governmental governance 
capacity” and “social acceptance capacity” have a significant impact 
on the effectiveness of the government’s purchase of older adults care 
services. Among them, the real demand of society is the external 
driver of the supply of senior care services purchased by the 
government, “government authority and responsibility system” is the 
fundamental guarantee factor, “government governance ability” is 
the direct determinant, “social acceptance ability” the typical 
relationship structure (story line) of the main categories is shown in 
Table 3.

3.3. Theoretical saturation validation

This study used an additional four-fifths of the document sample 
for saturation validation. The results showed that the initial concepts 
and categories were saturated, and no new categories or class 
relationships were found. This indicates that the four main categories 
(social reality needs, governmental power and responsibility system, 
governmental governance capacity, and social acceptance capacity) 
obtained from the open coding, main axis coding and selective coding 
of the sample data based on the grounded theorycoding method have 
good validity and theoretical saturation, and the analysis results 
obtained on this basis are complete and rich. These main categories 
and their counterparts, and the typical relationships thus established, 
will also serve as a direct basis for the analysis of the influencing 
factors below.

This study identifies the core category of “Effectiveness of local 
government purchase of older adults care services supply,” and the 
four main categories of “story line” around the core category, i.e., 
social reality demand, government authority and responsibility 
system, government governance ability and social acceptance ability, 
have significant influence on the effectiveness of local government 

purchase of older adults care services supply. The four main categories 
of “story line” around the core category, i.e., the real demand of the 
society, the government’s power and responsibility system, the 
government’s governance capacity and the social acceptance capacity, 
have significant influence on the effect of local government purchasing 
older adults care services supply, and further establish its influence 
relationship model as shown in Figure 1.

As shown in Figure 1, firstly, the supply effect of government 
purchased older adults services is driven by social reality demand: 
due to the serious aging phenomenon and many older adults’s 
difficult life problems, resulting in the emergence of a large number 
of socialized older adults service demand, so the social reality 
demand factor is the external driving factor of the government 
purchased older adults services. Secondly, the government’s power 
and responsibility system ensures the supply effect of the 
government’s purchase of older adults services: the strict 
organizational management system and the clear division of 
government responsibilities have built a standardized government 
service system, which provides a fundamental guarantee for the 
government’s purchase of older adults services. Once again, the 
government’s governance capacity is a direct determinant of the 
supply effect of government-purchased senior care services, which 
is composed of problem-responsive capacity, system-supplying 
capacity and cooperative governance capacity, digital construction 
capacity and supervisory and management capacity, with problem-
responsive capacity directly oriented to the needs of the social reality 
and supervisory and management capacity oriented to the 
undertaking of the social organizations. Finally, the social 
undertaking capacity is the necessary support for the effect of the 
government’s purchase of older adults services: the social 
undertaking capacity includes the operation of the city’s socialized 
market as well as the cultivation of professional talents; only when 
society has a strong undertaking capacity can it provide good older 
adults services for the older adults.

4. Explanation of the model of factors 
influencing the effect of government 
purchase on the supply of older adults 
care services

Based on the theoretical analysis of the sample data, it is 
concluded that the factors influencing the supply effect of 
government purchased older adults care services are the real 

TABLE 1 Categalization of open coding.

Primary category Original statement (initial concept)

A1 The base of the older adults is large
In November 2020, it reached 15.8 percent, higher than the average level of 13.3 percent in Beijing, and the total number 

reached 320,000.

A2 The older adults have a high demand for 

their services

In Jiangning, there is one older adults person in every four people, 98 percent of whom choose home care, and 40 percent 

of whom live in rural communities in the hilly areas of the area. When the older adults encounter difficult to eat, medical 

treatment, care, who should find who, how to pay, how to deal with disputes.

…… ……

A23 strengthen personnel team building
To form a home care service team combining older adults care personnel, social workers, volunteers, family and social 

members.

A24 improve the service level of personnel
Strengthen the capacity building of management personnel, medical and health care professionals, and nursing staff, and 

carry out vocational and technical training and skill evaluation related to health for the older adults.
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demand of the society formed by the high degree of aging, the 
complex and tense government power and responsibility system 
under the section logic, the government governance ability 
consisting of the ability to respond to problems, the ability to supply 
system and cooperate in governance, the digital construction ability 
and the supervision and management ability, and the social 
acceptance of older adults care services. The government’s ability to 
respond to problems, cooperate in the supply of institutions and 
governance, build digital capacity and supervise and manage, as 
well as the social acceptance of older adults care services, all 
influence the effectiveness of the local government’s purchase of 
older adults care services.

4.1. Social reality needs

In the course of the study, it was found that a general 
commonality among these good cases is that the degree of aging 
is much higher than in other regions. These regions have a 
stronger demand for older adults services, in which case local 
governments and social organizations and enterprises have a 
stronger external drive to provide good services for the older 
adults, and are therefore more likely to provide better older adults 
services. As shown in (Table 4), this is the ranking of the degree 
of aging in 11 cities (districts). Fengtai District in Beijing, with 
the proportion of older adults household members to the total 

TABLE 2 Main category formed by the spindle encoding.

Fundamental 
category

Deputy category Initial category

Social reality needs

B1 Social reality needs
A1 The base of the older adults is large

A2 The older adults have a high demand for their services

B2 Difficulties in life are prominent
A3 The problem of disability and dementia care is prominent

A4 The proportion of empty nest and “only generation” older adults has increased

Government power and 

responsibility system

B3 organization and management system
A5 Party leadership

A6 Party leadership

B4 Division of government responsibility

A7 Service objectives

A8 Standardize the service system

A9 Construction of a grassroots service mechanism

Government governance 

capacity

B5 Problem response ability

A10 Development opportunity identification

A11 Innovation-driven consciousness

A12 Strengthen the concept of service

B6 System supply capacity
A13 System building

A14 Policy subsidy support

B7 Ability to cooperate in governance
A15 Guiding the participation of social forces

A16 Standardize industry operation

B8 Digital building capacity
A17 Smart service

A18 Intelligent platform

B9 Supervision and management ability
A19 Supervision and evaluation

A20 performance appraisal

Social undertaking 

capacity

B10 Socialization and market-oriented operation
A21 Integrate community pension resources

A22 Cultivate older adults care industry clusters

B11 Professional talent training
A23 Strengthen personnel team building

A24 Improve the service level of personnel

TABLE 3 Typical relational structure of the main category.

Typical relationship structure The connotation of the relationship structure

Social realistic demand – external drive – supply effect
Social realistic demand is the external driving force that affects the supply effect of government purchase 

of older adults care services.

Government power and responsibility system – fundamental 

guarantee – supply effect

The government power and responsibility system provides a fundamental guarantee for the supply effect 

of the government’s purchase of older adults care services.

Government governance ability – direct decision – supply effect
The governance ability of the government directly affects the supply effect of the government’s purchase 

of pension services, which is the most important part of the four factors.

Social undertaking capacity – necessary support – supply effect

The social undertaking capacity is the necessary support for the supply effect of the government’s 

purchase of older adults care services. The cooperation and coordination with the government have a 

significant interaction effect and a positive synergistic effect.
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population of the district at 29.2%, is ranked the first in the city 
in terms of the degree of aging; Nantong City in Jiangsu Province, 
a famous hometown of longevity, has an aging rate of the resident 
population of 30.01%, and there are 2,318,600 older adults over 
60 years of age in the city, which is ranked the first in the province 
in terms of aging; Wuhan City in Hubei Province is ranked the 
first in the province in terms of its degree of aging; Wuhan City, 
Hubei Province, the degree of aging is also located in the 
province’s first … In addition to this, Anshan City, Liaoning 
Province, Changning District, Shanghai City, Jiangning District, 
Nanjing City, Jiangsu Province, Weifang City, Shandong Province, 
Xiaoshan District, Weihai City, Shandong Province, these five 
cities (districts) are also located in the province (city) first; the 
remaining three provinces and cities, Beilin District, Xi’an City, 
Shaanxi Province Of the remaining three provinces and cities, 
Beilin District in Xi’an City, Shaanxi Province, ranked second in 
the city, Anqing City, Anhui Province, ranked third in the 
province, and Xihu District in Hangzhou City, Zhejiang Province, 
ranked 14th in the province. 11 excellent cases, except for Xihu 
District in Hangzhou City, Zhejiang Province, the remaining 10 
cities (districts) ranked in the top three of the province 
(municipalities) in terms of the degree of aging.

These regions are at the forefront of the aging trend in the country, 
with their distinctive characteristics of rapid development and large 
senior populations. High levels of aging mean that there is a greater 
likelihood of caregiving problems for the older adults, empty nesters, 
the disabled, the demented and even those in critical condition, which 
places a greater burden on family care and creates a greater demand 
for government purchased older adults care services. In response to 
the rapidly growing demand for older adults care services, the rational 
allocation of limited resources and the improvement of public 
satisfaction have become one of the pressing issues to be addressed in 
the government’s purchase of older adults care services (106).

Traditionally, families are the main supply of older adults care 
services in China, but with the miniaturization of family size, the 
de-feminization of women and the increased mobility of the labor 
force, the older adults care burden of families is getting heavier with 
age, and it has become difficult to support the increasing pressure on 
older adults care, and the family older adults care function is 
continuing to weaken. The large number of older adults with diverse 
and multi-level needs, such as living needs, medical needs, spiritual 
needs and mental health needs, call on local governments to introduce 
a series of policy measures to meet the challenges of older adults care 
services. Our government has long held the value of “putting people 
first” and some local governments, under the pressure of increasing 
social demand, have attached great importance to older adults care 
services in an effort to solve family problems and alleviate social 
issues. The government is actively coordinating social resources based 
on the resources and characteristics of the region to help improve the 
quality of life of the vulnerable older adults, provide support for the 
older adults in need, innovate the service provision mechanism and 
improve the effectiveness of the provision of older adults care services 
in order to improve the quality of life of the older adults, thus the 
social demand factor is the external driver for the government to 
purchase older adults care services.

4.2. The system of governmental authority 
and responsibility

The system of government powers and responsibilities is a 
fundamental proposition in the daily operation of the Chinese 
government, and provides a research perspective for understanding 
the logic of the local government’s purchase of older adults care 
services. Under the logic of science, the system of government powers 
and responsibilities is complex and tense. A sound system of 

FIGURE 1

Impact model diagram of the supply effect of government purchase of older adults care services.
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government powers and responsibilities can sort out the flow of power 
and avoid problems such as unclear division of responsibilities and 
disorderly expansion of power, which is a fundamental guarantee for 
the effectiveness of government purchase of older adults care services. 
In the practice areas of these 11 excellent cases, the government’s 
purchase of older adults care services is generally co-ordinated by a 
leading group, with each (city) district and relevant departments 
setting up corresponding leading agencies and work teams, and the 
finance, establishment, audit, supervision and relevant competent 
departments under the unified leadership of the municipal (district) 
government, establishing a working mechanism under the unified 
leadership of the government, led by the finance department, with 
functional departments performing their duties and supervision 
departments The working mechanism of safeguarding. The 
improvement of the government’s power and responsibility system is 
conducive to each department performing its own duties, clarifying 
the specific division of labor, effectively performing the duties of 
co-ordination and planning, policy support, funding guidance, typical 
demonstration, supervision and management, etc., forming a 
practical, co-ordinated, standardized and efficient system of 

government purchase of older adults care services, and promoting the 
healthy development of government purchase of public services. For 
example, Fengtai District has set up a “Leading Group for Accelerating 
the Development of the older adults Service Industry,” headed by the 
executive vice mayor, with the vice mayor in charge of civil affairs, 
land and planning, and the office located in the District Civil Affairs 
Bureau, with members from relevant units; Nantong City has 
published the division of tasks and progress arrangements for 
improving the quality of older adults care services in the form of a 
table on its official website; Xiashan District has set up a committee 
headed by the District Party Committee, which is responsible for the 
development of older adults care services. The key tasks, leading units 
and cooperating units will be  made public. By improving the 
government’s power and responsibility system and clarifying the 
respective work responsibilities in the leading group, the boundaries 
of the government’s exercise of public power and interference with 
private rights are outlined, and institutional adjustments and 
structural adjustments are made within the basic political framework 
and power structure, in an attempt to lock administrative power into 
the cage of the system. By clarifying the scope of administrative 

TABLE 4 Ranking of aging degree in 11 cities (districts).

Area Data on the older adults The degree of aging 
ranking

Fengtai District (Beijing)

The older adults population in the sixth district of Beijing is 2.168 million, 

accounting for 65% of the city’s older adults population. In Fengtai District, with 

the highest degree of population aging, the registered older adults population 

accounts for 29.2% of the total population.

The first in the municipality

Nantong City (Jiangsu Province)

Nantong is a famous hometown of longevity. The aging rate of the permanent 

resident population has reached 30.01%, and there are 2.318,600 permanent 

residents over 60 years old.

The first in the province

Wuhan City (Hubei Province)
According to the registered population information, Wuhan has the largest 

number of older adults, with the degree of population aging of 21.75%.
The first in the province

Anshan City (Liaoning Province)

According to the current annual increase of the older adults population in 

Anshan by 7.7%, it is expected that by 2020, the number of older adults aged 60 

and above in the city will reach 1.03 million, accounting for about 29.4% of the 

total population.

The first in the province

Changning District (Shanghai)

According to the official account of Changning Civil Affairs, by the end of 

2020,224,200 people registered in Changning District were registered, among 

which the older adults over 80 years old accounted for 6.9% of the total 

population of the district, ranking first in Shanghai.

The first in the municipality

Jiangning District Nanjing City (Jiangsu 

Province)

Nanjing has 1,824,600 permanent older adults population aged 60 or above, 

among which Jiangning District is the largest, reaching 216,800.
The first in the municipality

Xihu District (Hangzhou City, Zhejiang 

Province)

The number of older adults over 60 years old in Xihu District has exceeded 

130,000, accounting for 18% of the total population.
The fourteenth in the municipality

Anqing City (Anhui Province)

The population of Anqing city aged 60 and above is 895,624, accounting for 

21.50%, among which the population aged 65 and above is 710,606, accounting 

for 17.06%.

The third in the province

Xiashan District (Weifang City, Shandong 

Province)

Weihai city, which has the highest degree of aging in Shandong Province, 

accounts for 26.39%.
The first in the municipality

Weihai City (Shandong Province)
Weihai city, which has the highest degree of aging in Shandong Province, 

accounts for 26.39%.
The first in the province

Beilin District (Xi’an city, Shaanxi Province)
The population aged 60 and over was 152,839, accounting for 20.19%, of which 

the population aged 65 and over was 107,195, accounting for 14.16%.
The second in the municipality
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subjects and powers, regulating the basic procedures of government 
purchase of older adults care services, improving government 
supervision mechanisms and perfecting the standards of practice in 
the older adults care service industry, a standardized government 
service system is thus constructed, and the systematic promotion of 
holistic government construction and local government purchase of 
older adults care services is realised.

4.3. Government governance capacity

The government’s governance capacity is a direct determinant of 
the effectiveness of the government’s purchase of older adults care 
services supply. The ability to respond to problems, the ability to 
supply systems and cooperate in governance, the ability to build 
digitization and the ability to supervise and manage are together the 
government’s governance capacity. The specific implications are as 
follows: against the background of the realistic needs of society, the 
problem-responsiveness of local governments is the first assessment 
criterion of government governance capacity. Only when local 
governments have a strong ability to identify development 
opportunities, a sense of innovation and a people-oriented service 
concept can they have good problem-responsiveness, which is the first 
threshold for providing good results in older adults care services. 
Institutional supply capacity and cooperative governance capacity 
enhance the ability and willingness of multiple subjects to participate 
in social governance and promote the formation of a social governance 
community. To a certain extent, digitalization has reshaped the 
relationship between the government, society and market players, 
empowering them with a “multi-faceted and collaborative” governance 
mechanism. Supervisory and management capacity is the last line of 
defense to fully utilize the power of social participation to enhance the 
effectiveness of social governance and limit its negative effects. The 
government, society and families are the three key stakeholders 
involved in the government purchase of older adults care services, and 
it is clear that the key party in resolving conflicts is still the 
government. The government plays an important role in the whole 
process as the responder to the issue of government purchase of 
services, the initiator of service supply, the provider of funds, the 
coordinator of cooperative governance and the ultimate regulator. 
Although the government’s measures to purchase community-based 
older adults care services have alleviated the pressure to respond to the 
demand for older adults care services, the ‘public nature’ of older 
adults care services prevents the government’s responsibility from 
being weakened (71). The government should take “unlimited 
responsibility” for the sound functioning of the mechanism, including 
institutional improvement, financial incentives, coordination of 
interests, and monitoring and evaluation (107). The socialization of 
intergenerational relationships is also giving rise to new models of 
market provision and family support for older adults care services 
(108). In the operational mechanisms of the 11 outstanding cases, the 
degree of market and social participation, as well as the form and state 
of participation, depend mainly on the operational space given by the 
government, and the local government triggers the strategic choices 
of society and families to evolve in the direction of ‘provision’ and 
‘participation’, continuing to play a role in the mechanism The local 
government’s strategic choice of triggering society and families evolves 
in the direction of ‘supply’ and ‘participation’, and continues to play a 

leading role in the design of mechanisms and the construction of 
policies to promote win-win benefits for all participating parties.

4.4. Social acceptance capacity

The ability to take over is the basis for social organizations to 
effectively participate in the supply of older adults care services, and 
the ability to take over determines the direct supply effect of the local 
government’s purchase of older adults care services. At the present 
stage, a common problem facing China is that the lack of social 
organizations has seriously restricted the vigorous implementation of 
the government’s purchase of public services (109), and the “inability” 
and “necessity” are the real dilemma faced by social organizations in 
the government’s purchase of older adults care services. This is the real 
dilemma faced by social organizations in the government’s purchase 
of older adults care services. In the 11 cases studied in this paper, local 
governments were able to mobilize their own social resources to 
provide support for older adults care services, and the role of 
incentives and guidance was obvious. Social organizations are more 
capable in terms of funding, personnel, rules, technology, knowledge 
and skills, and are more familiar with the characteristics and real 
needs of the public served, which supports the good supply effect of 
government-purchased older adults care services. Social forces have 
shown considerable autonomy and feasibility in the process of 
government purchase of older adults care services, caught in the 
complexity of the relationship between interest subjects, forming a 
government-led partnership with the government to provide a richer 
range of older adults care services in a public demand-oriented 
society. Under the market logic, social organizations and enterprises 
are often faced with risks and challenges in multiple dimensions, such 
as organization, operation, system and ethics. They are able to build 
up a good relationship of trust with the public under the supervision 
and control of the government, to develop their innovative capacity, 
to improve their operational efficiency and to optimize the 
effectiveness of the provision of older adults care services.

5. Conclusion and discussion

The government purchase of older adults care services is a large 
and complex system project, designing many elements and systems. 
This paper focuses its attention on the influencing factors of the 
service supply effect, and studies 11 excellent cases of local 
government purchase of older adults care services, including 
Fengtai District in Beijing, coding the collected data at three levels 
with the help of the rooting theory approach to the content of the 
data, and constructing a relational model. Text analysis was 
conducted with the help of NVivo12 software in an attempt to 
answer the question: Why did the local governments’ purchase of 
older adults care services show differentiated effects when they were 
also driven by high central policies, constrained by limited 
government resources and with the same weak economic preference 
attributes? What are the factors that influence the supply effect of 
local government purchase of older adults care services? 11 cases, 
although the service models show diversified, differentiated and 
diverse characteristics, but through the extraction of the primary 
data, it can be concluded that the regions with good supply effect of 
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government purchase of older adults care services have the same 
generation logic and supply mechanism. Based on the logic of the 
local practice of local government purchase of services, this paper 
abstracts the “social reality demand,” “government power and 
responsibility system” and “government governance capacity” 
around the story line of “the effectiveness of local government 
purchase of older adults care services supply.” “Government 
governance capacity” and “social acceptance capacity,” which have 
significant effects on the supply effect of government purchase of 
older adults care services, and further proposes that the factors 
influencing the supply effect of local government purchase of older 
adults care services and causal mechanisms are as follows:

The study found that the effect of local government purchasing 
on the supply of older adults care services is clearly driven by the 
social reality of demand triggered by the degree of aging, and the 
higher the degree of aging, the stronger the external drive of the 
government, and the more likely it is that the local government will 
be motivated to provide better older adults care services. At the same 
time, the purchase of older adults care services by local governments 
needs to focus not only on the external variable of real demand, but 
also on the internal variables of local governments and the solidity 
of the legitimacy base. The complete system of governmental 
authority and responsibility under the section logic, with a clear 
division of responsibilities, provides a fundamental guarantee for the 
effectiveness of the service, ensuring that every aspect of the 
government’s purchase of older adults care services runs on the right 
track. The outsourcing of older adults care services has changed the 
role of the government from that of an ‘athlete’ to that of a ‘referee’, 
putting the government’s governance capacity to a higher test. The 
ability to respond to problems, supply systems, cooperate in 
governance, build digitalization and supervise and manage is an 
important manifestation of the government’s ability to govern in five 
areas. Social organizations and enterprises play an essential role in 
supporting the government’s purchase of older adults care services. 
The government uses flexible governance tools to tap into informal 
resources and guide and encourage social forces to participate in the 
older adults care services industry, thereby improving the 
operational efficiency of the older adults care services industry and 
enhancing the effectiveness of service provision. It can be seen that 
in the government purchase of older adults care services, the 
government and society show a strong dependency relationship, and 
the practical tension between the double logic of the section and the 
market gives rise to a win-win taking direction for the organization’s 
operation, thus constituting a practical path for the government 
purchase of older adults care services supply, and the “section-
market” the legitimacy and efficiency of the dual interaction 
mechanism is the key to the success of the local government’s 
purchase of older adults care services.

As an important means for the Government to guide and 
supervise social forces, policy tools play a key role in promoting the 
development of the older adults services industry, and policy 
orientation and decision-making will have a significant impact on the 
quality of the supply of older adults services for the older adults and 
the development of the older adults services industry. Promoting the 
synergistic development of the government and social forces through 
policy will help mature and finalize the system of social services for 
the older adults and help improve the effectiveness of older adults 

services. The government needs not only to mobilize social forces and 
rationally integrate resources, but also to guide and supervise the 
process of purchasing older adults services through policy 
instruments. Therefore, the government should make good use of 
welfare policy tools, formulate a series of older adults service policies, 
improve the government’s system of purchasing older adults services, 
and clarify the direction of policy guidance, so as to give full play to 
the professional advantages of social forces’ services, and at the same 
time reflect the integrative efficacy of the government’s governance. In 
short, the sense of gain, happiness and security of the older adults 
group is the starting point and landing point of the older adults service 
policy formulation and implementation. The development of older 
adults services is related to social stability and sustainable economic 
development, as well as the well-being of people’s lives. Optimizing the 
overall layout of long-term care policies for the older adults and 
promoting the development of the government’s policy system for 
purchasing older adults services are of great significance to the 
implementation of the national strategy for actively coping with 
population aging.

Current academic research on the government’s purchase of older 
adults care services focuses on the synergistic relationship between 
the government and society, the government’s decision-making and 
behavior in the process of purchasing older adults care services, and 
the imbalance between the government’s supply and the demand for 
individual care services for the older adults care, which is enlightening 
for a deep understanding of the operation mechanism of the 
government’s purchase of older adults care services. The shortcomings 
lie in the fact that the current research is generally characterized by 
fragmentation, lack of description of diverse practices in different 
regions, insufficiently comprehensive and in-depth research on the 
whole process of government purchasing of older adults care services, 
failure to put forward systematic theoretical models, and lack of 
refinement of the universal logic of beneficial experiences. Therefore, 
on the basis of previous research, this paper further asks, what are the 
influencing factors of the effect of local government purchasing older 
adults care service supply? Why are there differentiated effects of 
older adults care services in different regions? What are the causal 
mechanisms in those effective local governments purchasing older 
adults care services? This paper adopts the grounded theory research 
method, starting from the practical experience of Chinese regions, 
selects 11 typical representative cases of government purchase of 
older adults care services from the list of excellent cases of reforming 
home and community-based older adults care services announced by 
the Ministry of Civil Affairs, establishes theories on the basis of 
empirical data, summarizes the experiences in the original data and 
then rises to theories, and responds to the factors influencing the 
effect of local governments’ purchase of senior care services on the 
doctrinal level. The study responds to the factors affecting the 
effectiveness of local governments’ purchasing of older adults care 
services at the theoretical level as well as the internal causal 
mechanism, and explores the paths for local governments to improve 
the effectiveness of their purchasing of older adults care services 
under the Chinese institutional environment, which enriches the 
relevant knowledge of older adults care services, and provides a 
realistic reference and a kind of theoretical interpretation for the 
“Chinese purchasing of older adults care services” during the period 
of transition. It also provides a reference for the practice of 
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government purchasing of older adults care services in other 
countries around the world.
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Evolutionary game and stability 
analysis of elderly care service 
quality supervision from the 
perspective of government 
governance
Qiangxiang Wang , June Liu  and Yue Zheng *

Department of Logistics and E-Commerce, School of Economics and Management, Huaibei Normal 
University, Huaibei, China

Objective:  The performance of government functions is an important guarantee 
for the standardized operation of the elderly service market. The objective of this 
study is to explore the optimal path for the government to govern the elderly care 
service market.

Methods: The tripartite evolutionary game model is proposed in the paper, which 
composed of local governments, private elderly care institutions and the public. 
Furthermore, three mechanisms, i.e. dynamic penalty and static subsidy, static 
penalty and dynamic subsidy, dynamic penalty and dynamic subsidy, are designed. 
Under these different mechanisms, the stability of each subject’s strategy choice 
is analyzed by using system dynamics simulation.

Results: The introduction of dynamic mechanisms can compensate for the 
inability of static mechanisms to bring the system to a steady state. The dynamic 
penalty and dynamic subsidy mechanism allows the system to evolve to the 
desired point of stability. The self-discipline behavior of private elderly care 
institutions is positively correlated with penalties and reputation gains-losses, 
negatively correlated with subsidies, and not correlated with supervision rewards. 
Excessive subsidies will promote the collusion of private elderly institutions.

Conclusion: Only when the local government adopts the dynamic penalty and 
dynamic subsidy mechanism will private elderly care institutions choose to 
operate in a fully self-disciplined manner. Reasonable adjustments of penalties, 
reputation gains-losses and subsidies can not only further optimize the dynamic 
penalty and dynamic subsidy mechanism, but also help to achieve diversified 
regulatory objectives of the government. This study would provide a reference for 
local governments seeking to develop effective regulatory policies for the elderly 
service market.

KEYWORDS

elderly care service, government governance, regulatory mechanism, evolutionary 
game, system dynamics

1. Introduction

The entry of social capital into the elderly care industry can effectively solve the insufficient 
supply of elderly care services (1–4), improve the utilization efficiency of elderly care resources 
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(5, 6), and meet the diversified, personalized, and hierarchical service 
needs of the older adult (7, 8). The role of social capital in the elderly 
service system cannot be ignored. In 2013, the Chinese government 
issued “Several Opinions on Accelerating the Development of the 
Elderly Service Industry,” proposing to improve the market 
mechanism and support social forces to run elderly institutions (9). 
In 2016, the Chinese government released “Several Opinions on 
Comprehensively Liberalizing the Elderly Care Service Market and 
Improving the Quality of Elderly Care Services,” which proposed to 
further relax the access conditions and optimize the market 
environment (10). In 2021, the Chinese government released the 
“14th Five-Year Plan for the Development of National Aging Cause 
and Elderly Care Service System,” which once again emphasized the 
need to fully mobilize the participation of social forces (11). However, 
as the role of social capital in the elderly service system gradually 
changes from “supplement” to “support,” the corresponding service 
quality problems also gradually appear. The late formation of China’s 
pension service market makes a series of top-level policy design 
relatively lagging behind, and the basic support for social capital is 
also insufficient. This makes it difficult to fundamentally improve the 
service quality of the elderly service market, and the problem of 
imperfect regulatory mechanisms still exists (12).

As is well-known, service quality is the necessary basis for the 
survival and development of elderly care institutions. The government 
supervision is an important guarantee for elderly care institutions to 
improve their service quality level. However, over the years, the high 
construction investment and low returns of private elderly care 
institutions have put the private elderly care institutions under greater 
operational pressure (13). This encourages them to pursue low-quality 
services that may reduce costs. For example, in 2015, a private elderly 
care institution in Henan Province cut corners in the construction of 
firefighting infrastructure to save costs, leading to a major fire (14). In 
2020, another private elderly care institution in Sichuan Province did 
not provide services for the older adult according to the contracted 
content (15). In 2022, some private elderly care institutions in 
Shandong Province failed the sampling inspection of food service 
(16). The speculative operation of private elderly care institutions not 
only infringed on the legitimate rights and interests of the older adult, 
but also increased the difficulty of government supervision. On the 
one hand, due to the particularity of service, the speculative operation 
of private elderly care institutions is not easy to be observed directly. 
On the other hand, the existing government supervision mechanism 
is also difficult to fundamentally eliminate the speculative operation 
of private elderly care institutions. Therefore, it is urgent for the 
government to establish an effective regulatory mechanism to promote 
the healthy and sustainable development of the elderly service industry.

Previous studies are mainly focused on the supervision of the 
elderly care service market and the coping strategies of various elderly 
care service problems. Based on the background of “Internet and 
community elderly care,” Wang et al. (17) constructed a four-party 
evolutionary game model. The research results showed that the 
collaborative supervision of government and seniors has a greater 
impact on the behavior strategy of suppliers and platforms. Krings 
et al. (18) analyzed China’s aging dilemma and aging policies, noted 
that the Chinese government’s aging policies are similar to those of 
Western countries and are converge toward home care, informal care, 
and healthy aging. Hung (19) assessed the gaps in smart home care 
technology and policy formulation that Chinese policymakers need to 

address. Lopreite et al. (20, 21) studied the relationship between aging 
and health expenditure, and proposed that government policies 
should balance economic, social, and health in order to improve the 
quality of life of older adults in their later years and achieve sustainable 
economic development. Pförtner et al. (22) and Hower et al. (23) 
pointed out that nursing facilities are facing challenges such as rising 
costs and staff shortages during the COVID-19 epidemic, and timely 
actions should be taken to ensure the provision of long-term care 
services. Song et al. (24) studied the market-based transformation of 
elderly care services and founded that active government response to 
public needs and preferences and the establishment of market 
regulation measures can be effective in improving social welfare. Lim 
(25) concluded that government supervision and education are 
necessary to strengthen the professionalism of nursing staff through 
in-depth interviews with 10 nursing staff. The above studies are from 
the perspective of government, and less consideration is given to other 
stakeholders in the supply of elderly care services. Furthermore, most 
of the studies on regulation focus on the supervision objectives with 
the best results, but lack of consideration of supervision objectives 
such as improving market robustness and speeding up market stability.

The static reward and static punishment mechanism are used to 
discuss the impact of government penalties and rewards on the market. 
For example, Li et al. (26) developed a game model of the evolution of the 
governance mechanism of the recycling industry and analyzed the effect 
of government penalty intensity on the behavioral strategies of recycling 
firms. Zhu et al. (27) introduced the random punishment mechanism 
into the treatment of kitchen waste. The results verified that the random 
punishment mechanism is more conducive to the system to reach a stable 
state. Wang et al. (28) designed a penalty linkage mechanism and founded 
that the penalty linkage mechanism can promote the development of the 
electronic recycling industry in the initial stage. In addition, the dynamic 
reward and dynamic punishment mechanism are also established. For 
example, Sun et al. (29) analyzed the impact of pure reward and reward-
dominated penalty-supplemented schemes on the behavior choices of 
game subjects. Based on the background of carbon emission reduction. 
He  et al. (30) proposed an evolutionary game model to study the 
government’s regulatory strategy on straw biomass energy supply chain, 
in which that the dynamic penalty strategy is conducive to the sustainable 
development of biomass energy supply chain. The reward and 
punishment, as the intervention means often used by the government to 
regulate the market, have good incentive and restraint effects, but the 
proposed dynamic reward and dynamic punishment mechanism are 
mainly based on the government and the private sector. Also, they are 
lack of discussion on the dynamic reward and dynamic punishment 
mechanism under the participation of multiple agents, and consideration 
on the non-linear dynamic reward or punishment mechanism. This is not 
conducive to the depiction of the reality of the market.

As the end consumers of various products and services, the 
supervision behavior of the public is undoubtedly an important 
factor affecting the quality of products and services, and also another 
important topic related to this study. Through analysis, Zhou et al. 
(31) found that the establishment of a supervision mechanism with 
public participation can control the non-green behavior of enterprises 
and increase their demand for renewable energy. Feng et al. (32) 
introduced the public monitoring into the railroad transportation 
safety regulation model, and the results showed that the increase in 
the proportion of public monitoring was beneficial to improve the 
proportion of railroad safety production. Liu et al. (33) argued that 
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the public’s negative participation in monitoring is not conducive to 
government monitoring of the green building supply market. Dong 
et al. (34) explored the impact of public supervision on industrial 
pollution control from the perspective of the government. Yang et al. 
(35) constructed an evolutionary game model consisting of 
regulators, energy companies and whistleblowers in which each 
party’s strategy choice is analyzed. Note that, the existing literature 
on the supervision of pension services are mainly focused on the 
regulatory role of the government and the older adult, which ignores 
that the public is an indispensable participant.

As is well-known, evolutionary game theory (EGT) (36) is often 
used to quantify the government’s intervention measures. Some 
scholars have discussed the relationship among the actors in the 
senior care service market by building evolutionary game model. For 
example, Sun et al. (37) developed an evolutionary game model to 
analyze the effect of government subsidies on the cooperation 
strategies of health care organizations and elderly social care 
organizations. Zhang and Yao (38) took the government as one of the 
game subjects to explore the inhibitory effect of government 
regulation on the speculative behavior of health-care PPP project 
operators. Yue and Lin (39) constructed a two-party game model to 
analyze the impact of punishment and operation subsidy on the 
quality supervision of pension PPP projects. Wang and Cui (40) used 
the EGT to analyze the different reward and punishment mechanisms 
between local governments and elderly care institutions, and pointed 
out that the dynamic reward mechanism is more conducive to the 
elderly care institutions to adopt self-discipline management 
behavior. Therefore, EGT is also suitable for the study of elderly care 
service quality supervision under multi-subject supervision.

In summary, the existing literature mainly discusses the government 
participation in the supervision of the pension service market and the 
game relationship among the main bodies in the pension service 
market. There is a lack of in-depth discussion on the differences of 
different combinations of subsidies and penalties under the public 
participate in supervision. On the other hand, the literature analyzing 
the government’s intervention behavior on the service supply behavior 
of private elderly care institutions mostly focuses on static reward and 
static penalty mechanism, with little consideration of non-linear 
dynamic reward and dynamic penalty mechanism. What is more, there 
is no consideration of the study of the relevant parameters adjustment 
priorities from the different regulatory objectives of the government.

Therefore, the contributions of this paper are summarized as 
follows. Firstly, considering the supervision behavior of the public, the 
dynamic reward and penalty mechanism is proposed, which is more 
appropriate to the actual situation. Secondly, from the different 
regulatory objectives of the government, the priorities of the relevant 
parameters of adjustment are studied to facilitate the government to 
prescribe the right medicine. Thirdly, a non-linear dynamic subsidy 
method is proposed, in which there is a parabolic relationship between 
subsidy and self-discipline management willingness of private elderly 
care institutions. This can more truly reflect the government’s subsidy 
behavior. Note that, the nonlinear dynamic subsidy method is similar 
to literature (41). However, there are differences in the following three 
aspects. (i) Our paper presents the static penalty and dynamic subsidy 
mechanism which is compared with other mechanisms (for details, see 
Section 4). (ii) In this paper, the public monitoring behavior is 
introduced. Furthermore, the impacts of different behavior strategies 
of private elderly care institutions on the older adult are quantified. (iii) 

This paper examines the priority of adjustment of relevant parameters 
from different regulatory objectives of the government. It may provide 
a decision-making reference for the government’s policy regulation.

2. Model assumptions and 
construction

2.1. Model assumptions

2.1.1. Hypothesis 1: subject assumption
The local governments, the private elderly care institutions and the 

public are the subjects of the game. Assume that they are bounded 
rationality. Both the private elderly care institutions and the public 
pursue the maximization of their own interests, while local governments 
pursue the maximization of comprehensive social benefits.

2.1.2. Hypothesis 2: strategy assumption
In the supply process of elderly care services, the probability of 

private elderly care institutions supplying high-quality service (HQ) 
or low-quality service (LQ) is e e, 1−( ).  The probability of local 
governments enforcing positive supervision (PS) or negative 
supervision (NS) is g g, 1−( ) . The probability of the public choosing 
to participate in supervision (IS) or not to participate in supervision 
(OS) is p p, 1−( ) . Here, e g p, , ∈[ ]0 1, .

2.1.3. Hypothesis 3: parameter assumption for 
private elderly care institutions

The profit of private elderly care institutions supplying HQ is Rh, 
and the profit of supplying LQ is Rl. When the private elderly care 
institutions supply HQ or LQ, they will face reputation gains Re or 
losses Le respectively. Moreover, the action of supplying HQ will bring 
welfare Wg to the society, and on the contrary, it will cause losses Dg to 
the society.

2.1.4. Hypothesis 4: parameter assumption for 
local governments

The cost of PS by local governments is Cg. When the local 
governments enforce PS or NS, they will face credibility gains Rg or losses 
Lg, respectively. Moreover, the local governments will subsidize private 
elderly care institutions that supply HQ and punish private elderly care 
institutions that supply LQ, with values of S and Fe, respectively.

2.1.5. Hypothesis 5: parameter assumption for 
public

The cost of public choose IS is Cp, and there is no cost if they choose 
OS. The public choose IS will be rewarded Rp by the local governments. 
The change of social welfare and social loss will have an impact on the 
older adult who need elderly care services in the public. Therefore, the 
public will feel social welfare or social loss with a probability of α . The 
parameter symbols and their meanings are shown in Table 1.

2.2. Model construction

According to the aforementioned hypotheses, the payment matrix 
of private elderly care institutions, local governments and the public 
is constructed, which is shown in Table 2.
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It follows from payment matrix that, when private elderly care 
institutions choose to supply high-quality services (low-quality 
services), their expected revenue is Ue (U1−e):

 U R R gSe h e= + +  (1)

 U R L gF g pFe l e e e1 1− = − − − −( )  (2)

The average expected revenue of the private elderly care 
institutions is proposed as follows:

 
U eU e Ue e e= + −( ) −1 1  (3)

From (1)–(3), it can be seen that the replicator dynamic equation 
of the private elderly care institutions can be formulated as follows:

TABLE 1 Parameter symbols and meanings.

Meaning Parameter Meaning Parameter

Probability of private elderly care institutions supply high-quality 

service

e The cost of local governments enforce positive supervision Cg

Probability of local governments enforce positive supervision g The credibility gains of local governments’ implementation of 

positive supervision

Rg

Probability of public choose to participate in supervision p The credibility losses of local governments’ implementation of 

negative supervision

Lg

The profit of private elderly care institutions supply high-quality 

service

Rh Government subsidies to private elderly care institutions that 

provide high-quality service

S

The profit of private elderly care institutions supply low-quality 

service

Rl Government penalties to private elderly care institutions that 

provide low-quality service

Fe

Reputation gains of private elderly care institutions supply high-

quality service

Re The cost of public choose to participate in supervision Cp

Reputation losses of private elderly care institutions supply low-

quality service

Le Government rewards to the public who participate in 

supervision

Rp

Social welfare brought by private elderly care institutions 

supplying high-quality service

Wg Probability of public feel social welfare or social loss α

Social loss brought by private elderly care institutions supplying 

low-quality service

Dg

TABLE 2 Payment matrix for all players.

Local 
governments

Public

IS (p) OS (1 − p)

Private elderly 

care institutions
HQ e( ) PS g( ) R R Sh e+ + R R Sh e+ +

W R C Sg g g+ − − W R C Sg g g+ − −

αW Cg p− αWg

NS 1−( )g R Rh e+ R Rh e+

W Lg g− W Lg g−

αW Cg p− αWg

LQ 1−( )e PS g( ) R L Fl e e− − R L Fl e e− −

F R D C Re g g g p+ − − − F R D Ce g g g+ − −

R D Cp g p− −α −αDg

NS 1−( )g R L Fl e e− − R Ll e−

F D L Re g g p− − − − −D Lg g

R D Cp g p− −α −αDg
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F e de dt e U

e e R R gS R L gF g pF

Ue e

h e l e e e

( ) = = −( ) =
−( ) + + − + + + −( ) 

/

1 1
 

(4)

Similarly, the replicator dynamic equation of the local 
governments can be written:

 

F g dg dt
g g R C eS L e p Fg g g e

( ) = =

−( ) − − + + −( ) −( ) 

/

1 1 1
 (5)

The replicator dynamic equation of the public can be formulated 
as follows:

 F p dp dt p p e R Cp p( ) = = −( ) −( ) − / 1 1  (6)

It follows from the equations (4)–(6) that, a three-dimensional 
replicator dynamic system (I) can be obtained as follows:

 

F e e e R R gS R L gF g pF
F g g g R C

h e l e e e

g g

( ) = −( ) + + − + + + −( ) 
( ) = −( ) −

1 1
1 −− + + −( ) −( ) 

( ) = −( ) −( ) − 










eS L e p F
F p p p e R C

g e

p p

1 1
1 1

 

(7)

3. Model analysis

3.1. Model stability

Let all equations in the replicator dynamic system (I) be equal to 
0. The following nine potential equilibrium points E1(0, 0, 0), 
E2(0, 0, 1), E3(0, 1, 0), E4(1, 0, 0), E5(0, 1, 1), E6(1, 0, 1), E7(1, 1, 0), 
E8(1, 1, 1), and E9(e*, g*, p*) can be obtained. Note that the equilibrium 
point of a game system is not always stable. Therefore, this paper will 
use the Lyapunov’s first method and the Jacobian matrix to analyze the 

stability of each equilibrium point. The corresponding Jacobian matrix 
is stated as follows:

 

J
F e e F e g F e p
F g e F g g F g p
F p e

=
∂ ( ) ∂ ∂ ( ) ∂ ∂ ( ) ∂
∂ ( ) ∂ ∂ ( ) ∂ ∂ ( ) ∂
∂ ( ) ∂

/ / /
/ / /
/ ∂∂ ( ) ∂ ∂ ( ) ∂















F p g F p p/ /  

(8)

According to Lyapunov’s first method, if all eigenvalues of the 
Jacobian matrix have negative real parts, the equilibrium point is an 
evolutionary stable strategy (ESS); if the eigenvalues of the Jacobian 
matrix have at least one positive real part, then the equilibrium point 
is an instability point; if some real parts of the eigenvalues of the 
Jacobi matrix are 0 and the rest are negative, then the equilibrium 
point is in a critical state and stability cannot be  judged. Stability 
analysis of all equilibrium points is shown in Table 3. It can be seen 
from Table 3 that, the equilibrium points E6(1, 0, 1) and E8(1, 1, 1) are 
not the stable strategies of the evolutionary game, and the stability of 
the remaining seven equilibrium points cannot be directly judged. 
Therefore, further research will be  carried out via system 
dynamics method.

3.2. System dynamics model construction

System dynamics (42) is a scientific method which is often used 
to analyze the dynamic relationships among system function, 
structure, feedback, and behavioral strategies. It also can effectively 
depict the strategic choice of stakeholders from the perspective of 
system. Recently, some scholars have combined the evolutionary game 
theory with the system dynamics theory, and achieved good results 
(43–48) Referring to the model assumptions and replicated dynamic 
equations in the previous section, a system dynamics model is 
constructed which consists of three parties, i.e., local governments, 
private elderly care institutions, and the public, as shown in Figure 1.

The initial conditions of the system dynamics model are set as: 
INITIAL TIME = 0,  FINAL TIME =100, TIME STEP = 0 05.  (41). 

In 2021, the number of elderly care institutions in Beijing increased 

TABLE 3 Stability analysis of all equilibrium points.

Equilibrium point Eigenvalue λ1, λ2, λ3 Symbol judgment Results

E1(0, 0, 0)
R R R Lh e l e+ − + , R C L Fg g g e− + + , R Cp p−

××× Uncertainty

E2(0, 0, 1)
R R R L Fh e l e e+ − + + , R C Lg g g− + , C Rp p−

××× Uncertainty

E3(0, 1, 0)
R R S R L Fh e l e e+ + − + + , C R L Fg g g e− − − , R Cp p−

××× Uncertainty

E4(1, 0, 0)
R R R Ll h e e− − − , R C S Lg g g− − + , −Cp

×× − Uncertainty

E5(0, 1, 1)
R R S R L Fh e l e e+ + − + + , C R Lg g g− − , C Rp p−

××× Uncertainty

E6(1, 0, 1)
R R R L Fl h e e e− − − − , R C S Lg g g− − + , Cp

×× + Instability

E7(1, 1, 0)
R R R S L Fl h e e e− − − − − , C S R Lg g g+ − − , −Cp

×× − Uncertainty

E8(1, 1, 1)
R R R S L Fl h e e e− − − − − , C S R Lg g g+ − − , Cp

×× + Instability

E9(e*, g*, p*) λ1*, λ2*, λ3* ××× Uncertainty

×, Uncertainty of positive or negative; +, Eigenvalues are positive; and −, Eigenvalues are negative.
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to 579  in which 458 elderly care institutions have obtained star 
qualifications. Thus, the initial value of e is set to 0.79. The values of 
g  and p  are, respectively, set to 0.20 and 0.10 with reference to 
literature (49). According to the “Measures for the Management of 
Operating Subsidies for Elderly Care Institutions in Beijing,” elderly 
care institutions that meet the star rating standards can receive 
subsidies ranging from 600, 1,200, and 1,800 yuan per bed per year. 
In particular, two-star elderly care institutions, which account for 
nearly 70% of all star-qualified pension institutions, can receive a 
subsidy of 600 yuan per bed per year. Therefore, taking two-star 
elderly care institutions as an example, based on a single elderly care 
institution with 300 beds and a bed utilization rate of 46.71% (50). 
The total annual subsidy received by all elderly care institutions in 
Beijing is RMB 38.51 million, i.e., S = 0 385. . The average annual 
profit of a single elderly care institutions in Beijing is RMB 0.9151 
million, so the total annual profit of all elderly care institutions in 
Beijing is RMB 52984 million. Then, Rh is about 5.298. In general, 
the speculative profits is higher than self-regulated profits. With 

reference to the literature (41), set Rl = 6.248. According to the 
“Report on the Development of Aging in Beijing (2021),” the 
registered population aged 60 and above in Beijing is 3.883 million, 
accounting for 27.5% of the total registered population. Taking the 
proportion of the older adult in the total population as the 
probability of social welfare or loss felt by the public, it is easily 
obtained that α = 0 275. . The specific parameters and initial value are 
shown in Table 4.

Under the initial parameters, Lyapunov’s first method is used 
again to judge the stability of each equilibrium point, and the results 
are shown in Table 5. From Table 5, it can be seen that, under the 
static penalty and static subsidy mechanism, all equilibrium points of 
the system are not ESS. Taking the pure strategy equilibrium point 
E1(0, 0, 0) and the mixed strategy equilibrium point E10(0.6131, 
0.6533, 0) as examples, the simulation results are shown in Figure 2. 
As can be seen from Figures 2A,C, the tripartite game players have 

Positive supervision by
local governments: g

Offer high quality services by private
elderly care institutions: e

Participate in supervision
by publics: p

Rate of change in supervision
by local governments: Δg

Rate of change in provision by private
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institutions: e>

FIGURE 1

System dynamics model of elderly service market supervision.

TABLE 4 Parameter assignment.

Parameter Initial 
value

Parameter Initial 
value

e 0.79 Cg 0.6

g 0.20 Rg 0.3

p 0.10 Lg 0.3

Rh 5.298 S 0.385

Rl 6.248 Fe 0.61

Re 0.1 Cp 0.2

Le 0.2 Rp 0.18

Wg 0.3 α 0.275

Dg 0.4

TABLE 5 Stability analysis of all equilibrium points.

Equilibrium point Eigenvalue λ1, λ2, λ3 Results

E1(0, 0, 0) (−0.65, 0.61, −0.02) Saddle point

E2(0, 0, 1) (−0.04, 0, 0.02) Saddle point

E3(0, 1, 0) (0.345, −0.61, −0.02) Saddle point

E4(1, 0, 0) (0.65, −0.385, −0.2) Saddle point

E5(0, 1, 1) (0.345, 0, 0.02) Saddle point

E6(1, 0, 1) (0.04, −0.385, 0.2) Saddle point

E7(1, 1, 0) (−0.345, 0.385, −0.2) Saddle point

E8(1, 1, 1) (−0.345, 0.385, 0.2) Saddle point

E9(0, 0.1039, 1) (0.000002, 0, 0.02) Saddle point

E10(0.6131, 0.6533, 0) (0.000001 + 0.0769i, 0.000001–

0.0769i, −0.130358)

Saddle point
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reached a relatively balanced state under the corresponding initial 
strategies. However, this does not imply that the state is stable. As 
long as one or more players in the system fine-tune their strategies, 
the system will lose its original equilibrium state. For example, if the 
strategy proportion of the local governments in Figures  2B,D is 
adjusted to 0.1 and 0.68, respectively, the equilibrium state of the 
original system will be broken. Similarly, equilibrium points E2, E3, 
E4, E5, E6, E7, E8, and E9, are also unstable.

4. Regulatory mechanism optimization 
and stability analysis

Inspired by literature (41), three regulatory mechanisms, i.e., 
dynamic penalty and static subsidy, static penalty and dynamic 
subsidy, and dynamic penalty and dynamic subsidy, are proposed. 
Furthermore, both the advantages and disadvantages of them are 
discussed in the context of specific scenarios.

4.1. Stability analysis of dynamic penalty 
and static subsidy mechanism

In the supervision of the elderly service market, the service 
supply behavior of private elderly care institutions often depends on 

the corresponding consequences that speculative operation may face. 
Therefore, the amount of government penalties should be adjusted 
according to the willingness of private elderly care institutions to 
operate in a self-disciplined manner. Assuming that the dynamic 
penalty function is P e F ee( ) = −( ) +1 ε ,  where ε  is a constant. The 
optimal value of ε  can be  obtained by simulation debugging as 
ε = 0 82. . The system dynamics model under the dynamic penalty and 
static subsidy mechanism is shown in Figure 3.

Under the initial simulation parameters, the initial willingness of 
the three parties is (0.79, 0.2, 0.1), and FINAL TIME = 500  is set at 
the same time to observe the convergence results of the system more 
clearly. The simulation result is shown in Figure 4A, which shows that 
the system is stable at point (0.7201, 0.4725, 0). Changing the initial 
willingness of the three parties, with other conditions keep constant, 
the ESS of the system can also be  obtained as (0.7201, 0.4725, 0; 
Figure  4B). It implies that, under the dynamic penalty and static 
subsidy mechanism, the strategy selection of the tripartite game 
subjects will gradually stabilize, and eventually stabilize at point 
(0.7201, 0.4725, 0).

4.1.1. Proposition 1
The dynamic penalty and static subsidy mechanism can bring 

the strategy choice of each subject in the regulation of the elderly 
service market to a steady state and stabilize at point (0.7201, 
0.4725, 0).
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FIGURE 2

Evolutionary trajectories of equilibrium points for pure and mixed strategies. (A) Simulation result of pure strategy equilibrium point E1; (B) Simulation 
result of  E1 mutation (g = 0 → 0.1); (C) Simulation result of mixed strategy equilibrium point  E10; (D) Simulation result of E10 mutation (g = 0.6533 → 0.68).
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4.1.1.1. Proof
Substituting P e( ) into the three-dimensional replicator dynamic 

system (I), we can get a new three-dimensional replicator dynamic 
system (II):

 

F e e e Rh Re gS Rl Le gP e g pP e

F g g g R

( ) = −( ) + + − + + ( ) + −( ) ( ) 

( ) = −( )

1 1

1 gg Cg eS Lg e p P e

F p p p e Rp Cp

− − + + −( ) −( ) ( )





( ) = −( ) −( ) −










1 1

1 1








  

(9)

Let all equations in the three-dimensional replicator dynamic system 
(II) be equal to 0. Then, nine new equilibrium points, i.e., E1a(0, 0, 0), 
E2a(0, 0, 1), E3a(0, 1, 0), E4a(1, 0, 0), E5a(0, 1, 1), E6a(1, 0, 1), E7a(1, 1, 0), 
E8a(1, 1, 1), and E9a(0.7201, 0.4725, 0) can be obtained. The equilibrium 
points E1a ~ E8a are substituted into the Jacobian matrix ′J  in turn, and 

the eigenvalues obtained contain the situation greater than 0. So the 
equilibrium points  E1a ~ E8a are not ESS. Substituting the mixed 
equilibrium point E9a into the Jacobian matrix, it can be obtained that:

 

′ =
−
− −

−
J

0 058110 0 277288 0 105336

0 385450 0 000004 0 053456

0 0 0

. . .

. . .

..149618















 

(10)

It is easily calculate that the eigenvalues of the mixed equilibrium 
point  E9a are λ1 0 0291 0 3256= − +. . ,i  λ2 0 0291 0 3256= − −. . ,i  and 
λ3 0 1496= − .  respectively. These eigenvalues are all less than 0, so the 
ESS of the system under the dynamic penalty and static subsidy 
mechanism is  E9a(0.7201, 0.4725, 0).

Proposition 1 suggests that, the dynamic penalty and static subsidy 
mechanism adopted by the local governments can restrain the fluctuation 
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FIGURE 3

System dynamics model under dynamic penalty and static subsidy mechanism.
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FIGURE 4

Simulation results under dynamic penalty and static subsidy mechanism. (A) (e, g, p) = (0.79, 0.2, 0.1); (B) Different initial willingness.
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of the strategy choice of the relevant game subjects and make the system 
reach a stable state. However, there are still some shortcomings in this 
mechanism, and private elderly care institutions still have a certain 
probability of choosing to provide low-quality services.

4.2. Stability analysis of static penalty and 
dynamic subsidy mechanism

In general, penalty and subsidy are two main ways for local 
governments to restrain the elderly service market. China’s policy 
stipulates that all elderly care institutions that meet the quality 
standards can enjoy subsidies. Then the dynamic subsidy function can 
also be designed according to the supply willingness of private elderly 
care institutions. However, unlike dynamic penalty, local governments 
are constrained by costs and tend to relax incentives after achieving 
the desired goals. Therefore, the dynamic subsidy function can 
be designed as S e e e( ) = − + +2 θ ω, where θ  and ω are constants. The 
system dynamics model under the static penalty and dynamic subsidy 
mechanism is shown in Figure 5.

Assume that the initial willingness of the three game subjects is 
(0.79, 0.2, 0.1), and set θ = 0 8. , ω = 0 1. , FINAL TIME = 200.  The 
simulation results of specific willingness and different initial 
willingness are shown in Figure 6. From Figure 6, it can be seen that, 
under the static penalty and dynamic subsidy mechanism, the strategy 
evolution trajectory of each game subject will change as the initial 
willingness of the relevant game subjects is adjusted, but the system 
will eventually stabilize at (0.869, 1, 0).

4.2.1. Proposition 2
The static penalty and dynamic subsidy mechanism can bring the 

strategy choice of each subject in the regulation of the elderly service 
market to a steady state and stabilize at point (0.869, 1, 0).

4.2.1.1. Proof
Replacing S with S e( ) and substituting it into the three-

dimensional replicator dynamic system (I), we can obtain the three-
dimensional replicator dynamic system (III) as follows:

 

F e e e R R gS e R L gF g pF
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h e l e e e
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C eS e L e p F
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p p
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(11)

It follows from the three-dimensional replicator dynamic system 
(III) that, nine new equilibrium points can be obtained. These new 
equilibrium points are E1b(0, 0, 0), E2b(0, 0, 1), E3b(0, 1, 0), E4b(1, 0, 0),  
E5b(0, 1, 1), E6b(1, 0, 1), E7b(1, 1, 0), E8b(1, 1, 1), and E9b(0.869, 1, 0). 
Substituting the equilibrium point E9b into the Jacobian matrix ′′J , the 
equation (12) can be E9b obtained. According to equation (12), the 
eigenvalues corresponding to equilibrium point can be calculated as 
λ1 0 1068= − . , λ2 0 0451= − . , λ3 0 1764= − .  respectively. Because of 
λ λ λ1 2 3 0, , < , so equilibrium point E9b is ESS. Similarly, equilibrium 
points E1b ~ E8b are not ESS.

 

′′ =
−

−
−

















J
0 10681 0 074 0

0 0 045116 0

0 0 0 17642

. .

.

.  

(12)

Proposition 2 suggests that, local governments can also make the 
system reach a stable state by adopting static penalty and dynamic 
subsidy mechanism. However, under this mechanism, private elderly 
care institutions still have a certain probability of choosing to provide 
low-quality services. Therefore, further optimization of the 
government regulatory mechanism is needed.

Positive supervision by
local governments: g

Offer high quality services by private
elderly care institutions: e

Participate in supervision
by public: p

Rate of change in supervision
by local governments: Δg

Rate of change in provision by private
elderly care institutions: Δe

Rate of change in
supervision by public: Δp

Profits of offer high
quality services by

institutions: Rh

Profits of offer low
quality services by

institutions: Rl

Reputation gains of offer
high quality services by

institutions: Re

Reputation losses of offer
low quality services by

institutions: Le

Social welfare from
the provision of high
quality services: Wg

Social loss from the
provision of low

quality services: Dg

Cost of positive
supervision by local
governments: Cg

Credibility gains of
positive supervision by
local governments: Rg

Credibility losses of
negative supervision by
local governments: Lg

Subsidies for high
quality services: S(e)

Penalties for low
quality services: Fe

Cost of participate in
supervision by public: Cp

Reward of participate
in supervision: Rp

Probability of public felt
social welfare or loss: α

Expected revenue of
positive supervision by
local governments: Ug

Expected revenue of
negative supervision by
local governments: U1-g

Expected revenue of
offer high quality services

by institutions: Ue

Expected revenue of
offer low quality services

by institutions: U1-e

Expected revenue of
participate in supervision by

public: Up
Expected revenue of

non-participate in supervision
by public: U1-p

<Positive supervision
by local

governments: g>

<Participate in
supervision by public: p>

<Offer high quality services
by private elderly care

institutions: e>

FIGURE 5

System dynamics model under static penalty and dynamic subsidy mechanism.
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4.3. Stability analysis of dynamic penalty 
and dynamic subsidy mechanism

Clearly, both the dynamic penalty and static subsidy mechanism 
and the static penalty and dynamic subsidy mechanism are conducive 
to local government’s supervision of the elderly service market. 
However, these two mechanisms cannot completely eliminate the 
speculative operation of private elderly care institutions. Therefore, a 
dynamic penalty and dynamic subsidy mechanism is further designed. 
It consists of the dynamic penalty function P e F ee( ) = −( ) +1 0 82.  
and the dynamic subsidy function S e e e( ) = − + +2

0 8 0 1. . .  The 
system dynamics model under the dynamic penalty and dynamic 
subsidy mechanism is shown in Figure 7.

Let the initial willingness of the three game subjects be (0.79, 
0.2, 0.1), and set FINAL TIME = 200.  The simulation results are 

shown in Figure 8. From Figure 8, it can be seen that, under the 
dynamic penalty and dynamic subsidy mechanism, the strategy 
choices of private elderly care institutions, local governments 
and the public will stabilize at (1, 1, 0). The evolutionary 
trajectory of private elderly care institutions and local 
governments is relatively smooth, with no long-term recurring 
fluctuations. The private elderly care institutions reach a stable 
state on day 58 and there is no possibility of supplying 
low-quality services.

4.3.1. Proposition 3
The dynamic penalty and dynamic subsidy mechanism can bring 

the strategy choice of each subject in the regulation of the elderly 
service market to a steady state and stabilize at the ideal stability point 
(1, 1, 0).
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FIGURE 6

Simulation results under static penalty and dynamic subsidy mechanism. (A) (e, g, p) = (0.79, 0.2, 0.1); (B) Different initial willingness.
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System dynamics model under dynamic penalty and dynamic subsidy mechanism.
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4.3.1.1. Proof
Replacing Fe and S in the three-dimensional replicator dynamic 

system (I) by P e( )  and S e( ) respectively, the three-dimensional 
replicator dynamic system (IV) is obtained as follows:

 

F e e e R R gS e R L gP e g pP e

F g g g

h e l e( ) = −( ) + + ( ) − + + ( ) + −( ) ( ) 

( ) = −

1 1

1(( ) − − ( ) + + −( ) −( ) ( ) 

( ) = −( ) −( ) −

R C eS e L e p P e

F p p p e R C

g g g

p p

1 1

1 1 











 

(13)

It follows from the three-dimensional replicator dynamic 
system (IV) that, eight new equilibrium points E1c(0, 0, 0), E2c(0, 
0, 1), E3c(0, 1, 0), E4c(1, 0, 0), E5c(0, 1, 1), E6c(1, 0, 1), E7c(1, 1, 0), 
and E8c(1, 1, 1) can be calculated. Substituting the equilibrium 
point E7c into the Jacobian matrix ′′′J ,  the equation (14) can 
be  obtained. According to equation (14), the eigenvalues 
corresponding to equilibrium point E7c can be  calculated as 
λ1 0 07= − . ,  λ2 0 1= − . ,  and λ3 0 2= − .  respectively. Because of 
λ λ λ1 2 3 0, , ,< so equilibrium point E7c is ESS. Similarly, 
equilibrium points E1c ~ E6c and E8c are not ESS.

 

′′′ =
−

−
−

















J
0.07

0.1

0.2

0 0

0 0

0 0  

(14)

Proposition 3 suggests that, the dynamic penalty and dynamic 
subsidy mechanism not only restrains the fluctuation of the strategy 
selection of the three game subjects, but also speeds up the strategy 
evolution of the three game subjects and makes the system reach a 
more ideal stable state.

The above results suggest that the three regulatory mechanisms 
proposed can effectively compensate for the shortcomings of the static 
penalty and static subsidy mechanism. Comparing these regulatory 
mechanisms in Table 6 and Figure 9, we can find that the system 
cannot reach a stable state under the static supervision mechanism, 
while the system can stabilize at a certain point under the dynamic 
supervision mechanism. Furthermore, whether from the perspective 
of accelerating the evolution of the system to a stable state or from the 
perspective of improving the willingness of self-discipline 
management of private elderly care institutions, the dynamic penalty 
and dynamic subsidy mechanism is better than the static penalty and 
dynamic subsidy mechanism, and the static penalty and static subsidy 
mechanism is better than the dynamic penalty and static subsidy 
mechanism. That is to say, local government’s governance of the 
elderly services market is best under the dynamic penalty and dynamic 
subsidy mechanism. Therefore, on the one hand, local governments 
need to adopt dynamic penalty policies to effectively restrain 
speculation in the elderly service market; On the other hand, they 
need to adopt dynamic subsidy policies to reduce the operating costs 
of private elderly care institutions and fundamentally solve the 
problem of low-quality of the elderly services.

5. Sensitivity analyses

In order to discuss the impact of changes in the main parameters 
on the strategic choice of private elderly care institutions, the 
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FIGURE 8

Simulation results under dynamic penalty and dynamic subsidy mechanism. (A) (e, g, p) = (0.79, 0.2, 0.1); (B) Different initial willingness.

TABLE 6 Comparison of four supervision mechanisms.

Mechanism Stable 
state

Time to 
reach 
steady 
state

Evolutionary 
stable 

strategy

Static penalty and static 

subsidy

Unstable _ _

Dynamic penalty and static 

subsidy

Stable 180 (0.7201, 0.4725, 0)

Static penalty and dynamic 

subsidy

Stable 58 (0.869, 1, 0)

Dynamic penalty and 

dynamic subsidy

Stable 50 (1, 1, 0)
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sensitivity analysis based on dynamic penalty and dynamic subsidy 
mechanism will be  conducted. Furthermore, the priority of 
government policy adjustment in each scenario will also be analyzed. 
The simulation of the main parameters is shown in Figure 10.

As can be seen in Figure 10, as penalties and reputational gains-
losses increase, private elderly care institutions will more actively 
choose to provide high-quality services. When the subsidies increase, 
the enthusiasm of private elderly care institutions to supply high-
quality services will wane. This is because of that, the increased 

penalties and reputational gains-losses can increase the cost of 
speculation for private elderly care institutions and deter them from 
operating speculatively. The increase of subsidies will make the elderly 
service market which is not fully self-discipline get more subsidies. In 
this case, private elderly care institutions will collude. Some of them 
will choose to speculate, and others will continue to maintain self-
discipline, in order to maximize the total subsidies received by the 
pension service market. The local governments’ rewards for the public 
supervision basically has little impact on the strategy choice of private 
elderly care institutions. That is, under the current public supervision 
willingness, the role of public supervision is limited.

For further study, the main parameters are compared in Table 7.

 1. It can be seen from Table 7 that, under different parameter 
values, the minimum willingness of private elderly care 
institutions to provide high-quality services is lower than the 
initial willingness. Compared with subsidies and reputation 
gains-losses, the increase of penalties makes the minimum 
value of strategy choice of private elderly care institutions 
significantly increase. This implies that, increasing penalties 
can significantly improve the stability of the strategy evolution 
of private elderly care institutions. Therefore, if local 
governments are committed to improving market robustness, 
adjusting the penalties should be first considered.

 2. It follows from Table 7 that, the speed of private elderly care 
institutions to reach a stable state is the fastest when the 
penalties and reputation gains-losses take a larger value, 
reaching a stable state on the 21st and 38th day, respectively. 

FIGURE 9

Evolutionary stability of three proposed mechanisms.
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FIGURE 10

Simulation of the main parameters. (A) P(e); (B) S(e); (C) Re, Le and (D) Rp.
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Moreover, the changes of penalties have the most obvious 
impact on the speed of private elderly care institutions to reach 
a stable state. The corresponding time difference is 61 days. 
Therefore, if the local governments are committed to speeding 
up market stability, adjusting the penalties should 
be first considered.

 3. According to the difference between the final strategy choice 
ratio and the initial strategy choice ratio of private elderly care 
institutions in Table 7, both subsidies and supervision rewards 
can cause a large change in the strategy choice of private elderly 
care institutions when they take different values. When the 
supervision rewards apply different values, the evolutionary 
trajectory of private elderly care institutions does not change, 
and thus will not be  considered. When the penalties and 
reputation gains-losses are small, the change of strategy choice 
of private elderly care institutions is also small, which are 
0.0713 and 0.1631, respectively. Therefore, if local governments 
are committed to making the policy achieve better results, 
adjusting subsidies should be first considered.

6. Discussion

In order to optimize the government’s supervision mechanism 
and improve the stability of the elderly service regulatory system, three 
supervision mechanisms, i.e., dynamic penalty and static subsidy, 
static penalty and dynamic subsidy, and dynamic penalty and dynamic 
subsidy, are proposed based on the tripartite evolutionary game model 
of private elderly care institutions, local governments, public. Using 

system dynamics theory, the evolutionary trajectories and steady 
states of the corresponding evolutionary equilibrium points under 
various mechanisms are then analyzed. The main suggestions are 
proposed as follows:

Firstly, the local governments’ policies on penalties and subsidies 
should be dynamically adjusted according to the behavior of private 
elderly care institutions. Under the static penalty and static subsidy 
mechanism adopted by the government, the service supply behavior 
of private elderly care institutions is uncertain. This mechanism will 
not only increase the financial burden of local governments, but also 
is not conducive to the healthy development of the elderly service 
market. Dynamic penalty and static subsidy mechanism, and static 
penalty and dynamic subsidy mechanism can make the strategy 
choice of private elderly care institutions reach a stable state, but 
private elderly care institutions still have a certain probability to 
choose to provide low-quality services. Only when the government 
adopts the dynamic penalty and dynamic subsidy mechanism, the 
behavioral evolution of private elderly care institutions can reach the 
most ideal state. Therefore, the government should pay close attention 
to the behavior of private elderly care institutions and make dynamic 
adjustments to the punishment and subsidy policies according to the 
behavior of private elderly care institutions.

Secondly, appropriately increase penalties, reduce subsidies, 
encourage media participation in reporting, and publicize assessment 
results. When the local governments adopt the dynamic penalty and 
dynamic subsidy mechanism, the self-discipline behavior of private 
elderly care institutions is positively correlated with the penalties and 
reputation gains-losses, and negatively correlated with the subsidies. 
Specifically, increasing penalties can restrain the speculation of private 
elderly care institutions, but excessive penalties are not conducive to 

TABLE 7 Comparison of main parameters.

Parameter Value Minimum value 
(time)

Time to reach 
steady state

Difference in time to 
reach steady state

Range of strategy 
changes

P e( ) P e( ) − 50% e = ( )0 1719 9.
82

61
∗∗∗

0 0713.
∗

P e( ) e = ( )∗0 5313 5. 57
∗

0 21.
∗∗∗

P e( ) + 50% e = ( )∗∗∗0 7188 3.
21
∗∗∗

0 21.
∗∗∗

S e( ) S e( ) − 50% e = ( )∗0 5391 5. 43
∗∗

45
∗∗

0 21.
∗∗∗

S e( ) e = ( )∗0 5313 5. 57
∗

0 21.
∗∗∗

S e( ) + 50% e = ( )∗0 5156 6.
88

0 21.
∗∗∗

Re, Le R Le e, %− 50 e = ( )0 4297 5.
69

31
∗

0 1631.
∗∗

R Le e, e = ( )∗0 5313 5. 57
∗

0 21.
∗∗∗

R Le e, %+ 50 e = ( )∗∗0 6563 5. 38
∗∗∗

0 21.
∗∗∗

Rp Rp − 50% e = ( )∗0 5313 5. 57
∗ 0

0 21.
∗∗∗

Rp e = ( )∗0 5313 5. 57
∗

0 21.
∗∗∗

Rp + 50% e = ( )∗0 5313 5. 57
∗

0 21.
∗∗∗

*, **, and *** be used to denote the priority of parameter regulation. ① For the minimum value, *: 0.5 ≤ e ≤ 0.6, **: 0.6 < e < 0.7, ***: e ≥ 0.7, other intervals are not marked. ② For the time to 
reach steady state, *: 50 ≤ d ≤ 60, **: 40 < d < 50, ***: d ≤ 40, other intervals are not marked. ③ For the difference in time to reach steady state,   *: 30 ≤ d ≤ 40, **: 40 < d < 60, ***: d ≥ 60, 
other intervals are not marked. ④ For the range of strategy changes, *: ∆e ≤ 0 1. ,  **: 0 1 0 2. . ,< <∆e  ***: ∆e ≥ 0 2. .

203

https://doi.org/10.3389/fpubh.2023.1218301
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Wang et al. 10.3389/fpubh.2023.1218301

Frontiers in Public Health 14 frontiersin.org

market participants entering the elderly service industry. Increasing 
subsidies may make private elderly care institutions conspire to 
defraud the government of subsidies, which is not conducive to the 
improvement of the quality of elderly services. Therefore, penalties 
should be appropriately increased, subsidies should be reduced, and 
the level of reputational gains-losses should be  increased through 
media engagement and publicity.

Finally, select appropriate parameters to adjust according to the 
government’s objectives. The government’s regulation of the elderly 
service market is often based on certain objectives, such as improving 
market robustness, speeding up market stability, or making the policy 
achieve better results. If the government’s regulatory goal is to improve 
market robustness or speed up market stability, the government 
should first adjust the punitive measures. If the government’s 
regulatory goal is to make the policy achieve better results, it will be an 
appropriate choice for the government to adjust the subsidies first.

The aforementioned statements are significantly different from 
the conclusions obtained by Ren et al. (51). In their paper, increased 
penalties are more conducive to the evolution of the system to the 
desired steady state when the government takes strict supervision as 
a long-term strategy, but they fail to consider that overly harsh 
regulation may not be conducive to the entry of market players. In 
addition, they neglect the influence of collusive behavior of service 
providers on subsidy strategy formulation, and thus they argue that 
subsidies help the system achieve the desired state under the cyclical 
subsidy mechanism. Also, the punishment and subsidy mechanism 
they proposed is static, which cannot be  dynamically adjusted 
according to the behavior choice of service providers.

7. Conclusion

Using evolutionary game theory and system dynamics theory, the 
supervision of local governments on private elderly care institutions 
is discussed in this paper. The results show that: First of all, when the 
local governments adopt the static supervision mechanism, the game 
behaviors of private elderly care institutions, local governments, and 
the public cannot reach a stable state, while when the local 
governments adopt the dynamic supervision mechanism, the strategy 
choices of the three parties’ game subjects will reach a stable state. 
Secondly, among these dynamic supervision mechanisms, although 
the dynamic penalty and static subsidy mechanism, as well as the 
static penalty and dynamic subsidy mechanism can make the strategy 
choice of private elderly care institutions reach a stable state, private 
elderly care institutions still have a certain probability to choose to 
provide low-quality services. Only when the local governments adopt 
the dynamic penalty and dynamic subsidy mechanism, will the 
private elderly care institutions choose to operate with complete self-
discipline. Moreover, under the dynamic penalty and dynamic 
subsidy mechanism, the willingness of self-discipline management of 
private elderly care institutions is positively related to penalties and 
reputation gains-losses, negatively related to subsidies, and not 
related to supervision rewards. Reasonable adjustment of these 

parameters can further optimize the dynamic penalty and dynamic 
subsidy mechanism. Thirdly, the government can first adjust penalties 
so that private elderly care institutions have greater stability in their 
strategic choices and reach stability more quickly. The government 
can also adjust the subsidies first to make the stability strategy of 
private elderly care institutions the most ideal.

Although the results of this paper are reasonable and meaningful, 
there are still some deficiencies in parameters design. In fact, taxation 
and consumer guidance are also important regulatory tools of 
government. For future research, therefore, the punishment, subsidy, 
taxation, and consumption guidance will be  comprehensively 
considered, and the impact of the cross effects of various regulatory 
tools on the supervision of elderly care services will be analyzed.
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Background: This study aimed to explore how intergenerational support affects 
the oral healthcare or treatment-seeking behaviors of older Chinese adults and 
provide evidence for improving the oral health of the older adults in an aging 
society.

Methods: Data from a cross-sectional survey, the 2015 China Health and 
Retirement Longitudinal Study, were used to explore the relationship between 
oral healthcare-seeking behavior in older adults and various independent 
variables, such as marital status, number of children, offspring’s education 
duration, parent–offspring interaction frequency, and financial/material 
support provided by children. The chi-square test and binary logistic regression 
were used.

Results: According to the results of data analysis, age, sex, marital status, 
cohabitation status, number of children, children’s education level, and 
financial support from children affected older adults’ oral healthcare-seeking 
behavior. Interviewees living with a partner and those who had 1–2 or 3–4 
children showed different likelihoods of seeking oral healthcare. Moreover, 
interviewees whose children had higher education duration and those who 
received more financial/material support from their children were more likely 
to seek dental treatment.

Conclusion: Regarding the study’s outcome, financial and emotional support, as 
well as practical assistance from family members can significantly promote oral 
health-seeking behavior among older adult people. Intergenerational support 
can serve as a crucial mechanism for promoting oral health behaviors among 
the older adults or act as a valuable complement to social medical assistance, 
warranting increased attention.

KEYWORDS

oral health, older adults, CHARLS, intergenerational support, healthcare-seeking 
behavior
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1. Introduction

As the world’s largest aging population, China had 264.02 million 
people aged over 60 years in November 2020, showing an increase of 
5.44% over the course of one decade (from 13.26% in 2010 to 18.70% 
in 2020) according to the data from the Seventh National Population 
Census of China (1, 2). Since the 1980s, China has implemented a 
relatively strict family planning policy that has reduced the number of 
newborns and led to a significant decline in fertility rates (3). 
Simultaneously, more young people leave their hometowns to seek 
employment opportunities, and the number of young people who can 
stay in the area and communicate regularly with and care for older 
adults has decreased. This has increased the burden of maintaining 
health and welfare, including oral hygiene, among the older 
adult population.

According to the 8,020 Oral Health Movement, older adults aged 
80 years or above should maintain at least 20 functional teeth (4, 5). 
However, the fact remains that oral health awareness among the older 
adult population is relatively weak for various reasons, and economic 
factors were considered to contribute to this (6, 7). Since dental 
treatments are typically not covered by insurance in China, individuals 
must bear the cost themselves. Insufficient retirement funds may deter 
some older individuals from seeking oral healthcare services due to 
the inability to cover associated expenses. Furthermore, inconvenient 
access to dental services for the older population may be another 
reason for their weaker oral healthcare-seeking behavior. Due to the 
rapid development and expansion of Chinese cities, many older adults 
living in rural areas face challenges accessing dental care in cities 
without assistance for transportation and navigation (8, 9). 
Intergenerational support from their younger offspring may provide 
a partial solution (10, 11).

Intergenerational support refers to the various forms of assistance 
adult children provide for their older adult parents, including financial 
aid, daily caregiving, and emotional comfort (12, 13). Owing to the 
imperfect formal social support system and limited self-financial 
resources available to older adults, intergenerational support from 
their offspring may become an important means to sustain themselves 
after retirement. Regarding oral health, older adults require the 
assistance and support of their offspring concerning financial capacity, 
treatment accessibility, and emotional well-being. Monetary aid from 
their adult children bolsters the fiscal capability of older adults 
concerning the medical services they can afford (14, 15). Caregiving 
by children enhances the ease of obtaining medical care for older 
adults, whereas emotional backing from offspring reflects the potential 
availability of medical resources for older adults (16).

In China, family care for older adults will remain the primary 
mode of care for a considerable period (17). Therefore, mutual 

healthcare support between generations cannot be ignored in terms 
of its effects on the oral health of older adults. Intergenerational 
support from adult children to parents may be crucial in promoting 
oral healthcare-seeking (OHS) behaviors in older adults (10, 18). 
Although the impact of intergenerational help in terms of economics, 
life, and emotions on the OHS of older adults may indirectly 
determine the degree of adequate medical service utilization, they 
have been relatively less studied (8, 18, 19) (Figure 1).

The China Health and Retirement Longitudinal Study (CHARLS) 
is a longitudinal survey project conducted in collaboration with the 
National Institute of Development and the China Social Science 
Survey Center of Peking University. The project aims to promote 
research on the health, lifestyle, and aging abilities of Chinese older 
adults and their families. Since 2011, the project has conducted 
biennial surveys on Chinese residents aged 45 and above, covering 
physical health, cognitive ability, psychological health, oral health, 
older adult healthcare arrangements, social networks, and more. By 
2021, four rounds of surveys were completed nationwide in 28 
provinces and over 450 counties and cities. Currently, it is one of the 
most critical data sources on the health and care of older adults in 
China (20, 21). In this study, we used data from the project to explore 
the impact of intergenerational support on the OHS behavior of older 
adults to provide theoretical support and empirical evidence to 
promote rational oral healthcare for older adults.

The older adult population has a high prevalence of oral diseases, 
uneven access to medical care, and expensive healthcare (6, 22, 23). 
With increasing electronic and mobile hospital registration, older 
adults face new challenges, particularly those who are unfamiliar with 
emerging technologies, such as smart mobile devices and electronic 
medical services (24, 25). Therefore, exploring how intergenerational 
support from adult children can enhance the oral healthcare service 
utilization of older adults is a topic of great importance. To the best of 
our knowledge, there are limited studies on this topic. This study 
aimed to investigate the role of such support in promoting OHS 
behavior among older adults by addressing emerging challenges and 
providing effective solutions for improving oral and medical care 
services for older adults, thereby enhancing their quality of life 
and health.

2. Materials and methods

2.1. Study design and impact analysis

This study used cross-sectional data from an ongoing longitudinal 
study. Based on the question settings of surveys in different years, 
we selected the most recent survey out of the results relevant to this 

FIGURE 1

The logical diagram of the relationship between intergenerational support from adult children and Oral Healthcare seeking behavior of older adults.
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study—that is, CHARLS 2015. The study protocol was approved by the 
ethical review board of Peking University, and written informed 
consent was obtained from all participants. The exclusion criteria of 
interviewees were as follows: (1) interviewees who failed to report 
their OHS behavior data, (2) interviewees under the age of 60, and (3) 
interviewees with missing key demographic data. The flow chart of the 
study is shown in Figure 2.

2.2. Measurements

2.2.1. Demographic and socioeconomic status
The assessment encompassed demographic variables, such as age 

and sex. Sex was dichotomized into men and women, whereas age was 
categorized into three groups: “60–69 years,” “70–79 years,” and 
“80 years or older.” Interviewees’ marital status was categorized into 
seven groups: married and living together, married but not living 
together, separated, divorced, widowed, never married, and cohabiting 
but unmarried. As some groups under-enrolled, the living status were 
categorized as either with a partner (married or unmarried 
cohabitation) or without a partner (married but not cohabiting, never 
married, widowed, divorced, or separated) to simplify the living 
conditions of cohabitation.

2.2.2. Number of children
The number of living adult children each interviewee had was 

divided into four groups: 0, 1–2, 3–4, and 5 or more children.

2.2.3. Children’s education duration
The average education level of the interviewee’s adult children was 

measured based on their education duration. To determine the mean 

education duration of one’s offspring, we added all of the interviewee’s 
children’s education durations together and divided by the number of 
children. The mean education duration for the older adults’ children 
was divided into six groups: (> 0, <= 3), (> 3, <= 6), (> 6, <= 9), (> 9, 
<= 12), (> 12, <= 16), and (> 16).

2.2.4. Frequency of parent–child meetings
The frequency with which interviewees met with their children over 

the past year was collected. We categorized the interviewees’ parent–child 
meetings over the last year into five groups based on frequency: 0, 1–6, 
7–36, 37–200, and 201+ meetings all together. The average number of 
meetings was calculated by dividing the total number of meetings by the 
total number of one’s children and grouped into five categories: 0, (> 0, <= 
6), (> 6, <= 36), (> 36, <= 100), and (> 100).

2.2.5. Intergenerational contacts
Intergenerational contact (e.g., phone calls, emails, instant 

messages) between the interviewees and their adult children in the 
past year was collected. We categorized the number of contacts into 
five groups: 0, 1–6, 7–36, 37–200, and 201+ times. Similar calculating 
method in the former factor, the average number of contacts was 
categorized into five groups: 0, (> 0, <= 6), (> 6, <= 36), (> 36, <= 100), 
and (> 100).

2.2.6. Children’s financial support
The total amount of financial and material support the adult 

children provided to interviewees in the past year was collected. The 
support included cash support and in-kind support, which was 
converted into cash for calculation. This factor was grouped into five 
categories: 0, 1–2,000, 2,001–5,000, 5,001–20,000, and over 20,000 
yuan (RMB).

FIGURE 2

Flow chart of the inclusion screening process of Intergenerational Support on OHS behavior.
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2.2.7. Analysis of the interviewee’s dental OHS 
behavior status

The OHS behavior of interviewees was assessed based on whether 
they had received dental treatment within the past year from the data 
in the 2015 CHARLS survey. The OHS behavior outcome is 
dichotomous, with options of either “yes” or “no.”

2.3. Statistical analysis

The analysis was performed using the Statistical Package for the 
Social Sciences 25.0 (SPSS Inc., United  States). The relationship 
between intergenerational support and OHS behavior among older 
adults was analyzed. Different variables were evaluated using the 
chi-square test, including age, sex, marital and cohabitation status, 
number of children, children’s education duration, frequency of 
parent–child meetings, frequency of parent–child contact, and 
financial and material support received from children. Two-tailed 
p-values less than 0.05 were deemed statistically significant.

Logistic regression analysis was used to examine the association 
between intergenerational support and OHS behavior, with odds 
ratios accompanied by 95% confidence intervals (CI).

3. Results

3.1. Study participants

Based on the exclusion criteria, 9,704 interviewees (4,799 men and 
4,905 women) were selected from the 2015 CHARLS for inclusion in 
the study. The proportion of women with OHS behavior (18.84%) in 
the last year was significantly higher than that of men (17.19%), and a 
chi-square test indicated that the difference was statistically significant 
(p = 0.035; Table 1).

Among the interviewees, 6,474 were aged 60–69, 2,525 were aged 
70–79, and 705 were over 80 years. The proportion of people with 
OHS behavior in older participants (over the age of 80) was 
significantly lower than that in younger participants, with a significant 
difference (p = 0.000).

Among those who reported their marital and cohabitation status, 
there were 7,343 married interviewees with spouse present, 309 
married but temporarily not living with spouse, 25 separated, 55 
divorced, 1,876 widowed, 88 never married, and 11 unmarried 
interviewees who cohabited with their partner. The proportion of 
interviewees with OHS behaviors varied significantly among the 
different groups according to a chi-square test (p = 0.012).

The proportion of OHS behavior between interviewees with and 
without a partner was evaluated. Of those with a living partner, 
18.70% (7,354) reported OHS behavior last year compared with those 
without a cohabiting partner (2,350, 15.91%), and the difference 
was significant.

Regarding number of children of the surveyed older adults, 129 
had none, 2,071 had 1–2, 2,714 had 3–4, and 1,115 had five or more. 
Significant differences were detected in OHS behavior proportions 
among these groups (p = 0.000). Those with no children had the lowest 
proportion of OHS behavior (10.08%), followed by those with five or 
more children (14.08%), whereas those with 1–2 children had the 
highest proportion (20.96%).

TABLE 1 The proportion and variables related to older adult’s oral 
healthcare seeking behavior.

Variables Dental 
visits in the 
past year

Total Proportion % p

Yes No

Gender 0.035*

Men 825 3,974 4,799 17.19

Women 924 3,981 4,905 18.84

Age 0.000*

60-69 1,277 5,197 6,474 19.73

70–89 404 2,121 2,525 16.00

80– 68 637 705 9.65

Martial status 0.012*

Married with 

spouse present
1,372 5,971 7,343 18.68

Married but 

not living with 

spouse 

temporarily

50 259 309 16.18

Separated 7 18 25 28.00

Divorced 12 43 55 21.82

Widowed 297 1,576 1873 15.86

Never married 8 80 88 9.09

Cohabitated 3 8 11 27.27

Cohabitation 0.002*

Live with 

partner
1,375 5,979 7,354 18.70

Live without 

partner
374 1976 2,350 15.91

Number of 

children
0.000*

0 13 116 129 10.08

1–2 434 1,637 2071 20.96

3–4 501 2,213 2,714 18.46

5– 157 958 1,115 14.08

Mean Years of 

Education per 

child

0.000*

> = 0, <=3 27 250 277 9.75

>3, <=6 200 1,268 1,468 13.62

>6, <=9 399 1749 2,148 18.58

>9, <=12 222 870 1,092 20.33

>12, <=16 228 632 860 26.51

>16 16 39 55 29.09

Total number 

of meetings
0.085

0 86 384 470 18.30

1–6 155 818 973 15.93

(Continued)
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Regarding these interviewees’ children’s mean education 
duration, 277 had 0–3 years, 1,468 had 3–6 years, 2,148 had 
6–9 years, 1,092 had 9–12 years, 860 had 12–16 years, and 55 had 
more than 16 years of education. Notable differences were detected 
in the proportions of OHS behavior among groups. A positive 
correlation was observed between adult children’s mean education 
duration and OHS rates.

Considering the frequency of meeting their children in the last 
year, 470 had no meetings (18.30%), 973 had 1–6 meetings 
(15.93%), 995 had 7–36 meetings (16.88%), 1,177 had 37–200 
meetings (19.97%), and 2,114 had 201 or more meetings (19.10%). 
This study found no significant differences in the proportions of 
OHS behaviors among these groups. Similarly, the mean number 
of meetings with their parent per adult child also did not indicate 
a significant difference.

Considering contact between the adult children and their 
parents, there was no significant difference in the proportion of 
interviewees with OHS behaviors among different total contacts 
(p = 0.137). However, there was a significant difference among 
groups based on the mean contacts with their parent per child 
(p = 0.013), which were categorized as follows: (0) 18.26%, (> 0, <= 
6) 15.86%, (> 6, <= 36) 18.25%, (> 36, < = 100) 21.16%, and (over 
100) 12.78%.

There were significant differences in the proportion of older 
adult parents’ OHS behavior under different financial and material 
support (p = 0.001). The proportion of the older adults with OHS 
behavior was the lowest (15.95%) when their children gave 1–2000 
yuan. After that, with the increase of the cost, the proportion of the 
older adults with OHS behavior was positively correlated and 
gradually increased, reaching the highest (23.42%) when they were 
above 20,001 yuan.

3.2. Logistic regression relationship 
between intergenerational support and 
OHS behavior

As shown in Table  2, the interviewees’ sex, marital status, 
cohabitation status, number of children, mean education of children, 
parent–children contact, and financial assistance provided by adult 
children were included in the in the binary logistic regression model 
for analysis.

In terms of differences due to gender, women interviewees had a 
higher likelihood of OHS behavior (OR = 1.118, 95%CI = 1.008, 1.240) 
compared with men.

Among interviewees categorized by marital status, widowed and 
never married individuals exhibited a higher propensity for engaging 
in OHS behavior compared to interviewees who were married with 
their spouse present. However, it is important to note that the sample 
sizes of these respective groups varied significantly. In the simplified 
comparison between those with and those without a partner, 
individuals without a partner exhibited lower levels of OHS behavior 
(OR = 0.823, 95% CI = 0.726–0.933).

Interviewees with 1–2 children (OR = 2.366, 95% CI =1.321, 
4.238) and 3–4 children (OR = 2.020, 95% CI = 1.129, 3.613) had 
higher likelihoods of seeking oral healthcare service than those 
without children. Interviewees whose children had a longer duration 
of education (with 6–9, 9–12, 12–16, or > 16 years of education) were 
more likely to exhibit OHS behavior than those with a lower education 
duration (0–3 years).

Interviewees who received financial and material support of 
5,001–20,000 yuan (OR = 1.240, 95% CI = 1.007, 1.528) or more than 
20,001 yuan (OR = 1.478, 95% CI = 1.086, 2.013) from their adult 
children were more likely to seek OHS compared with those who did 
not receive any support from their children.

TABLE 1 (Continued)

Variables Dental 
visits in the 
past year

Total Proportion % p

Yes No

7–36 168 827 995 16.88

37–200 235 942 1,177 19.97

201– 461 1953 2,414 19.10

Mean number 

of meetings per 

child

0.056

0 75 275 350 21.43

>0, <=6 206 1,063 1,269 16.23

>6, <=36 222 998 1,220 18.20

>36, <=100 220 868 1,088 20.22

>100 339 1,407 1746 19.42

Total number 

of contacts

0.137

0 341 1,592 1933 17.64

1–6 31 195 226 13.72

7–36 163 772 935 17.43

37–200 406 1712 2,118 19.17

201– 164 653 817 20.07

Mean number 

of contacts per 

child

0.013*

0 330 1,477 1807 18.26

>0, <=6 112 594 706 15.86

>6, <=36 348 1,559 1907 18.25

>36, <=100 285 1,062 1,347 21.16

>200 17 116 133 12.78

Total financial 

support from 

children 

(currency & 

in-kind)

0.001*

0 169 817 986 17.14

1–2000 291 1,534 1825 15.95

2001–5,000 267 1,140 1,407 18.98

5,001–20,000 302 1,177 1,479 20.42

20,001– 74 242 316 23.42

*Indicate there was significant difference.
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TABLE 2 Results of binary logistic regression analysis of the association of Intergenerational support and oral healthcare seeking behavior.

B S.E. Wald df P OR 95%CI

Variables

Gender −1.572 0.038 1688.559 1 0 0.208

Men

Women 0.112 0.053 4.45 1 0.035 1.118 1.008 1.240

Age −1.404 0.031 2019.472 1 0 0.246

60–69 51.426 2 0

70–79 −0.255 0.063 16.534 1 0 0.775 0.686 0.876

80– −0.834 0.131 40.29 1 0 0.434 0.336 0.562

Martial status 1.471 0.03 2412.922 1 0 4.352

Married with spouse present 16.104 6 0.013

Married but not living with spouse 

temporarily
0.174 0.157 1.225 1 0.268 1.19 0.874 1.620

Seperated −0.526 0.446 1.389 1 0.239 0.591 0.246 1.417

Divorced −0.194 0.328 0.351 1 0.553 0.823 0.433 1.566

Widowed 0.198 0.07 8.026 1 0.005 1.219 1.063 1.399

Never married 0.832 0.372 5.001 1 0.025 2.298 1.108 4.764

Cohabitated −0.49 0.678 0.522 1 0.47 0.613 0.162 2.313

Cohabitation −1.47 0.03 2415.037 1 0 0.230

Live with partner

Live without partner −0.195 0.064 9.311 1 0.002 0.823 0.726 0.933

Number of children −2.189 0.292 55.996 1 0 0.112

0 28.411 3 0

1–2 0.861 0.297 8.382 1 0.004 2.366 1.321 4.238

3–4 0.703 0.297 5.619 1 0.018 2.020 1.129 3.613

5– 0.38 0.305 1.554 1 0.213 1.462 0.805 2.658

Mean Years of Education per child −2.226 0.203 120.706 1 0 0.108

>0, <=3 77.956 5 0

>3, <=6 0.379 0.216 3.063 1 0.080 1.46 0.956 2.232

>6, <=9 0.748 0.210 12.676 1 0 2.112 1.400 3.188

>9, <=12 0.86 0.216 15.833 1 0 2.363 1.547 3.609

>12, <=16 1.206 0.217 30.946 1 0 3.340 2.184 5.109

>16 1.335 0.359 13.789 1 0 3.799 1.878 7.684

Total number of meetings −1.496 0.119 157.314 1 0 0.224

0 8.166 4 0.086

1–6 −0.167 0.148 1.275 1 0.259 0.846 0.633 1.131

7–36 −0.098 0.146 0.445 1 0.505 0.907 0.681 1.208

37–200 0.108 0.14 0.595 1 0.44 1.114 0.847 1.465

201– 0.053 0.13 0.163 1 0.686 1.054 0.817 1.36

Mean number of meetings per child −1.299 0.13 99.479 1 0 0.273

0 12.484 4 0.014

>0, <=6 −0.376 0.148 6.418 1 0.011 0.687 0.514 0.918

>6, <=36 −0.204 0.15 1.848 1 0.174 0.816 0.608 1.094

>36, <=100 −0.073 0.151 0.237 1 0.626 0.929 0.692 1.248

>100 −0.124 0.144 0.744 1 0.388 0.883 0.667 1.171

(Continued)
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4. Discussion

Older adults may encounter challenges in seeking oral healthcare 
service and treatment owing to their limited mobility, financial 
constraints, and lack of familiarity with electronic devices (26). This 
study aimed to investigate the potential of intergenerational support 
in facilitating dental care for older adults. Notably, factors such as 
individuals with a living partner, the frequency of adult children’s 
contact, and interaction with their parents, along with their 
intergenerational provision of financial and material aid, made 
significant difference on the OHS behavior proportion of these 
interviewees. This supports the idea that intergenerational support 
influences older adults’ decisions regarding their OHS behavior.

Older adults are vulnerable to health and economic issues, leading 
to potential health expenditures. It was found that the children’s 
intergenerational and emotional support will increase when 
catastrophic health expenditures occur in families with older adults 
(14). Furthermore, studies by Li et al. (17) and Yang et al. (27) also 
indicate that providing intergenerational support, encompassing both 
emotional and financial assistance, can have a positive impact on the 
health and well-being of older parents.

Intergenerational support can come from different family 
members. Liang et al. (28) compared intergenerational support from 
children with that from spouses and siblings, and results indicated that 
support from spouses and siblings did not have a significant impact 
but emphasized the importance of support from different generations 
of children for older adults’ well-being. Similarly, our study also 
focuses on family support from different generations.

4.1. Intergenerational support and modern 
technology

In addition to economic problems, with the continuous 
development of modern medical technology, many network medical 
services and mobile health solutions have entered medical institutions 
(29). This equipment and services bring a more intelligent and 
convenient experience to the medical treatment process (30–32). 
Additionally, mobile apps enable users to register and pay fees without 
having to physically visit medical institutions or wait in queues, 
thereby enhancing the convenience and efficiency of accessing 
healthcare services. However, owing to physical and cognitive decline, 
older adults may face difficulties in using high-tech and network 
medical service.

They may be unfamiliar with and unskilled in using computers, 
smartphones, and so on, have difficulty making online medical 
appointments, and be  unfamiliar with hospital routes and 
navigation equipment.

Therefore, owing to today’s societal transition, the 
development of online medicine, and the lack of familiarity of the 
older adults with modern smart and mobile devices, 
intergenerational support by children may also play an important 
role in promoting the convenience of medical treatment and OHS 
behavior for older adults. This presents society with challenges: 
how to leverage intergenerational support from adult children to 
assist these older adults as well as how to enhance accessibility 
for those who lack such support through optimizing 
service processes.

TABLE 2 (Continued)

B S.E. Wald df P OR 95%CI

Variables

Total number of contacts −1.541 0.06 666.798 1 0 0.214

0 6.944 4 0.139

1–6 −0.298 0.202 2.171 1 0.141 0.742 0.499 1.103

7–36 −0.014 0.105 0.019 1 0.891 0.986 0.803 1.211

37–200 0.102 0.081 1.568 1 0.21 1.107 0.944 1.298

201– 0.159 0.106 2.264 1 0.132 1.173 0.953 1.443

Mean number of contacts per child −1.496 0.061 604.881 1 0 0.224

0 7.456 4 0.114

>0, <=6 −0.173 0.12 2.085 1 0.149 0.841 0.666 1.064

>6, <=36 −0.004 0.085 0.002 1 0.963 0.996 0.843 1.176

>36, <=100 0.167 0.099 2.828 1 0.093 1.182 0.973 1.435

>100 0.069 0.129 0.283 1 0.595 1.071 0.832 1.379

Total financial support from children 

(currency & in-kind)

−1.576 0.085 347.697 1 0 0.207

0 18.058 4 0.001

1–2000 −0.088 0.106 0.684 1 0.408 0.916 0.745 1.127

2001–5,000 0.124 0.108 1.311 1 0.252 1.132 0.915 1.400

5,001–20,000 0.215 0.106 4.107 1 0.043 1.240 1.007 1.528

20,001– 0.391 0.157 6.164 1 0.013 1.478 1.086 2.013

OR, odds ratio; CI, confidence interval; S.E., standard error.
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4.2. Number of children and their 
education duration

The number of offspring affects the availability of caregivers and 
financial support for older adults during illness. Having more children 
may increase the likelihood of obtaining assistance when seeking 
medical treatment. This is consistent with the concept of raising 
children for help in old age in traditional Chinese culture (17).

Oral healthcare may be an important but neglected area in the 
care of the older adults. As individuals age, dental health becomes 
increasingly significant owing to its association with various health 
issues such as diabetes, heart disease, and dementia. Having a larger 
number of offspring can be particularly advantageous in ensuring 
adequate oral healthcare for older adults. This is because dental 
caregiving often requires both physical and emotional support, and 
having more caregivers available can help ensure that the necessary 
assistance is provided. For instance, family members may need to 
provide transportation to dental appointments, assist with oral 
hygiene maintenance, and help manage any dental-related anxieties 
that may arise. Involving more family members in oral healthcare and 
facilitating the mutual exchange and acquisition of more skills and 
expertise may also be required (33).

From the statistical results of this big data, it seems that a greater 
number of offspring may play a role in ensuring the oral health of 
older adults. With more potential caregivers and supporters available, 
they can receive the necessary physical and emotional support to 
maintain good dental health, thus improving long-term overall 
health outcomes.

However, the number of children reflects only the potential 
number of caregivers, and it requires a series of other factors for 
potential caregivers to become caregivers. These factors include 
children’s filial piety and socioeconomic status. In traditional 
agricultural societies, children are encouraged to meet the needs of the 
rural labor force. However, in modern society with improved living 
standards and education levels, people advocate for better quality 
rather than quantity of children, emphasizing the importance of 
nurturing them effectively (34).

As there may be a positive correlation between children’s levels of 
education and their socioeconomic status (35), regarding intergenerational 
support, children with higher education levels are more likely to have a 
high socioeconomic status and personal skills, which increases their 
likelihood of providing sufficient support to their parents (36). Well-
educated children may increase their own awareness of oral diseases, 
which is helpful in urging parents to take appropriate treatment measures 
and guide them to conduct OHS behavior (34).

4.3. Intergenerational relationships and 
OHS

In addition to the quantity and education characteristics of 
offspring, intergenerational relationships are key factors in 
determining intergenerational support (37). To some extent, the 
frequency of intergenerational interactions reflects the state of these 
relationships. Therefore, when examining the impact of 
intergenerational support on older adult oral healthcare behaviors, 
we included the frequency of older adults meeting and communicating 
with their children as independent variables.

The decline of cognitive factors and self-care ability in the older 
adults may impact their medical treatment-seeking behaviors, 
necessitating the accompaniment and care of their offspring (38). 
Therefore, intergenerational support for healthcare is crucial. 
Increased contact between older adults and their children can 
encourage the latter to seek medical treatment for oral diseases and 
also accompany their parents during healthcare visits. Therefore, the 
degree of intimacy in intergenerational relationships may positively 
impact older adults’ OHS behavior.

Currently, with China’s urbanization, many youths from small 
cities flock to big cities such as provincial capitals, resulting in limited 
opportunities for parents and children to meet. The relationship 
between adult children and parents can be characterized by prolonged 
periods of no contact, even in cases when the parent is ill. In other 
instances, although children may maintain some level of 
communication with their parents, they cannot provide assistance due 
to living a great distance away. Though the results for the effect of 
parent–adult children meetings or contact on OHS behavior showed 
no significant difference in this study, there was still a trend: except for 
some older adults who did not have contact with their children at all, 
the proportion of the rest of older adults with OHS behavior increased 
with the number of contacts and meetings with their children.

4.4. Intergenerational financial support and 
OHS

Medical expenses for older adults constitute a substantial 
portion of overall expenditure (14, 39). Currently, most oral 
diseases in China are not covered by medical insurance. Given 
their limited income and insufficient pension, the willingness of 
older adults to seek oral treatment may be closely related to their 
children’s financial support.

From a legal perspective, adult children are not mandated to 
provide financial assistance to their parents. However, in many 
cultures, support and care for parents are considered part of filial piety. 
Many adult children recognize the dedication and sacrifice of their 
parents during their upbringing and wish to repay them. This type of 
mutual aid relationship is very important for building a harmonious 
family environment and promoting family cohesion. The provision of 
a living stipend or assistance to parents in distress can alleviate the 
financial burdens of daily life, encompassing medical expenses, 
housing costs, and other essential expenditures. Through such 
support, children can ensure that their parents’ fundamental needs are 
met and provide them with a secure and comfortable 
living environment.

Although older adults may sustain themselves without financial 
assistance from their children while in good health, their economic 
situation can worsen when they fall ill, and dental treatments for older 
adults, such as addressing dentition defects, can be expensive (40, 41). 
However, when children provide financial and in-kind support to 
their older-adult parents, it positively impacts their parents’ 
OHS behavior.

The result of this study confirmed that there was a positive 
correlation between financial and in-kind support from adult 
children to their parents and more frequent OHS behaviors by 
the parents. This not only addresses the financial constraints that 
older adults may face but also promotes better access to dental 
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care, improves attitudes toward oral health, and encourages 
proactive oral health practices.

4.5. Limitations

First, the retrospective nature of the survey report from the 
CHARLS may introduce recall bias among interviewees, as they may 
struggle to accurately recollect past events or overestimate or 
underestimate their impact. Additionally, self-report surveys are 
susceptible to social desirability bias: although the interviewees were 
informed of the nature of the survey before their participation, they 
may have chosen to withhold information about their economic 
circumstances and specific financial support received from 
their offspring.

Second, a dichotomous response for the use of oral 
healthcare treatment as an indicator of OHS behaviors may have 
limitations. Due to limitations in the design of the CHARLS 
survey, there are missing results for the number and cost of oral 
treatments, with many confounding factors present. Therefore, 
this dichotomous result remains the best available evidence for 
understanding OHS behavior. OHS behavior may need to 
be combined with other indicators, such as oral health-related 
quality of life, to provide a more comprehensive overview of oral 
health status in older adults.

5. Conclusion

This study presents evidence of the relationship between 
intergenerational support and OHS behaviors among older adults in 
Chinese families. This study identified factors such as the number of 
children’s education duration, the frequency of parent–child contact, 
and economic assistance provided to parents positively connect with 
these older adults’ OHS behaviors.

With the increasing trend of population aging, older adults 
encounter numerous difficulties and challenges in accessing oral 
healthcare treatment. Recognizing the crucial role of intergenerational 
support from adult children and family members in maintaining the 
oral health of older adults is essential for establishing an age-friendly 
dental care system.
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expectancy of the older
population

Chen Liu, Xiaochun Hou, Qiong Wang, Xinrui Xu, Bingyi Wu and

Jun Liu*

Department of Management, Weifang Medical University, Weifang, Shandong, China

Background: Life course theory provides new perspectives on the impact of early

experiences on health in old age, where unfortunate childhood experiences can

alter an individual’s health trajectory. This study aims to calculate the healthy

life expectancy of the older population in China under di�erent childhood

experiences, and to explore the influence of childhoodmedical and health services

on the health level of older adults.

Methods: Di�erences in healthy life expectancy of the older population under

di�erent childhood experiences were analyzed using the multi-state life table

method to calculate the healthy life expectancy by sex and place of birth, based on

the cohort data of Chinese Longitudinal Healthy Longevity Survey (CLHLS) from

2008 to 2018.

Results: The probability of the transition risk from health to non-health gradually

increased with age, while the probability of the transition risk from non-health to

health decreased with age; In both urban and rural areas, on the probability of

the transition risk from health to non-health, the older adults who were able to

receive timely medical and health services in childhood were lower than those

who failed to receive medical services in time (Z = −5.833, P < 0.05), but the

probability of the transition risk from non-health to health was the opposite (Z

= −5.334, P < 0.05); The probability of the transition risk from health to death

is also higher in older adults who were unable to receive timely medical care in

childhood (Z = −5.88, P < 0.05); The healthy life expectancy and its proportion

in the remaining life expectancy of older people who received medical and health

services in time during childhoodwere significantly higher than those of their peers

(Z = −5.88, P < 0.05).

Conclusions: The lack of medical services in childhood has a negative e�ect

on the health of older adults. The healthy life expectancy and its proportion of

remaining life expectancy were higher for rural older adults than for urban older

adults under the same health care conditions in childhood; the health benefits of

good access to health care environment or conditions in childhood were greater

for rural older females.

KEYWORDS

life course theory, health services, healthy life expectancy, probability of transition risk,

multi-state life table

Frontiers in PublicHealth 01 frontiersin.org216

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org/journals/public-health#editorial-board
https://www.frontiersin.org/journals/public-health#editorial-board
https://www.frontiersin.org/journals/public-health#editorial-board
https://www.frontiersin.org/journals/public-health#editorial-board
https://doi.org/10.3389/fpubh.2023.1234880
http://crossmark.crossref.org/dialog/?doi=10.3389/fpubh.2023.1234880&domain=pdf&date_stamp=2023-09-19
mailto:JunLiu23527@163.com
https://doi.org/10.3389/fpubh.2023.1234880
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/fpubh.2023.1234880/full
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Liu et al. 10.3389/fpubh.2023.1234880

1. Introduction

China is the country with the largest older population in the

world currently, with both the large absolute number of older

people, and the rapid aging process, so the health problems of older

adults are becoming increasingly prominent (1). The health of older

adults is not only related to the quality of life of individuals and the

burden of family life, but also related to the wellbeing of the whole

society (2). As a special group with increasing health vulnerability

and disease risks, older adults are facing increasingly serious

health inequalities among people with different socioeconomic

status (3).

Life course theory is an important theoretical perspective for

the study of older people’s health (4). According to life course theory

and the Developmental Origin Hypothesis of Health and Disease

(DOHaD), childhood is an important stage in an individual’s

development, so that experiencing adverse living conditions or

events during this period can adversely affect later health outcomes

(5), while health inequalities are rooted in inequalities experienced

during fetal period, childhood, and adolescence (6). According to

the integrative health medicine model, medical care is one of the

four major influencing factors of health throughout the life cycle.

However, in terms of health care, it is believed that the highest

manifestation of fairness is that everyone can have fair and equal

access to medical service resources (7). During the political turmoil

and lack of materials in China from 1930’s to the early years of

the People’s Republic of China, those born and raised during this

period were likely to face more unequal access to health care. From

the perspective of life course theory, medical services in childhood

play an important role to the health of this age group. Good health

resources are conducive to promoting and ensuring the health level

of childhood, and the advantages or disadvantages of childhood

health affect the health status in the middle and later stages of

life course through cumulative effects, among which medical and

health services are important pathways in the mechanism of action

(8). The impact of health services on the health of older adults

in this mechanism of action can be reflected in the differences in

healthy life expectancy among populations.

Healthy life expectancy is a powerful tool for measuring the

overall health status of the population and assessing health needs

and health burdens, it can examine the distribution of population

health status (9). This indicator contains information that reflects

both mortality and prevalence, which can effectively reflect the

life quality of the population (10). The differences in healthy

life expectancy among the older population can be explained by

different factors, including the level of economic development,

social wealth distribution system, and medical services (11).

Therefore, exploring healthy life expectancy is conducive to better

understanding and grasping the health level and changing trend

of older adults in the context of population aging, so it serves

as an important basis for actively responding to population

aging. Most of the existing literature on the impact of childhood

experiences on health in old age focuses on the family environment,

socioeconomic status, social interactions, and social environment

during childhood (5, 12). However, in studies about older Chinese

people, the importance of health care services in the process of

health level changes throughout the life cycle of individuals is not

explored. Also, the indicators used to measure health level are

mostly single measures of physical or psychological aspects of old

age, which do not comprehensively reflect the quality of life of the

older population (13–16). Additionally, cross-sectional data does

not reflect the overall development trend of the health of the older

population, so it is insufficient to have an overall understanding of

the mortality and health level of the older population in China.

To this end, this study intends to measure the healthy life

expectancy of the older population in China under different

childhood experiences using CLHLS cohort data from 2008 to

2018, so as to explore the influence of childhood medical and

health services on the health level of older adults. Based on the

life course theory, the study compares the differences in healthy life

expectancy and related indicators among the older population aged

65 and above under different childhood experiences. The goal is to

fully explore the problem of health inequality in older adults, enrich

the research on the relationship between childhood adversity and

older people’s health under life course theory, and then provide an

empirical basis for the formulation of personalized older people’s

health promotion strategies.

2. Research sources and methods

2.1. Research sources

The 2008–2018 data of the Chinese Longitudinal Healthy

Longevity Survey (CLHLS) are used in this study, with amulti-stage

sampling method, covering 23 provinces including autonomous

regions and municipalities directly under the central government

in China. The research subjects are older adults aged 65–105, and

the 2008 survey is used as the baseline data for the study, excluding

the newly included samples in the subsequent three surveys. After

weighted adjustment, the final sample size is 14,261 in 2008, 10,599

in 2011, 8,596 in 2014 and 5,159 in 2018.

2.2. Variable settings

The core independent variable of this study, “accessibility of

childhood health services,” is a dichotomous variable. According to

the CLHLS questionnaire item, “Could you get adequate medical

service when you were sick in childhood?,” the answer “yes” is

defined as “accessible to childhood health services” and assigned

a value of “1,” while the answer “no” is defined as “inaccessible to

childhood health services” and assigned a value of “0.”

The dependent variable is healthy life expectancy, this paper

uses self-rated health as health indicator to calculate healthy life

expectancy. For the CLHLS survey item “How do you rate your

health at present?” The answers “very good,” “good,” “not bad” are

defined as “healthy,” and the value is assigned as “1”; the answers

“bad” and “very bad” are defined as “non-health” and assigned

a value of “2.” According to IMaCH software, when older adults

subjects die or fail to follow-up, the values are assigned as “3” and

“−1” respectively.

The covariates are gender, place of birth, education level and

economic level. In gender variables, the female assignment is “0”
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FIGURE 1

States and transition paths in a multi-state life table.

and the male assignment is “1”; Since the study design focuses on

the impact of access to health services in childhood on the health

of the older adults, the place of birth of the survey participants

was selected as the urban-rural variable for heterogeneity analysis.

For the question “Was your place of birth in an urban or a rural

area (at time of birth)?,” the answer “urban” is assigned as “1” and

“rural” as “0.” Defined as “non-literate” and assigned a value of “1”

if the respondent has had any education, otherwise assigned a value

of “0.” We use respondents’ annual household income to measure

their economic level.

2.3. Multi-state life table

The study used IMaH software to measure the healthy life

expectancy of older adults by multi-state life table method. The

status of the surveyed older adults is divided into three types:

health, non-health, and death; The two survival states of “health”

and “non-health” can be mutually transferred, which are “non-

absorbing states” in the model while “death” is the “absorbed

state,” so it is irreversible between “health” and “death,” as well as

“non-health” and “death.”

The specific conversion path is shown in Figure 1.

Assuming that the transition between healthy states follows the

first-order Markov chain setting, the individual’s state at age x is j,

and the probability of the state at age x+h is k hp
jk = Pr (X (x +

h) = k|X (x) = j). Let L
(i)
t1−t2

represent the probabilityd1 p
jk
x1 of

the transition of an individual from state j to state k between the

two surveys t1 and t2, and if two follow-up surveys are performed,

the probability of the individual being i state transition is L (i) =
(

d1p
jk
x1

)

∗ (d2p
k1
x2); If the state at the beginning of the period is i

and the state at the end of the period is 1 (healthy) or 2 (non-

health), then the probability of health and the probability of non-

health are tw
i1 (x) =

t p
i1
x−t

t p
i1
x−t+t p

i2
x−t

and tw
i2 (x) =

t p
i2
x−t

t p
i1
x−t+t p

i2
x−t

,

respectively; The stable prevalence of individual outcomes j was

yp
j
x
(θ) = yp

1j
x

(θ) + w2 (x, θ) (yp
2j
x

(θ) − yp
1j
x
(θ)); then the healthy

life expectancy in the age range (x, x+ y) is ye
ij
x
=

∑y
u=1 up

ij
x , while

the life expectancy in different initial states is ei.x = ei1x + ei2x ; the

overall life expectancy at age X is e..x = e.1x + e.2x (17).

2.4. Statistical analysis

First, the survey data were weighted using the weight

coefficients provided by the CLHLS project team, and the weighted

data were compared to the sixth census data of China from the

age and sex, making the study sample more representative. Second,

Stata 14.0 software was used to describe the frequency of different

health statuses of the older adults. It analyzed the distribution

of health status by age, gender, place of birth, education level,

income level, and access to childhood health services. Third, chi-

square test was used to explore the differences in the socioeconomic

status of older people with or without health services in childhood,

taking α = 0.05 as the inspection standard. Finally, by IMaCh

software, the multi-state life table method was used to measure

the life expectancy and healthy life expectancy of the older people

who have timely health services or not in childhood. Fourth,

statistical differences between healthy life expectancy were analyzed

by rank tests.

3. Outcome

3.1. Data quality assessment

Taking the sex–age structure of older adults over 65 years in

the sixth census in China as a reference, the data after weight

adjustment of the cohort in the CLHLS database from 2008 to 2018

were compared. The results showed that the weighted adjusted data

fitted well with the sixth census data of China (Figure 2).

3.2. Basic information

Table 1 shows the basic situation of the older adults after

weighted adjustment for the four surveys. This study uses cohort

data from 2008 to 2018, with 2008 data as the baseline, and the

population numbers of the four surveys after weighted adjustment

are 14,261, 10,599, 8,596, and 5,159, respectively. In terms of age

structure distribution, the group aged from 65 to 69 has the largest

proportion, accounting for 34.41%, and over time, the proportion

gradually decreased in the total population. As of the 2018 survey,

the proportion of older people in this age group is 0. The proportion

of older adults aged 100 and above is the smallest, accounting for

0.04%, 0.04%, 0.11%, and 0.15% in the four surveys, respectively.

From the perspective of gender, the proportion of female older

adults is relatively large, with more than half of the four surveys,

accounting for 51.69%, 52.62%, 53.41%, and 56.30% respectively,

while the number of male older adults gradually decreases. As far

as the childhood location of the older adults is concerned, most

of them are concentrated in rural areas, with the proportion of

rural areas in the baseline survey period being 84.23%, and by

2018, the proportion was as high as 90.00%, while the proportion

of urban areas was relatively small. Most of the older adults did not

receive timely medical services in childhood, and the proportion

fluctuated in the four surveys, which were 57.72%, 59.04%, 58.71%,

and 59.58% respectively. More than half of the older adults have

not received any education; the annual household income of the

the older adults is around RMB 20,000 to RMB 40,000 per year.
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FIGURE 2

Comparison between the sixth census data of China and weighted survey data by sex–age structure.

From the perspective of the health status of the older adults, the

proportion of older people in healthy state in 2008 was the largest,

up to 90.58%, while the proportion of unhealthy older adults was

<10%; By 2011, there were 75.89% healthy older adults and 11.53%

unhealthy older adults, 4.89% death and 7.68% loss to follow-up

respectively; In 2014, the proportion of healthy older adults was

51.18%, and unhealthy older adults 7.69%, and the proportion of

death and loss to follow-up was 35.55% and 5.57% respectively.

In 2018, the proportion of healthy older adults was 29.51%, and

unhealthy older adults 5.86%. The proportion of death and loss to

follow-up older adults was 54.33% and 10.30% respectively.

3.3. Single-factor analysis

The differences in the socioeconomic status of the two groups

of older adults were explored. The results showed that there

was a statistically significant difference in age, gender, residency,

education level, and income level between the groups with or

without (P < 0.05). Specifically, the main features of the older

adults who do not have timely access to health services during

childhood are as follows: mainly over 85 years old, female (38.86%),

rural (60.37%), lower education level (45.32%). The detailed results

are shown in the Table 2.

3.4. Health transition probability

Overall, the probability of the transition from health to non-

health among older people gradually increases with age, while

the probability of the transition risk from non-health to health

decreases. In terms of gender, the probability of the transitions

between health and non-health in older women was both higher

than those in men of the same age (Z = −5.238, P < 0.05) (As

Figures 3–6).

In both urban and rural areas, the probability of the transition

from health to non-health of older adults who can receive medical

and health services in time during childhood is lower than that

of those who fail to receive medical services in time in childhood

(Z = −5.833, P < 0.05). As age increases, the difference between

the two transition probability curves from health to non-health

gradually expands; However, the probability of the transition from

non-health to health in older adults who are not accessible to health

services in childhood is higher than that of those who have access

to health services in childhood (Z = −5.334, P < 0.05), and the

difference between the two gradually narrows with age.

Specifically, the probability of the transition risk from health to

non-health was the lowest amongmen born in rural areas who were

able to receive timely medical and health services during childhood,

with a value of 0.022± 0.002 at the age 65 and 0.147± 0.015 at age

100. Women born in urban areas who did not receive timely health

care during childhood had the highest probability of transition risk

from health to non-health, with 0.030 ± 0.003 at the age of 65 and

0.205± 0.022 at age 100.

3.5. Death transition probability

There was a significant difference in the probability of the

two transitions between health and death in older adults. Overall,

the probability of both transition types (from health to death and

from death to health) increased with age, and the probability of

the transition from non-health to death increased by a greater

magnitude than that from health to death (Z = −5.256, P < 0.05).

From a gender perspective, the transition probability both from

health to death and from non-health to death in older women
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TABLE 1 Basic information of the sample older population.

Variables 2008 2011 2014 2018

n Proportion
(%)

n Proportion
(%)

n Proportion
(%)

n Proportion
(%)

Age 65–69 4,907 34.41 1,558 14.70 1 0.02 0 0

70–74 4,181 29.32 3,641 34.35 2,825 32.86 51 0.99

75–79 2,878 20.18 2,882 27.19 2,839 33.03 2,251 43.63

80–84 1,519 10.65 1,609 15.18 1,843 21.44 1,632 31.63

85–89 593 4.16 690 6.51 803 9.34 856 16.60

90–94 147 1.03 182 1.72 236 2.75 300 5.82

95–99 30 0.21 32 0.30 40 0.46 61 1.18

100–105 7 0.04 4 0.04 9 0.11 8 0.15

Gender Female= 0 7,372 51.69 5,577 52.62 4,591 53.41 2,905 56.30

Male= 1 6,889 48.31 5,022 47.38 4,005 46.59 2,254 43.70

Place of birth Rural= 0 12,012 84.23 9,184 86.65 7,475 86.96 4,650 90.13

Urban= 1 2,249 15.77 1,415 13.35 1,121 13.04 509 9.87

Education level Literate 8,883 62.29 5,989 56.50 4,595 53.46 2,527 48.99

Non-literate 5,378 37.71 4,610 43.50 4,001 46.54 2,632 51.01

Economic level Quantitative

variable

22,308± 26,076 26,422± 15,501 35,608± 32,006 43,732± 36,248

Childhood health

services

Not accessible=0 8,231 57.72 6258 59.04 5,047 58.71 3,074 59.58

Accessible= 1 6,030 42.28 4,341 40.96 3,549 41.29 2,085 40.42

Geriatric health

conditions

Missing visits=−1 0 0 1,095 7.68 794 5.57 7,748 54.33

Health= 1 12,918 90.58 10,823 75.89 7,299 51.18 4,208 29.51

Non-health= 2 1,343 9.42 1,644 11.53 1,097 7.69 836 5.86

Death= 3 0 0 697 4.89 5,070 35.55 1,469 10.30

N 14,261 10,599 8,596 5,159

The above numbers for 2008, 2011, 2014 and 2018 are obtained from CLHLS weighted calculations.

F
ro
n
tie

rs
in

P
u
b
lic

H
e
a
lth

fro
n
tie

rsin
.o
rg

220

https://doi.org/10.3389/fpubh.2023.1234880
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Liu et al. 10.3389/fpubh.2023.1234880

TABLE 2 Analysis on the di�erences in social attributes of childhood health services.

Variable Childhood health services χ² P

Not accessible Accessible

Age 65–69 715 (5.20%) 534 (3.88%) 132.18 <0.000

70–74 793 (5.76%) 556 (4.04%)

75–79 783 (5.69%) 451 (3.28%)

80–84 1,124 (8.17%) 599 (4.35%)

85–89 1,330 (9.66%) 619 (4.50%)

90–94 1,632 (11.86%) 817 (5.94%)

95–99 851 (6.18%) 431 (3.13%)

100–105 1,835 (13.33%) 691 (18.36%)

Gender Female 5,348 (38.86 %) 2,464 (17.91%) 54.28 <0.000

Male 3,715 (27.00%) 2,234 (16.23%)

Place of birth Rural 8,308 (60.37%) 3.687 (26.79%) 481.15 <0.000

Urban 755 (5.49%) 1,011 (7.35%)

Education level Literate 6,237 (45.32%) 2,335 (16.97%) 481.37 <0.000

Non-literate 2,826 (20.54%) 2,363 (17.17%)

FIGURE 3

Transition probability curves between health and non-health of rural older female.

is lower than that in men of the same age (Z = −4.748, P <

0.05). The probability of the transition risk both from non-health

to death and from health to death among older people born

in rural areas is higher than that in urban areas (Z = −4.529,

P < 0.05). In both urban and rural areas, the probability of

the transition risk from non-health to death among those who

failed to receive timely medical and health services in childhood

was higher than that of those who received (Z = −5.38, P <

0.05). The probability of the transition from health to death in

those who did not receive timely medical and health services in

childhood was slightly higher than that of those who had access to

medical and health services in childhood (Z = −5.88, P < 0.05)

(As Figures 7–10).

Specifically, the probability of the transition from health to

death was the highest among men born in urban areas and

received timely medical and health services during childhood,

with 0.01386 ± 0.001 at age 65 and 0.25550 ± 0.256 at age

100. Older women born in rural areas who did not have access

to health services during childhood had the lowest transition

probability from health to death, with 0.00827 ± 0.001at 65

years old and 0.16510 ± 0.165 at age 100. Older women

born in urban areas with timely access to health care during
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FIGURE 4

Transition probability curves between health and non-health of rural older male.

FIGURE 5

Transition probability curves between health and non-health of urban older female.

childhood had the lowest transition probability from non-health

to death, with 0.03164 ± 0.005 at the age of 65 and 0.29640

± 0.032 at age 100; Older men born in urban areas who

did not receive adequate health care during childhood had

the highest transition probability from non-health to death,

with 0.06796 ± 0.010 at the age of 65 and 0.52190 ± 0.455

at age 100.

In summary, older people who do not receive timely

health care services in childhood have a higher transition risk

probability from health to non-health and from non-health

to death. The probability of death for older people born in

rural areas is lower than that in urban areas. Women have

a higher probability of the transitions between health and

non-health than those in men, resulting in a lower probability

of death.

3.6. Healthy life expectancy

As shown in Tables 3, 4, the life expectancy, healthy life

expectancy and the proportion of healthy life expectancy in the

remaining life expectancy of older adults gradually decreased with

age, and there were significant differences with regard to access to

health services in childhood, urban or rural areas, and gender. By

gender, the healthy life expectancy of older female is higher than

that of men (Z = −2.38, P < 0.05), while its proportion in the
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FIGURE 6

Transition probability curves between health and non-health of urban older male.

FIGURE 7

Death transition probability curves of rural older female.

remaining life expectancy is lower than that of men (Z = −2.74,

P < 0.05). Urban-rural split, urban-born older adults have a lower

healthy life expectancy and a lower proportion of their remaining

life expectancy than rural older adults (Z = −2.53, P < 0.05; Z =

−4.27, P < 0.05). The healthy life expectancy and its proportion in

the remaining life expectancy of older adults who received timely

medical and health services in childhood are significantly higher

than those of their peers (Z = −2.19, P < 0.05), and the difference

is more obvious among rural older female population. Taking those

aged 65 as an example, the healthy life expectancy of the older

female born in rural areas who can receive childhood medical and

health services and those who do not receive them are 17.08 ±

0.21 years and 16.87 ± 0.26 years, respectively, with a difference

of 0.21 years. However, there is a difference of 0.82 percentage

points under the same condition for the proportion of healthy life

expectancy in the remaining life expectancy, which is greater than

that of men of the same age and older female born in urban areas at

the same time.

4. Discussion

4.1. Impact of access to health services in
childhood on Senile health

The study found that the probability of the transition risk from

health to non-health in the older adults who had no access to

medical and health services in childhood was higher than that of

those who received timely medical services, and the probability

of non-health-healthy recovery was low. As a result, older people

who did not receive medical and health services in time during

childhood not only had a relatively short healthy life expectancy
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FIGURE 8

Death transition probability curves of rural older male.

FIGURE 9

Death transition probability curves of urban older female.

but also a lower proportion of healthy life expectancy in remaining

life expectancy. The utilization of medical services for children

mostly relies on their original family. In research, the vast majority

of older people had relatively poor living conditions in childhood,

while the illness of children from low-income families was often

underestimated by parents. Even if the price of medical services

was low, the utilization level of medical services for children

was not significantly improved (18). Parents fail to increase their

understanding of their children’s health throughmedical treatment,

making it difficult to promote the use of medical services and

improve health (19). In addition, childhood illness and failure

to seek medical attention in time are likely to cause backward

concepts of health in adulthood and lead to bad medical behaviors,

such as “delaying in seeking medical service,” consequently, less

autonomy in health promotion among older adults, leading to a

lower probability of the transition from non-health to health.

This study suggests that the lack of timely access to

medical services in childhood leaves a negative effect on health

and quality of life later in life through the cumulative effect

of disadvantages compared with the early living environment

with high medical accessibility. Even though there is a degree

of social and class mobility in adulthood, the increase in

socioeconomic status and the improvement of the working

and living environment cannot fully offset the damage to

health in old age due to the lack of medical services in

childhood (20). Due to the heterogeneity in the health of

older adults, to reduce health inequalities throughout the life

cycle and achieve the strategic goal of “health for all,” it is

necessary to take into account and strive to meet the diverse

needs of different groups of older adults, to develop and

optimize interventions that focus on disease prevention and

disability mitigation (21).
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FIGURE 10

Death transition probability curves of urban older male.

TABLE 3 Average life expectancy and healthy life expectancy of rural older population under di�erent childhood medical services.

Accessible Not accessible

Female

Age LE HEL HLE/LE (%) LE HLE HLE/LE (%)

65 20.02± 0.29 17.08± 0.21 85.34 19.95± 0.23 16.87± 0.26 84.52

70 16.13± 0.26 13.24± 0.18 82.08 16.01± 0.20 13.07± 0.23 81.58

75 12.65± 0.24 9.84± 0.17 77.77 12.47± 0.19 9.70± 0.21 77.78

80 9.64± 0.22 6.97± 0.15 72.26 9.41± 0.17 6.86± 0.19 72.88

85 7.18± 0.20 4.70± 0.14 65.55 6.93± 0.16 4.61± 0.17 66.60

90 5.26± 0.18 3.04± 0.13 57.85 5.02± 0.14 2.95± 0.15 58.77

95 3.85± 0.16 1.91± 0.12 49.47 3.63± 0.12 1.80± 0.14 49.45

100 2.86± 0.14 1.17± 0.12 40.72 2.68± 0.11 1.04± 0.14 38.95

Male

65 16.67± 0.22 14.87± 0.20 89.23 16.59± 0.25 14.68± 0.23 88.49

70 13.06± 0.18 11.35± 0.17 86.88 13.04± 0.21 11.20± 0.20 85.90

75 9.92± 0.16 8.32± 0.15 83.83 9.96± 0.19 8.22± 0.17 82.53

80 7.33± 0.14 5.87± 0.13 79.98 7.41± 0.16 5.79± 0.15 78.24

85 5.32± 0.12 4.01± 0.12 75.28 5.41± 0.14 3.94± 0.14 72.96

90 3.85± 0.11 2.68± 0.12 69.72 3.92± 0.13 2.62± 0.13 66.66

95 2.81± 0.10 1.78± 0.12 63.34 2.87± 0.10 1.70± 0.13 59.31

100 2.11± 0.08 1.19± 0.12 56.10 2.16± 0.08 1.10± 0.15 50.88

4.2. Significant di�erences between urban
and rural areas in healthy life expectancy
and its proportion in the remaining life
expectancy

This study shows that under the same childhood health

conditions, the healthy life expectancy and its proportion in

remaining life expectancy of the rural older adults are higher

than those of the urban older adults. On the one hand, there

is a certain survivor bias among the rural older adults, that is,

the older adults in the poor living environment are very likely to

fail to survive due to natural selection. It is this reverse selection

mechanism that makes the average life expectancy and healthy life

expectancy of the rural older adults higher than that of the urban
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TABLE 4 Average life expectancy and healthy life expectancy of urban older population under di�erent childhood medical service conditions.

Accessible Not accessible

Age LE HEL HLE/LE (%) LE HEL HLE/LE (%)

Female

65 19.92± 0.47 16.25± 0.43 81.58 19.70± 0.47 16.05± 0.41 81.44

70 16.06± 0.43 12.46± 0.39 77.57 15.79± 0.43 12.29± 0.37 77.86

75 12.61± 0.39 9.13± 0.34 72.39 12.28± 0.38 9.00± 0.33 73.25

80 9.65± 0.34 6.36± 0.29 65.92 9.28± 0.33 6.25± 0.29 67.36

85 7.22± 0.30 4.21± 0.25 58.27 6.85± 0.28 4.11± 0.24 59.94

90 5.35± 0.27 2.66± 0.21 49.68 4.99± 0.24 2.54± 0.21 50.91

95 3.96± 0.23 1.61± 0.18 40.61 3.64± 0.19 1.48± 0.18 40.57

100 2.98± 0.21 0.94± 0.17 31.46 2.70± 0.156 0.80± 0.17 29.55

Male

65 16.42± 0.41 14.25± 0.40 86.81 16.39± 0.42 14.09± 0.38 85.96

70 12.89± 0.36 10.77± 0.35 83.56 12.81± 0.37 10.65± 0.33 83.16

75 9.84± 0.31 7.82± 0.30 79.42 9.72± 0.31 7.73± 0.28 79.55

80 7.33± 0.26 5.45± 0.25 74.36 7.18± 0.26 5.38± 0.24 74.91

85 5.37± 0.21 3.68± 0.21 68.52 5.22± 0.21 3.61± 0.21 69.02

90 3.92± 0.17 2.43± 0.18 62.02 3.79± 0.16 2.34± 0.19 61.75

95 2.88± 0.13 1.58± 0.17 54.96 2.78± 0.13 1.48± 0.19 53.11

100 2.18± 0.11 1.03± 0.17 47.20 2.10± 0.09 0.91± 0.19 43.29

older adults (22). The older adult living in rural areas engage in

more physical labor than their urban counterparts. This not only

increases their social activities but also enhances their affirmation

and cognition of self-worth, and help to a certain extent to extend

the healthy life expectancy and increase its proportion in remaining

life expectancy (23, 24). Moreover, after the founding of People’s

Republic of China, the government attached great value to rural

medical and health work, and the “barefoot doctor” policy greatly

solved the contradiction between the backwardness of rural medical

and health care and the limited resources of the country. The

morbidity and mortality rates of infectious and epidemic diseases

have been effectively controlled (25), and a good foundation has

been laid for the extension of the average life expectancy and

healthy life expectancy of the Chinese rural population.

4.3. Greater impact of medical services
during childhood on the health level of
rural women

This paper found that the difference in healthy life

expectancy resulting from the ability to seek timely medical

care in childhood is most pronounced among rural female

older adults. According to the above findings, among

the rural-grown female older population, the healthy life

expectancy of those who could receive health care during

childhood was 0.21 years higher than those who did not.

That is, the health benefits of a favorable health care

environment or condition during childhood are more likely

to tilt toward rural older female through a certain degree of

cumulative effect.

Biologically, women are more likely to switch to multiple

chronic diseases (26), whereas health care services, as an

important means of transitioning from non-health to health,

have a greater impact on women’s health than men’s. The

proportion of healthy life expectancy of female older people

in the remaining life has always been at a disadvantage.

Hence, the gender gap in quality of life from a life course

perspective can be narrowed through measures such as optimizing

the allocation of rural health care resources and enriching

access to health services throughout the life cycle of female.

The health condition of older people is constrained by early

accumulation of healthy resources, for which childhood is the

rapidest stage throughout the life course (27). Therefore, the

formation and implementation of health promotion strategies

should emphasize in particular the equalization of access to health

services during childhood to effectively protect the health rights

of girls.

There are still shortcomings in the study. Firstly, the IMaCH

software makes the model calculation more complicated and

control variables such as individual or family economic status

and social environment cannot be included as much as possible.

This may lead to omitted variable bias. Secondly, if childhood

illnesses are not treated promptly, some survey participants may

die prematurely or even not live to the age of 65, so it is
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possible that the study underestimated the effect of childhood

health services on healthy life expectancy. Lastly, there may

be some degree of recall bias in their response to the core

independent variable survey question: “When you were a child,

could you get treatment when you were sick?” However, some

bias can be reduced due to the large sample size of the study.

The shortcomings of this paper will be further addressed in

subsequent studies.

5. Conclusion

The absence of medical care during childhood has a long-

term adverse impact on an individual’s health and, to some

extent, reduces healthy life expectancy in old age. From the

perspective of life course, it reduces the health stock of individuals

and affects the health and quality of life in old age because of

the cumulative effect of disadvantages; additionally, it leads to

negative perception on health and medical treatment, which is

not conducive to establishing a virtuous cycle between medical

services and health. Accordingly, it is crucial to take into account

the individual demands of older adults and their own conditions,

especially the long-term negative effects of adverse experiences in

childhood on individual health, in order to improve health in old

age, extend healthy life expectancy and improve the quality of

the remaining life. Meanwhile, rural female seniors, as a health-

sensitive population with access to childhood healthcare services,

should be a priority to ensure equal access to healthcare rights

and benefits.
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Examining coordination and 
equilibrium: an analysis of supply 
index and spatial evolution 
characteristics for older adult 
services in Zhejiang Province
Hao Ji  and Yingying Yu *

Hangzhou Medical College, Hangzhou, China

Objective: This study aims to analyze the spatial distribution and dynamic evolution 
of older adult service supply in Zhejiang Province from 2010 to 2019. Additionally, 
this research seeks to propose an optimized resource allocation strategy for older 
adult care services, promoting regional fairness and coordinated development.

Methods: To evaluate the older adult service supply capacity, this research first 
constructed an evaluation index system based on the Chinese modernization 
development pattern. Then, an empirical analysis was carried out using a 
combination of the entropy-TOPSIS method, kernel density estimation, Markov 
chain analysis, Dagum Gini coefficient, and panel regression model.

Results: The results show an overall upward trend in the supply and service 
capacity of older adult care in the whole province. However, the spatial distribution 
of older adult service supply capacity in Zhejiang Province still exhibits a gradient 
effect, even in the most recent year of 2019. Furthermore, the supply capacity of 
older adult services shifted to a higher level in the whole province, and regions 
with high supply capacity had a positive spillover effect on adjacent regions. 
The overall difference in the older adult service supply capacity of the province 
showed a decreasing trend. The level of economic development, urbanization 
rate, transportation capacity, the level of opening up, and the proportion of 
employees in the tertiary industry had a significant impact on the supply capacity 
and spatial difference of older adult services.

Conclusion: From the findings, this study puts forth countermeasures and 
suggestions to optimize the spatial distribution of older adult care services. This 
includes giving full play to the regional spatial linkage effect, promoting new-type 
urbanization construction, upgrading the transportation network, and expanding 
the opening up of the industrial structure. By implementing these measures, a 
more equitable and coordinated older adult services system can be developed in 
Zhejiang Province.
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1. Introduction

Population aging has emerged as an intrinsic national condition 
and a consequential future trajectory in the social development of 
China. The seventh National Census reveals that the number of 
individuals aged 60 years and above in China has surpassed a 
staggering 260 million, constituting 18.7% of the total population (1). 
Moreover, a report by the Development Research Center of The State 
Council highlights the projected decline in the proportion of the 
working-age population to 64.1 and 56% by 2035 and 2050, 
respectively, thus engendering a grave imbalance in the age 
composition of the population. Particularly in the economically 
prosperous coastal provinces, the older adult cohort demonstrates 
substantial growth, precipitating a complex and severe predicament 
pertaining to population aging. Taking Zhejiang Province as a 
paradigmatic case, the most recent data reveal that the number of 
individuals aged 60 years and above has reached a considerable 13.29 
million, accounting for 24.37% of the entire population by the end of 
2022. Consequently, the province has attained a notable degree of 
moderate aging, emerging as one of the earliest provinces to navigate 
the intricacies of the aging process. The increasingly stringent 
contours of population aging will invariably engender a steady 
expansion of aging-related disabilities, as well as incidences of 
dementia, within the older adult demographic. The escalating severity 
of population aging will contribute to a persistent escalation in 
age-related ailments such as aging-related disabilities and dementia 
among the older adult population. This predicament not only poses 
significant challenges to China’s prevailing long-term care and security 
systems but also exerts a profound impact on the sustainable 
development of various sectors including economic growth, 
government finance, regional development, security and stability, and 
social harmony.

Hence, the establishment of a comprehensive and multi-tiered 
older adult care service system, along with an enhanced allocation 
capacity of older adult care service resources, and the assurance of 
sufficient, equitable, and coordinated supply of older adult care 
services across regions, not only form the pragmatic foundation for 
the government’s implementation of a healthy aging strategy but 
also constitute a vital prerequisite for fostering coordinated 
regional development and advancing the Chinese-style 
modernization agenda. As early as 1996, China introduced the 
“Law on the Protection of the Rights and Interests of the Older 
Adult,” which called for the enhancement of the social security 
system for the older adult and the establishment of diverse forms 
of medical insurance systems to safeguard their fundamental 
needs. In 2012, the National People’s Congress amended the law, 
emphasizing that proactively addressing the challenges posed by 
population aging is a long-term strategic imperative for the nation. 
In 2020, responding proactively to the escalating phenomenon of 
population aging, the Fifth Plenary Session of the 19th CPC 
Central Committee proposed the development of inclusive older 
adult care services and the construction of an integrated care 
system that amalgamates medical and health services. In recent 
years, China has promulgated a series of policies and regulations, 
including the “Implementation Opinions on Further Expanding 
the Supply of Older Adult Care Services and Promoting the 
Consumption of Older Adult Care Services,” the “National Medium 
and Long-Term Plan for Actively Responding to Population 

Aging,” and the “14th Five-Year Plan” for the Development of the 
National Aging Cause and Older Adult Care Service System. These 
measures have significantly bolstered the framework, scope, and 
quality of the country’s older adult care service system.

Zhejiang Province, renowned for its pursuit of common 
prosperity, has implemented various measures to address the 
challenges posed by population aging. These measures include the 
introduction of the “Practical Implementation Opinions for the Older 
Adult” in 2006 by the Zhejiang Provincial Working Committee on 
Aging, the issuance of the “Opinions on Deepening and Improving 
the Construction of the Social Older Adult Care Service System” by 
the Zhejiang Provincial People’s Government in 2011, and the 
development of the “Vocational Skills Evaluation Measures for Older 
Adult Care Workers” in 2019. More recently, in 2022, Zhejiang 
Province has introduced additional directives such as the 
“Implementation Plan for the Special Action on Older Adult Health 
Services,” the “Implementation Opinions on Strengthening the Work 
of Aging in the New Era” aiming to establish a “Zheli Health Care” 
gold card, and the “Implementation Opinions on Accelerating the 
Construction of a Basic Old-Age Service System,” accompanied by 
the “List of Basic Old-Age Services.”

However, within Zhejiang Province, disparities in social and 
economic development, as well as variations in public expenditure 
preferences among counties, have led to discernible spatial imbalances 
in the provision of older adult care services. For example, the 
economically developed and geographically advantageous “Hangjiahu 
Plain” area enjoys a larger quantity and higher quality of older adult 
care resources. In contrast, the “26 counties in the mountainous area 
of Zhejiang Province,” constituting approximately 24% of the 
province’s population and characterized by limited economic capacity, 
face significant challenges in meeting the needs of their aging 
population. Just as the unreasonable allocation and management of 
natural resources can lead to environmental, safety, and other 
sustainability issues (2), the uneven and uncoordinated allocation of 
older adult care service resources in the planning and arrangement of 
social resources also gives rise to a series of pressing problems, 
including conflicts, discontentment, and social instability (3–5). 
Moreover, it results in accelerated population decline in economically 
disadvantaged regions with insufficient endowment resources and 
excessive population concentration in prosperous areas with abundant 
endowment resources. Consequently, severe regional development 
imbalances exacerbate disparities in public services such as education, 
healthcare, and social security, undermining social equity. Ultimately, 
these factors adversely impact individuals’ quality of life and overall 
well-being. Furthermore, the strain on resources and environmental 
pressures in developed regions leads to increased resource 
consumption and environmental pollution (6), hindering the 
establishment of common prosperity demonstration zones and 
impeding the progress of Chinese-style modernization.

This study focuses on addressing the challenge of spatially uneven 
distribution of older adult care services, with Zhejiang Province as the 
research subject. It aims to measure the level of older adult care service 
supply in the province from 2010 to 2019, analyze the spatiotemporal 
pattern evolution, and identify the key factors and mechanisms 
influencing the supply of older adult care services. The findings from 
this study will have significant theoretical and practical implications 
for Zhejiang Province in developing and enhancing a multi-level older 
adult care service system, improving the capacity, fairness, and 
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equality of service provision, and establishing a modern model of 
older adult care services that align with Chinese characteristics.

2. Literature review

2.1. Theoretical and conceptual research 
on the supply of older adult care services

The supply of older adult care services encompasses various 
aspects of the well-being and daily life of the older adult, including 
physical and mental health, transportation, housing, entertainment, 
and medical treatment (7). However, the specific content and focus of 
these services vary across different periods, regions, and individual 
needs, leading to diverse conceptualizations among scholars. Early 
research emphasized the family as the primary provider of older adult 
care services (8), but with the rise of socialized older adult care 
models, the family-centered approach has evolved. The supply of  
older adult care services now involves collaboration between 
non-professional family care and professional care services from 
institutions and private companies. Scholars influenced by 
personalized care models propose a demand-oriented framework, 
guiding care provision based on the specific needs of the older adult 
(9). Similar concepts, such as “patient/client-centered health care,” are 
found in other literature (10, 11). Another perspective focuses on the 
accessibility of older adult care resources, including home community 
services, institutional care, and administrative support (12). Some 
scholars define the supply of older adult care services from an 
industrial chain perspective, arguing that it should meet the growing 
demand for older adult care. This “medical care and maintenance” 
supply chain integrates various elements, such as workers, products, 
facilities, equipment, medical services, information technology, 
financing, and care system coordination (13). Recent research 
redefines the supply of older adult care services at the outcome level, 
emphasizing a service framework that meets the physiological and 
psychological expectations of the older adult, considering variables 
such as living environment, location characteristics, service facilities, 
government investment, safety, and comfort (14). Moreover, recent 
studies explore the latest trends in the supply of older adult care 
services, examining the expansion and transformation of content, 
objectives, modes, quality, and spatial allocation in the new era of the 
digital economy (15–17).

Previous literature has examined the concept of older adult care 
service supply from various perspectives, offering valuable theoretical 
insights for understanding this article’s focus. Building on these 
studies, this study asserts that the supply of older adult care services 
encompasses a comprehensive endeavor that integrates diverse 
resources such as social security, older adult care service, health 
support, and emotional comfort. It aims to fulfill the survival, health, 
development, emotional, value, and belonging needs of the older adult 
within the framework of a “demand-process-goal for older adult care.”

2.2. Measurement research on the supply 
of older adult care services

In addition to theoretical research on the supply of older adult 
care services, literature also addresses the measurement of such 

supply. Initially, studies focused on measuring the supply level using 
simple indicators. For instance, Idvall et  al. (18) used “registered 
nurses to beds” as a key indicator of hospital quality, while Huang et al. 
(19) assessed the supply level of older adult care services in a specific 
Singaporean community by considering the number of older adult 
care workers. However, researchers have questioned the efficacy of 
single-indicator measurement, leading to the emergence of studies 
constructing comprehensive evaluation index systems (20). These 
systems incorporate various indicators such as human resources (e.g., 
health technicians, medical personnel, and registered nurses), physical 
resources (e.g., older adult care institutions, day care beds, and older 
adult assistance service facilities), and financial resources (e.g., 
healthcare expenditures, pension levels, and older adult subsidies) 
(21–23).

Beyond measuring the supply level, studies also examine the 
fairness in the allocation and utilization of older adult care service 
resources. Scholars such as Culyer and Wagstaff (24) and Sun and Luo 
(25) highlight equity as a prerequisite for resource allocation 
measurement and service utilization evaluation. Liu et al. (26) assessed 
the fairness of China’s health resource allocation between 2009 and 
2013, while a Chinese scholar named Ma and Feng (27) proposed 
measuring the fairness of community home care services based on 
distribution equity, procedural equity, interpersonal equity, and 
information equity. Additionally, the research explores the 
measurement of spatial distribution and accessibility of older adult 
care service resources. For example, Wan et al. (28) measured the 
spatial distribution difference of China’s health service resources using 
geographical big data. Cheng et  al. (29) evaluated the spatial 
accessibility of residential nursing resources for older adult in Beijing 
based on population and nursing resource data, and Cheng et al. (30) 
assessed the accessibility level of healthcare services for older adult in 
Nanjing using GIS data and a tourism survey dataset.

To enhance the effectiveness of measuring the supply of older 
adult care services, various methods and calculation models have been 
developed (31–34). Commonly employed techniques include entropy 
weight, analytic hierarchy process, and data envelopment analysis for 
measuring service provision level or efficiency. When assessing the 
fairness of spatial resource allocation, the Gini coefficient method and 
Theil index method are widely used, often combined with the Lorentz 
curve to provide a visual depiction of pension resource fairness (35). 
Methods such as the two-step floating catchment method, shortest 
path analysis, buffer analysis, and analysis network process are 
commonly used to measure the spatial accessibility of older adult care 
service resources (36). In pursuit of more accurate and comprehensive 
results, researchers have proposed combining multiple analysis 
methods or dynamic assessment approaches to achieve 
multidimensional measurement of resource allocation level, spatial 
fairness, and accessibility (37–39).

2.3. Research on the influencing factors of 
the supply spatial distribution of older adult 
care services

In the face of the rapidly growing older adult population and 
limited spatial resources, it is essential to strategically allocate and plan 
various older adult service resources, such as personnel, facilities, 
institutions, equipment, and products, to enhance the quality of older 
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adult care services. Recent studies have delved into the factors that 
influence the equitable distribution of these services. Three key factors 
have emerged from the literature.

First, the financial autonomy of local governments is crucial. 
When local governments can independently generate funds without 
relying on subsidies from higher or parallel-level governments, they 
can allocate resources more effectively (40, 41). Inadequate financial 
autonomy may hamper investment in public services, including older 
adult care, leading to an unjustifiable distribution of services. Second, 
external environmental factors play a significant role. Regional 
economic development, urbanization rate, population density, road 
infrastructure, industrial structure, and transportation systems have 
been found to exert significant influence on the spatial distribution of 
public services, including older adult care (41–44). Moreover, the 
advent of the digital economy era has introduced new dimensions to 
business innovation, such as those based on artificial intelligence and 
blockchain technology (45). Third, policy factors are influential. 
Studies have used mathematical models to analyze the impact of 
policy tools on the spatial distribution of older adult care services. 
Findings suggest that effective government policies and their 
implementation are essential for ensuring an adequate and balanced 
service supply. A strategic combination of policies can optimize the 
allocation of resources and improve the overall effectiveness of older 
adult care services (46).

In recognition of the importance of equitable spatial allocation, 
the Chinese government has introduced relevant plans and policies. 
Initiatives such as the “Thirteenth Five-Year Plan for Promoting 
Equitable Provision of Basic Public Services” (2017) and the 
“Fourteenth Five-Year Plan” (2021) emphasize the need for equal 
access to basic public services. Despite these efforts, spatial disparities 
in older adult care services persist during the current stage of 
development characterized by “common prosperity.” Therefore, it is 
crucial to identify and address the factors that contribute to these 
disparities. By doing so, a high-quality and efficient modern older 
adult care service system can be established, meeting the growing 
demand and ensuring the sustainable development of the economy 
and society.

In conclusion, the research on the supply of older adult care 
services has made significant progress in the existing literature. 
Theoretical studies have focused on defining the concept, mode, 
content, and objectives of older adult care service supply. Empirically, 
scholars have developed evaluation index systems and measurement 
methods to assess the supply level, fairness, and efficiency of basic 
public services, including older adult care services. However, there are 
limitations in the current research that need to be addressed, especially 
considering China’s aging population, widening regional development 
gap, and the “people-oriented” service concept emphasized in 
Chinese modernization.

First, the existing index system for measuring the supply level of 
older adult care services needs further improvement and enrichment. 
Older adult care services encompass a wide range of social security, 
medical, and emotional support services. However, the current 
evaluation indicators are limited, leading to potential 
measurement biases.

Second, a more comprehensive investigation is needed to 
understand the evolution of spatial distribution patterns of older adult 
care service supply. The spatial distribution of older adult care services 
is a complex process that evolves. Most existing studies only provide 

cross-sectional analyses at specific time points, neglecting temporal 
changes and trends. This hampers effective policymaking that takes 
into account dynamic shifts.

Third, a deeper analysis of the factors influencing spatial 
distribution disparities in the supply of older adult care services is 
necessary. Current literature predominantly compares absolute spatial 
differences, providing a surface-level understanding but failing to 
uncover the underlying causes accurately. To address these 
shortcomings, this study empirically examines the spatial distribution 
pattern, differences, and dynamic trends in the supply of older adult 
care services in the common prosperity demonstration area of 
Zhejiang Province from 2010 to 2019. Based on the analysis, the 
author proposes strategies to optimize the supply capacity and 
resource allocation of older adult care services.

3. Study design

3.1. Evaluation index system design

In 2022, The State Council released “The 14th Five-Year Plan for 
the Development of the National Cause for the Aged and the Older 
Adult Service System” [State Development (2021) No. 35], highlighting 
the importance of social security, older adult services, and health 
support. It emphasized the need to enhance the supply of high-level 
and equitable resources for older adult services to fully meet the 
diverse and evolving needs of the older adult population (47). Apart 
from material services, this study recognizes that many older adult 
individuals experience various psychological and emotional 
challenges, such as depression, anxiety, and insomnia following the 
loss of a spouse or limited social engagement (48). To capture the 
comprehensive notion of “the supply of older adult services” and 
ensure objectivity, systematization, and operational feasibility, this 
study constructs an evaluation index system encompassing four 
dimensions: “social security, older adult care, health support, and 
emotional comfort” (as presented in Table 1).

(1) A robust social security system is vital for ensuring a sufficient 
supply of older adult services, encompassing social assistance, social 
insurance, and social welfare. Social assistance acts as a safety net, 
providing essential protection to vulnerable individuals in various 
areas, including medical support, education, and employment. For 
older adult, medical assistance is particularly crucial. Social insurance 
serves as the cornerstone of the modern social security system, 
covering components such as pension insurance, medical insurance, 
unemployment insurance, and maternity insurance. Regarding older 
adult care services, the key components are pension insurance and 
medical insurance. Social welfare, aimed at enhancing citizens’ 
standard of living, includes both general provisions such as public 
education and employment assistance and specific support for groups 
such as older adult, through measures such as old-age subsidies and 
legal aid. This study employs five indicators, including “Expenditure 
on direct medical assistance during the year,” to assess the level of 
old-age service supply within the social security dimension.

(2) Care services encompass various components, including care 
institutions, care personnel, and care facilities, all aimed at enhancing 
the quality of life and functional abilities of the older adult. First, older 
adult care institutions, such as nursing homes, assisted living facilities, 
and senior apartments, play a crucial role in delivering quality care 
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services. Key elements within these institutions are “nursing beds” and 
qualified staff, which are essential for providing high-quality care. 
Additionally, “public welfare older adult care institutions” serve as 
important platforms for offering care services to all older adult 
individuals as part of their livelihood support. Second, community 

care is a significant model for providing older adult care services, with 
community-based facilities playing a central role in delivering care 
services. Finally, we included an average life expectancy indicator to 
assess the effectiveness of care services. To capture the supply level of 
care services, this study selects six indicators, including the number of 

TABLE 1 Evaluation index system of older adult care service supply capacity.

Primary 
indicators

Secondary 
indicators

Calculation description Unit Weight Directionality Inspired

1. Social security 

system

(1) Basic pension 

standard

Accessing official data from local 

departments of human resources and 

finance.

10,000 CNY 0.052 +
Bali (49) and Nyqvist 

(50)

(2) Registration rate 

of basic medical 

insurance coverage

Accessing official data from the local 

Health Commission.
% 0.033 + Tian et al. (51)

(3) Expenditure on 

direct medical 

assistance during the 

year

Accessing official data from the local 

Health Insurance Bureau.
10,000 CNY 0.028 +

Trachtenberg and 

Manns (52)

(4) Number of legal 

aid centers per 1,000 

older adults people

(Number of legal aid centers for the 

older adult within the year)/(Number 

of permanent residents aged 60 and 

above in the jurisdiction within the 

year) × 1,000

Each 0.015 +
Amirgaliev and 

Nurkatova (53)

(5) Proportion of 

older adults receiving 

older adult subsidies

The sum of the number of older adults 

receiving subsidies for advanced age, 

nursing, and older adult care services 

divided by the number of older adults 

aged 65 and above.

Person 0.038 + Liu et al. (26)

2. Older adult care 

service system

(1) Number of 

nursing institutions 

per 1,000 older adults

(Number of nursing institutions within 

the jurisdiction in a year)/(Number of 

permanent residents aged 60 and above 

within the jurisdiction) × 1,000.

Each 0.042 +
Zhang et al. (21) and 

Liu et al. (54)

(2) Proportion of 

nursing beds in older 

adult care institutions

(Number of nursing beds in older adult 

care institutions in a year)/(Total 

number of beds in older adult care 

institutions in a year).

% 0.068 + Wang et al. (37)

(3) Number of public 

welfare older adult 

care institutions per 

1,000 older adults

(Number of non-profit older adult care 

institutions in the jurisdiction in a 

year) / (Number of permanent 

residents aged 60 and above in the 

jurisdiction in a year) × 1000.

Each 0.049 +
Hjelmar et al. (55) and 

Morris (56)

(4) Total value of 

community older 

adult care (mutual 

aid) facilities

Interview government officials to 

obtain relevant data.

Ten 

thousand 

yuan

0.051 + Liu et al. (54)

(5) Life expectancy 

per capita

Accessing official data from the local 

Health Commission.
Year 0.047 + Boniol et al. (57)

(6) Average number 

of employees in older 

adult care institutions 

at the end of the year

Accessing official data from local civil 

affairs departments.
Person 0.073 +

Hjelmar et al. (55) and 

Morris (56)

(Continued)
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nursing institutions per 1,000 older adult people, at the care 
services level.

(3) Enhancing the supply of older adult care services relies on 
the development of comprehensive health support services tailored 
to the aging population. These services encompass a range of crucial 
elements, including rehabilitation healthcare, general healthcare, 
disease treatment, and health management. To evaluate and 
characterize the effectiveness of older adult care services in 
delivering rehabilitation and healthcare, this research employs two 
key indicators: the “Number of medical beds in health institutions 

per 1,000 older adult people” and the “Proportion of rehabilitation 
professionals in the community.” These indicators provide insights 
into the availability and accessibility of rehabilitation services 
within the older adult care framework. Furthermore, to assess the 
healthcare capacity of older adult care services, the “Number of 
certified caregivers per 1,000 older adult people” is employed. In 
addition, the “Premature mortality rate of major chronic diseases 
in the older adult” and the “Health management rate of the older 
adult population” are utilized as metrics to gauge the effectiveness 
of disease treatment and health management within the realm of 

TABLE 1 (Continued)

Primary 
indicators

Secondary 
indicators

Calculation description Unit Weight Directionality Inspired

3. Health support 

system

(1) Number of 

medical beds in 

health institutions per 

1,000 older adults

Accessing official data from the local 

Health Commission.
Each 0.088 +

Li et al. (38) and Wang 

et al. (58)

(2) Number of 

certified caregivers 

per 1,000 older adults

(Number of certified caregivers in the 

year)/(Number of permanent residents 

aged 60 and above in the jurisdiction in 

the year) × 1,000

Each 0.092 +
Boniol et al. (57) and 

Pu (59)

(3) Proportion of 

rehabilitation 

professionals in the 

community

Interview government officials to 

obtain relevant data.
% 0.098 + Li et al. (23)

(4) Premature 

mortality rate of 

major chronic 

diseases in older 

adults

Accessing official data from the local 

Health Commission.
% 0.036 − Cao et al. (60)

(5) Health 

management rate of 

the older adult 

population

Accessing official data from the local 

Health Commission.
% 0.059 +

Chao et al. (61) and 

Huang et al. (62)

4. Emotional 

comfort system

(1) Number of senior 

colleges per 1,000 

older adults

(Number of senior colleges in the 

jurisdiction in the year)/(Number of 

permanent residents aged 60 and above 

in the jurisdiction in the year) × 1,000

Each 0.026 + Erdenee et al. (63)

(2) Total area of 

community parks per 

1,000 older adults 

(Total area of community parks in the 

jurisdiction in the year)/(Number of 

permanent residents aged 60 and above 

in the jurisdiction in the year) × 1,000

Km2 0.038 + Zhang et al. (64)

(3) Number of older 

adult associations 

organizations per 

1,000 older adults

(Number of older adult association 

organizations in the jurisdiction in the 

year) / (Number of permanent 

residents aged 60 and above in the 

jurisdiction in the year) × 1000.

Each 0.035 + Shao et al. (65)

(4) Number of older 

adult activity stations 

(centers or activity 

rooms) per 1,000 

older adults

[Number of senior activity stations 

(centers/rooms) in the jurisdiction in 

the year]/(Number of permanent 

residents aged 60 and above in the 

jurisdiction in the year) × 1,000

Each 0.032 +
Boniol et al. (57) and 

Shao et al. (65)

Measurement indicators were selected and refined based on the literature review. Indicator weights were calculated using the entropy weight method.
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older adult care service provision. These indicators collectively offer 
a comprehensive evaluation of the quality and effectiveness of 
health support services in older adult care.

(4) Enhancing the mental well-being of the older adult represents 
a pivotal aspect within the realm of older adult care services. Mental 
well-being pertains to the provision of emotional solace to older 
individuals, irrespective of the goal of healing, intending to foster a 
sense of meaning in life. This objective is achieved through a diverse 
range of approaches, including educational initiatives, active 
engagement, entertainment, and participation in various activities. 
These avenues serve to empower older adults, enabling them to 
transcend feelings of isolation, anger, anxiety, and fear surrounding 
mortality. To assess the extent of emotional support encompassed in 
older adult care services, this study utilizes four indicators: “Number 
of senior colleges per 1,000 older adult people,” “Total area of 
community parks per 1,000 older adult people,” “Number of senior 
association organizations per 1,000 older adult people,” and “Number 
of older adult activity stations (centers or activity rooms) per 1,000 
older adult people.” Collectively, these indicators offer valuable 
insights into the level of emotional support embedded within the 
supply of older adult care services.

3.2. Methods

3.2.1. The measurement method of the supply of 
older adult services

The evaluation index system for the supply of older adult services 
was established according to the latest policy regulations and previous 
research results, as shown in Table 1. The entropy weight method was 
applied to calculate the weights of each index. The TOPSIS method 
was used to assess the supply capacity of older adult services in various 
sampled counties of Zhejiang Province. The specific process was 
as follows:

First, construct the weighted normalized matrix, denoted as 
Z zij m n
=   × ; second, determine the positive and negative ideal 

solutions Z +  and Z −, where Z z i m j Jij
+ += ∈[ ] ∈{ }max 1, ; ， 

Z z i m j Jij
− −= ∈[ ] ∈{ }min 1, ; , and J + and J − are the sets of positive 

and negative indicators, respectively; again, calculate the positive and 
negative ideal solution distances Di+ and Di−, where 

D z z i mi j
j

m
ij j

+

=

+= −( ) ∈[ ]∑ω
1

2

1, ,  and 

D z z i mi j
j

m
ij j

−

=

−= −( ) ∈[ ]∑ω
1

2

1, , ; finally, calculate the relative 

proximity, denoted as C D D Di i i i= +( )− − +/ , specifically, the closer 
the value of Ci is to 1, the stronger the supply capacity of older adult 
services, and vice versa.

3.2.2. Analysis of the evolutionary trends in the 
supply of older adult services

3.2.2.1. Kernel density estimation
The kernel density estimation (KDE) is a non-parametric 

method for estimating probability density that uses a peak function 

to represent the density, allowing for the portrayal of the 
distribution of examined objects’ location, dynamics, extension, 
and polarization by an uninterrupted time-varying density profile 
(66). This method has gained popularity for spatial disequilibrium 
analysis because of its reduced reliance on models, strong 
robustness, and accurate portrayal of spatial distribution. In this 
study, we  use kernel density distribution curves to analyze the 
dynamic characteristics of older adult service supply capacity in 
Zhejiang Province and compare them across different periods. The 
position of the graph can reflect the high and low supply capacity 
of older adult care services, while changes in the height and width 
of the dominant peak can indicate the trend of absolute differences 
in supply capacity between counties. We can examine the difference 
between the counties with high supply capacity and those with low 
supply capacity by looking at the extension of the distribution 
pattern, and the degree of polarization of supply capacity is 
indicated by the number of peaks. The calculation method is 
presented below:

 

f x
Nh

K X x
h

K x x
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N
i( ) = −
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=
∑1

1

2 2

1

2

π
exp

 

(1)

Where f x( ) is the density function of the random variable x , N  
is the number of observations (the number of counties), K ∆( )  is the 
Gaussian kernel function, Xi is the independent and identically 
distributed observations, x  is the mean value, and h is the bandwidth 
of the distribution curve. It is essential to consider that the choice of 
bandwidth h in kernel density estimation is critical, as extremely large 
or small values can introduce bias in characterizing the resulting 
curve. To address this issue, we conducted several iterations to identify 
the optimal bandwidth h , which we  determined to be  0.05. This 
selection ensures a balanced representation of the density estimation, 
enhancing the accuracy and reliability of our results.

3.2.2.2. Markov chain and spatial Markov chains
Considering the limitations of the kernel density estimation curve 

in capturing the relative changes and probabilities associated with the 
supply capacity of older adult services within a specific region, this 
research utilizes a traditional Markov chain methodology to 
investigate the internal dynamic evolution patterns of older adult 
service supply capacity in different sampled counties of Zhejiang 
Province. To be more precise, a first-order homogeneous Markov 
chain model is developed, and the transition probability matrix is 
estimated using the maximum likelihood estimation technique, which 
takes into account the current state and transition probabilities. 
Through this approach, we can depict the evolutionary trends in the 
supply of older adult services.

Markov chain model exhibits a special form of motion in a 
stochastic process that takes the form of a finite set of elements, and 
the elements in the set are the states of the stochastic process, with the 
salient feature that the conditional distribution of the state xt  in period 
t  is related to the state xt-1  in the period t-1 . Assuming that the 
state of x jt =  in period t  is j , the elements of the set obey the 
following relations:
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 (2)

In this study, Pij is the transition probability of a county's older 
adult service supply capacity from type i in the year t  to type j  in the 
year t +1, calculated by the maximum likelihood method, P n nij ij i= / ,  
where nij is the number of counties in the observation period from type 
i in the year t-1  to type j  in the year t , and ni is the number of 
counties in the observation period that are of type i. The probability 
distribution and changes of each state can be measured by dividing the 
older adult service supply capacity of Zhejiang Province into N  states 
(i.e., constructing N  rows and N  columns state transfer probability 
matrix) during the observation period, and then the dynamic evolution 
pattern, probability, and trend of older adult service supply capacity 
during the observation period can be examined. On this basis, the 
transition direction can be  analyzed based on the upgrading, 
invariance, and reduction of the state of the older adult service 
supply capacity.

However, traditional Markov chains are limited in revealing the 
influence of spatial factors on the dynamic transfer of older adult 
service supply capacity. This study introduces spatial Markov chains 
for further analysis. The spatial Markov chain can evaluate the 
influence of geographic factors on the probability of transfer of 
older adult service supply capacity within a region and reveal the 
intrinsic relationship between the spatiotemporal evolution trend 
of the examined object and the geographic factors. Its basic idea is 
as follows: Based on the spatial weight matrix, the Markov chain 
transition probability matrix N N×  is divided into N  groups of 
N N×  transition probability matrices. If the spatial lag type of a 
region in the t  period is N , then P Nmn ( ) represents the spatial 
transition probability of the region from type m  in the t  period to 
type n . In the specific operation, the significance of the impact of 
geographical factors on the supply capacity of older adult care 
services in the region should also be tested.

The commonly used test method is the global Moran’s index 
test. The global Moran’s index assumes homogeneity among spatial 
units and is used to analyze the spatial correlation pattern of a 
particular attribute across the entire region. The formula is 
as follows:
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In formula (3), s
n

x x
j

n
i

2

1

1
= −( )

=
∑  denotes the variance of 

synergy, reflecting the degree of spatial dependence among older 

adult service supplies. ωij  represents the weight matrix, which 

captures the spatial relationships between sampled counties. n 
signifies the total number of counties considered in the analysis. The 
global Moran’s index, ranging from −1 to 1, is employed to measure 
the spatial patterns of older adult service supply. A positive value 
indicates the presence of spatial clustering, suggesting localized 
concentrations of older adult service provision. Conversely, a 
negative value suggests spatial dispersion, indicating scattered 
distributions of service provision. A Moran’s index of 0 suggests that 

spatial factors have no discernible impact on the supply of older 
adult services, implying a random spatial distribution. This measure 
provides valuable insights into the spatial characteristics of older 
adult service supply.

3.2.3. Analysis of spatial differences in the supply 
of older adult services and the influencing factors

3.2.3.1. Dagum Gini coefficient and its decomposition by 
subgroups

In this study, we adopt the Gini coefficient proposed by Dagum 
(67) and its decomposition method by subgroups to empirically study 
the spatial disparities in the supply capacity of older adult services in 
Zhejiang Province. The Dagum Gini coefficient is a widely used 
measure of income inequality that can be  adapted to assess the 
inequality of any distribution, including the spatial distribution of 
older adult service supply (67). The formula used to calculate the 
Dagum Gini coefficient is as follows:
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In formula (4), n  is the number of counties, k  is the number of 
blocks (the blocks in this study are Northern Zhejiang region, 
Southeastern Zhejiang region, and Southwestern Zhejiang region), n j 
and nh are the number of counties in blocks j  and h, respectively, γ  is 
the average of the supply capacity of older adult services in blocks, and 
x jh and xhr are the supply capacity of older adult services in each 
county in blocks j  and h , respectively. Based on the above 
decomposition idea, G  is the sum of Gnb, Gw, and Gt. Gnb is the 
difference between the older adult service supply capacity of blocks j  
and h, i.e., the degree of contribution of the difference between blocks; 
Gw is the difference between the older adult service supply capacity of 
blocks j  or h, i.e., the degree of contribution of the difference within 
blocks; Gt is the residual term of the cross-influence of the older adult 
service supply capacity between blocks, i.e., the degree of supervariable 
density contribution.

3.2.3.2. Panel data model
This study presents a panel data model where the supply capacity 

of older adult services in each county serves as the dependent variable, 
while the level of economic development, urbanization rate, 
transportation capacity, the level of opening up, and the proportion of 
employees in the tertiary industry serve as the independent variables. 
The aim is to analyze the factors that influence the spatial differences 
in the supply capacity of older adult services. The model can 
be expressed as follows:

 
Y Xit i n

n

n
itn it= + +

−
∑α γ ε

1  
(5)

In formula (5), i is the number of counties, t  is the year 
distribution, αi  is the cross-sectional term of the model, and εit  is the 
random disturbance term of the model; Yit is the dependent variable, 
which represents the supply capacity of older adult services in each 
county; Xit is the independent variable (explanatory variable), and n  
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is the number of independent variables. The variables in the regression 
model are explained as follows:

3.2.3.2.1. The level of economic development (econ)
Previous studies have consistently demonstrated a positive 

association between the level of local economic development and the 
capacity of local governments to deliver public services, particularly in 
the domain of older adult care (68). Consequently, regions characterized 
by higher gross domestic product (GDP) are typically endowed with 
greater governmental resources to support and provide comprehensive 
older adult services, whereas regions with lower GDP exhibit relatively 
constrained capacities to meet such service demands. Accordingly, this 
research adopts GDP as an indicator proxying the level of 
economic development.

3.2.3.2.2. Urbanization rate (urba)
Previous research has shown that urbanization plays a vital role in 

overcoming the challenges posed by the urban–rural divide, 
facilitating economic development, and enhancing coordinated 
regional growth. It also contributes significantly to the enhancement 
of the supply capacity of older adult services (69). In this study, the 
urbanization rate of each county is determined by considering the 
proportion of the year-end urban population concerning the year-end 
resident population.

3.2.3.2.3. Transportation capacity (tran)
Based on the principles of new economic geography, efficient 

transportation networks foster regional connectivity, facilitate the 
spillover of economic activities across city boundaries and clusters, 
and give rise to scale effects and scope economies (70). These 
dynamics provide local governments with opportunities to lower 
public service costs and improve service provision. In this study, 
transportation capacity is quantified by calculating the weighted sum 
of passenger and freight traffic volume, serving as a measure of the 
region’s transportation infrastructure and its ability to support 
service delivery.

3.2.3.2.4. The level of opening up (open)
Previous research has established that the extent of economic 

openness serves as a valuable measure of the local economy’s 
development status, dynamism, and potential, and has a discernible 
influence on the capacity to provide older adult services to some 
extent (71). To capture this aspect, this study adopts the ratio of actual 
foreign capital utilization to local GDP as an indicator to assess the 
level of economic openness.

3.2.3.2.5. The proportion of employees in the tertiary industry 
(empl)

Prior research indicates that the industry is the fundamental unit 
of regional development, and the size and quality of the tertiary 
industry are crucial for achieving high-quality economic and social 
development (72). Improving the concentration level and investment 
intensity of the tertiary industry in different cities (clusters) is essential 
for enhancing the supply of public goods and promoting the capacity 
of older adult care services. The calculation method is the proportion 
of people engaged in the tertiary industry to the total 
employed population.

3.3. Data source and research description

To investigate the spatial disparities in the supply capacity of 
older adult services in Zhejiang Province, this study adopts a 
regional approach, dividing the area into three distinct regions: 
Northern, Southeastern, and Southwestern Zhejiang. The entropy-
TOPSIS method is employed to standardize the data about the older 
adult service supply capacity in each sampled county of Zhejiang 
Province. Additionally, panel regression analysis is conducted, 
utilizing the natural logarithm of relevant variables to address 
potential issues of non-stationarity and non-linearity. The primary 
data sources encompass various official statistical publications, 
including the China Civil Affairs Statistical Yearbook, China 
County Statistical Yearbook, China Health Statistical Yearbook, 
China Social Statistical Yearbook, China Transportation Statistical 
Yearbook, Zhejiang Civil Affairs Development Statistical Bulletin, 
Zhejiang Statistical Yearbook, and Zhejiang Health Yearbook, 
alongside statistical yearbooks from 11 prefecture-level cities in 
Zhejiang Province and publicly accessible statistical bulletins 
released by the respective prefecture-level city statistical bureaus’ 
websites. Furthermore, to supplement publicly available data, the 
research team conducted targeted surveys to collect additional 
information from relevant government officials, ensuring a 
comprehensive dataset for analysis.

4. Empirical analysis

4.1. Dynamic evolution of older adult 
service supply in Zhejiang Province

4.1.1. Dynamic characterization of kernel density 
estimation

To capture the dynamic evolution of older adult service supply in 
different regions of Zhejiang Province, this study utilizes the Gaussian 
kernel function to estimate the kernel density. This approach enables 
us to examine the distribution position, situation, extensibility, and 
polarization trend of the older adult service supply capacity in 
different periods, allowing for a comprehensive exploration of its 
dynamic characteristics.

To reflect the dynamic trend of the older adult service supply 
index and enhance comparability among different observation 
datasets, we established 2010 as the baseline and selected observation 
datasets at a biennial interval. This systematic approach enabled us to 
generate kernel density estimation curves for older adult service 
supply in the years 2010, 2012, 2014, 2016, and 2018. Additionally, to 
capture the latest features of older adult service supply, we incorporated 
data from 2019 and plotted the corresponding kernel density 
estimation curve. The specific estimation results are presented in 
Figure 1.

4.1.1.1. Distribution dynamics at the province-wide level
Figure 1A illustrates the dynamic evolution trend of the supply 

capacity of older adult services in the province. During the 
observation period: ① In terms of position, the center axis of the 
kernel density distribution curve gradually shifts to the right over 
the years, indicating a steady improvement in the province’s supply 
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capacity of older adult services. ② Regarding the situation, the 
connecting line of the main peak points of the kernel density 
distribution curves exhibits a fluctuation pattern resembling the 
shape of the letter “N.” Furthermore, the width of the curves 
undergoes a slight narrowing, followed by expansion, and then a 
subsequent slight narrowing. This implies a reduction in the overall 
dispersion of the supply capacity of older adult services in the 
province, with a narrowing trend in the absolute differences 
between regions. ③ In terms of extensibility, the kernel density 
distribution curve demonstrates a significant right-tail phenomenon 
in 2010, gradually transitioning into a “half left distribution” pattern 
in 2018 and 2019. This indicates an overall upgrade in the supply 
capacity of older adult services in recent years, accompanied by a 
moderation of the gap between regions categorized as “high level” 
and “low level” in terms of supply capacity. ④ With regard to 
polarization trends, since 2014, the kernel density distribution 
curve of supply capacity exhibits less pronounced “multi-peak” 
patterns, with 2016 being the most distinct. Notably, the “dominant 
peak” corresponding to areas with high supply capacity surpasses 
the “secondary peak” corresponding to areas with low supply 
capacity. This suggests a gradient effect in the supply capacity of 
older adult services across all regions of the province, characterized 
by bipolar or multipolar differentiation. However, the differentiation 

trend is not significant, and recent years have shown signs of 
gradual alleviation.

4.1.1.2. Distribution dynamics at each region level
Figures 1B–D present the dynamic evolution trends of the supply 

capacity of older adult services in the Northern Zhejiang region, 
Southeastern Zhejiang region, and Southwestern Zhejiang region, 
respectively. During the observation period: ① In terms of location, 
the center positions of the kernel density distribution curves for the 
supply capacity of older adult services in these three regions shifted to 
the right as the years increased, indicating a continuous improvement 
in the level of older adult service supply in the aforementioned areas 
throughout the observation period. ② Regarding trends, the main 
peak height of the kernel density curve for older adult service supply 
in the Northern Zhejiang region showed a fluctuating downward 
trend, and at the same time, the curve width slightly increased over 
the years, indicating an expansion of the absolute differences in its 
older adult service supply capacity. The main peak height of the kernel 
density curve for older adult service supply in the Southeastern 
Zhejiang region exhibits an overall fluctuating “N-shaped” trend, and 
the curve width shows a certain degree of narrowing over time, 
indicating a gradual reduction in the absolute differences in the older 
adult service supply capacity in this region. The main peak height of 

FIGURE 1

Distribution dynamics of the supply capacity of older adult services in Zhejiang Province from 2010 to 2019. (A) Provincial level. (B) Northern Zhejiang 
region. (C) Southeastern Zhejiang region. (D) Southwestern Zhejiang region.
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the kernel density curve for older adult service supply in the 
Southwestern Zhejiang region showed less noticeable changes, and the 
curve width displayed a slight decrease followed by a slight expansion 
trend, indicating the process of decreasing and then enlarging absolute 
differences in its older adult service supply capacity. ③ In terms of 
extendibility, the kernel density distribution curve in the Southeastern 
Zhejiang region displayed a significant right-tail phenomenon in the 
initial years, but as time passed, the tailing phenomenon reduced, 
indicating a significant improvement in the spatial differences in older 
adult service supply level during the observation period. In 
comparison to the Southeastern Zhejiang region, the kernel density 
distribution curves in the Northern Zhejiang region and Southwestern 
Zhejiang region did not exhibit significant right-tail phenomena. ④ In 
terms of polarization trends, the kernel density distribution curves in 
the Northern Zhejiang region, Southeastern Zhejiang region, and 
Southwestern Zhejiang region displayed multi-peak or bimodal trends 
in one or more years, indicating a certain degree of gradient effect in 
the overall levels of older adult service supply in these regions. 
However, compared to the Southeastern and Southwestern Zhejiang 
regions, the gradient effect in the Northern Zhejiang region was the 
least significant. Finally, the kernel density distribution curves in the 
Northern Zhejiang region, Southeastern Zhejiang region, and 
Southwestern Zhejiang region evolved from a “right-skewed 
distribution” in 2010 to a “left-skewed distribution” in 2018 and 2019, 
indicating a significant improvement in the supply capacity of older 
adult services in these regions during the observation period. It also 
implies a narrowing gap between regions with “high-level” and 
“low-level” supply capacity, indicating an enhancement in the regional 
synergy of older adult service supply in Zhejiang Province throughout 
the entire observation period.

4.1.2. Dynamic characterization of Markov chain

4.1.2.1. Traditional Markov chain
The kernel density distribution curve provides a visual 

representation of how the supply capacity of older adult services in 
Zhejiang Province changes over time during the observation period. 
However, it has limitations in capturing the underlying dynamics of 
this development comprehensively. To address this issue, the present 
study employs the Markov chain analysis method, which enables a 
more in-depth investigation of the transition probabilities and trends 
in the supply capacity of older adult services across different regions 
of Zhejiang Province from 2010 to 2019.

To begin with, the quartile method is utilized to classify the 
measurement results of older adult services supply capacity in each 
sampled county into four distinct levels. Level I corresponds to a low 
level (<25%), Level II corresponds to a medium-low level (25 ~ 50%), 
Level III corresponds to a medium-high level (50 ~ 75%), and Level IV 
corresponds to a high level (>75%) (for more detailed information, 
please refer to Table 2).

Subsequently, the Markov chain analysis method is applied to 
calculate the state transition probability matrix of the older adult 
services supply capacity in Zhejiang Province throughout the 
observation period, based on the aforementioned classification. The 
obtained results are presented in Table 3, revealing the probabilities of 
transitioning between different supply capacity levels over time.

In Table 3, the values on the diagonal line represent the probability 
of the regional older adult service supply capacity maintaining its state 

type, indicating the stability of the evolution of the supply capacity. 
The values on the non-diagonal line represent the probability of the 
regional older adult services supply capacity transitioning between 
different state types, providing an intuitive understanding of the 
evolutionary trend and characteristics of the supply capacity in 
Zhejiang Province, without considering spatial factors.

First, the diagonal line consistently exhibits higher values than the 
off-diagonal line, revealing a pattern of higher stability in maintaining 
the original level of older adult service supply capacity. After 1 year, 
the probabilities of sample counties in Level I, Level II, Level III, and 
Level IV maintaining their respective levels are 57.35, 42.65, 50.00, 
and 81.52%, respectively. This phenomenon suggests a notable “club 
convergence” effect among different levels.

Second, the probabilities at the ends of the diagonal line are higher 
than those in the middle, indicating a relatively greater likelihood for 
sample counties with low-level and high-level older adult service 
supply capacity to remain at their original levels. This finding 
highlights a more pronounced club convergence phenomenon for 
both low-level and high-level supply capacities.

Third, there is an overall significant trend of older adult service 
supply capacity progressing from low level to high level. The 
probabilities of transitioning one level up after 1 year for Level I (low 
level), Level II (medium-low level), and Level III (medium-high level) 
are 32.89, 35.33, and 33.58%, respectively. Moreover, the results 
suggest the possibility of leapfrogging the older adult service supply 
capacity in Zhejiang Province. Specifically, the probabilities of Level 
I (low level) leaping to Level III (medium-high level) and Level IV 
(high level) are 3.95 and 2.63%, respectively. The probability of Level 
II (medium-low level) leaping to Level IV (high level) is 6.00%. 
However, it is important to note that the probabilities of leapfrogging 

TABLE 2 Quartile division of measured results for older adult services 
supply capacity in Zhejiang Province from 2010 to 2019.

Quartile 
ranges

Obs Mean SD Min Max

Level I ≤ Q1 153 0.148 0.076 0.001 0.278

Q1 < Level II 

≤Q2

152 0.381 0.056 0.281 0.476

Q2< Level III 

≤Q3

152 0.573 0.055 0.483 0.663

Q3 < Level IV 153 0.781 0.080 0.665 0.956

Total 610 0.471 0.244 0.001 0.956

The measurement results represent the values of the older adult services supply index for 61 
sample counties in Zhejiang Province from 2010 to 2019, ranging between 0 and 1. The first 
quartile Q1 = 0.2789, the second quartile Q2 = 0.4794, and the third quartile Q3 = 0.6646.

TABLE 3 Markov chain transition probability matrix for older adult 
services supply capacity in Zhejiang Province from 2010 to 2019.

Type n I II III IV

I 152 60.53% 32.89% 3.95% 2.63%

II 150 12.67% 46.00% 35.33% 6.00%

III 137 2.19% 5.11% 59.12% 33.58%

IV 110 2.73% 4.55% 9.09% 83.64%

“n” represents the number of counties included in regions of different levels during the 
observation period. This table includes the same information.

239

https://doi.org/10.3389/fpubh.2023.1222424
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Ji and Yu 10.3389/fpubh.2023.1222424

Frontiers in Public Health 12 frontiersin.org

between levels are lower compared to the probabilities of transitioning 
between adjacent types.

Additionally, it is worth emphasizing that there is a probability of 
downward transitions in older adult service supply capacity after 
1 year. The probabilities of Level II (medium-low level), Level III 
(medium-high level), and Level IV (high level) transitioning one level 
down are 12.67, 5.11, and 9.09%, respectively. This indicates the 
presence of a certain risk of downward mobility in the older adult 
service supply capacity in Zhejiang Province, requiring attention and 
vigilance from relevant governmental and management departments.

4.1.2.2. Spatial Markov chains
Traditional Markov chain analysis, when reflecting the transition 

characteristics of older adult services supply capacity in different 
regions of Zhejiang Province, treats each region as an independent 
unit and does not consider the influence of surrounding neighboring 
types on its evolution. However, the dynamic progression of older 
adult services supply capacity, whether upward or downward, based 
on location factors, is not isolated. Existing research has shown a 
significant spatial correlation in older adult services supply capacity 
(73). Therefore, this study incorporates a geographic spatial weight 
matrix and further verifies the global Moran’s Index of older adult 
services supply capacity in Zhejiang Province using Formula (3). The 
results are presented in Table 4. It can be observed that during the 
observation period, the global Moran’s Index of older adult services 
supply capacity in Zhejiang Province is consistently positive and 
significant, indicating a significant positive spatial correlation among 
the sampled counties in Zhejiang Province in terms of older adult 
services supply capacity.

The examination results of the global Moran’s I index indicate that 
spatial factors have a significant impact on the older adult service 
supply capacity in sample counties of Zhejiang Province. Therefore, it 
is necessary to incorporate the “spatial” variable into the research 
scope and construct a spatial Markov chain probability transition 
model. The classification criteria for older adult service supply capacity 
remain consistent with Table 2 mentioned earlier, and the calculation 
results are presented in Table 5.

As shown in Table 5, the influence of spatial effects on the supply 
capacity of older adult services in Zhejiang Province is mainly 
manifested as follows:

First, the transfer probability matrices differ under different 
spatial lag types, indicating that the probability of older adult service 
supply capacity transfer in this county, influenced by the variations in 
neighboring counties’ capacities, varies among different spatial 
lag types.

Second, the diagonal elements of the transfer probability matrices 
are not always greater than the off-diagonal elements under different 
spatial lag types. This result suggests that, under spatial spillover 
effects, the probability of “level lock-in” in older adult service supply 
capacity is reduced, particularly evident under spatial lag types 
III and IV.

Furthermore, there are non-zero elements on both sides of the 
diagonal. This indicates the presence of instability in the older adult 
service supply among counties in Zhejiang Province. Although 
upward transitions to an ideal state are possible, there is also a certain 
risk of downward transitions. Additionally, non-adjacent level 
transitions are observed.

Moreover, different spatial lag types have varying impacts on the 
same level. Under spatial lag type III, the probability of transitioning 
from Level III (medium-high level) to Level IV (high level) is 41.18%, 
significantly higher than the probability of the same level transition 
under spatial lag type II, which is 21.43%. This result suggests that 
regions with higher older adult service supply capacity exhibit positive 
spillover effects on neighboring areas, demonstrating an overall 
phenomenon of club convergence.

Finally, the impacts of the same spatial lag type on different levels 
also differ. For example, under spatial lag type II, the probabilities of 
upward transitions by one level for Level I  (low level), Level II 
(medium-low level), and Level III (medium-high level) are 43.24, 
42.42, and 21.43%, respectively, showing a decreasing trend. This 
indicates that the transition probabilities are influenced not only by 

TABLE 4 Global Moran’s index of older adult services supply capacity in 
sampled counties of Zhejiang Province from 2010 to 2019.

Variables I-value E(I) SD(I) Z-value p*
2010 year 0.324*** −0.017 0.096 3.530 0.000

2011 year 0.213** −0.017 0.099 2.315 0.010

2012 year 0.116* −0.017 0.100 1.319 0.094

2013 year 0.124* −0.017 0.100 1.405 0.080

2014 year 0.147*** −0.017 0.099 1.655 0.049

2015 year 0.223*** −0.017 0.100 2.411 0.008

2016 year 0.358*** −0.017 0.099 3.771 0.000

2017 year 0.290*** −0.017 0.099 3.092 0.001

2018 year 0.252*** −0.017 0.099 2.715 0.003

2019 year 0.394*** −0.017 0.098 4.175 0.000

***, **, and * represent significance at the 1, 5, and 10% levels, respectively.

TABLE 5 Spatial Markov chain transfer probability matrix of older adult 
service supply in Zhejiang Province from 2010 to 2019.

Adjacent 
type

t/t+1 n I II III IV

I

I 107 67.29% 28.97% 2.80% 0.93%

II 43 27.91% 53.49% 18.60% 0.00%

III 5 0.00% 20.00% 60.00% 20.00%

IV 1 0.00% 0.00% 0.00% 100.00%

II

I 37 45.95% 43.24% 8.11% 2.70%

II 66 9.09% 45.45% 42.42% 3.03%

III 42 7.14% 4.76% 66.67% 21.43%

IV 10 10.00% 10.00% 20.00% 60.00%

III

I 6 50.00% 33.33% 0.00% 16.67%

II 28 0.00% 42.86% 50.00% 7.14%

III 68 0.00% 5.88% 52.94% 41.18%

IV 42 4.76% 9.52% 11.90% 73.81%

IV

I 2 0.00% 50.00% 0.00% 50.00%

II 13 7.69% 30.77% 23.08% 38.46%

III 22 0.00% 0.00% 63.64% 36.36%

IV 57 0.00% 0.00% 5.26% 94.74%

“Adjacent” refers to counties that share a common border.
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spatial lag types but also by the initial level of older adult service 
supply capacity.

4.2. Analysis of spatial differences in older 
adult service supply in Zhejiang Province 
and its underlying causes

4.2.1. Spatial differences in the supply of older 
adult services

This study measures and decomposes the regional differences in 
the supply capacity of older adult services in Zhejiang Province from 
2010 to 2019 using the Dagum Gini coefficient, with results presented 
in Table 6 and Figure 2, to examine the magnitude and sources of the 
relative differences in the supply capacity of older adult services 
among regions.

Figure 2A depicts the overall trend of the Gini coefficient for 
older adult service supply capacity in Zhejiang Province. The 
coefficient shows a fluctuating downward trajectory throughout the 
observation period. Notably, it declines from 0.2859  in 2010 to 
0.1107  in 2019, marking a substantial reduction of 61.29%. Of 
particular significance is the average Gini coefficient for older adult 
service supply capacity, which has decreased since 2015 and reached 
0.1460. This decline indicates a consistent narrowing of regional 
disparities in older adult service supply, contributing to enhanced 
fairness and balance in service delivery. These positive outcomes 
can be attributed to the comprehensive implementation of strategic 
initiatives such as “Healthy Zhejiang,” “Zhejiang’s Health and 
Wellness in Every Household,” “Urban–Rural Integration Outline,” 
and “Demonstration Zone for Common Prosperity” since the 18th 
National Congress. These initiatives have fostered coordinated 
urban–rural development, efficient allocation of older adult 
resources, and significant improvements in the accessibility and 
equity of older adult service supply in Zhejiang Province.

Figure 2B illustrates the intra-regional trends of Gini coefficients 
for older adult service supply capacity in Zhejiang Province. 
Throughout the observation period, the Northern, Southwestern, and 
Southeastern regions experienced a general fluctuating decline in Gini 
coefficients, reflecting the disparities in older adult service provision. 
Specifically, the Gini coefficients decreased from 0.3287, 0.2571, and 
0.1814 in 2010 to 0.0751, 0.0975, and 0.1358 in 2019 for the Northern, 
Southwestern, and Southeastern regions, respectively. These 
reductions amounted to substantial decreases of 77.15, 62.10, and 
25.12%. Notably, the Northern region demonstrated the most 
significant decline, while the Southeastern region exhibited a 
comparatively smaller decrease. The average Gini coefficients for the 
Northern, Southwestern, and Southeastern regions were 0.1528, 
0.1748, and 0.2126, respectively. These findings further support the 
patterns revealed by the earlier discussed kernel density estimation 
curves. In particular, in comparison to the other two regions, the 
Southeastern region of Zhejiang Province displayed lower fairness in 
older adult service supply, potentially influenced by the inclusion of 
underdeveloped areas such as Taishun County, Wencheng County, 
and remote island mountainous regions.

Figure  2C illustrates the dynamics of inter-regional Gini 
coefficients for the supply capacity of older adult services in Zhejiang 
Province. During the observation period, the Gini coefficient trends 
for older adult service supply among the Northern, Southwestern, and T
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Southeastern regions of Zhejiang Province exhibited a fluctuating 
downward pattern. After 2015, the Gini coefficient trends for older 
adult service supply between the Northern and Southeastern regions, 
as well as between the Southwestern and Southeastern regions, 
showed a similar pattern. The Gini coefficient levels for older adult 
service supply between the Northern and Southwestern regions, 
Northern and Southeastern regions, and Southwestern and 
Southeastern regions decreased from 0.3231, 0.3118, and 0.2273 in 
2010 to 0.0966, 0.1244, and 0.1199 in 2019, respectively, representing 
reductions of 70.10, 60.10, and 47.27%. These findings indicate a 
significant improvement in the uneven distribution of older adult 
service supply among the three major regions of Zhejiang Province 
during the observation period. However, in terms of mean values, 
there still exists a significant disparity in older adult service supply 
capacity between the Northern and Southeastern regions, with a Gini 
coefficient value of 0.2052, which is noticeably higher than the 
provincial average. Therefore, it is necessary to accelerate the 
equalization process of “Zhejiang Healthcare” to meet the older adult 
care needs of the aging population across the entire province.

Figure 2D presents the evolutionary trajectory of contribution 
rates to the disparity in older adult service supply capacity in Zhejiang 
Province. Throughout the observation period, the contribution rates 
to intra-regional disparity remained relatively steady, fluctuating 
between 25 and 30%. In contrast, the contribution rates to inter-
regional disparity displayed an “M” pattern before 2014, transitioning 

to a “reverse U” pattern thereafter. They peaked in 2015, 2016, and 
2017, playing a significant role in driving the overall regional disparity 
during that period. Subsequently, these contribution rates rapidly 
declined, stabilizing at approximately 30% in 2018 and 2019. 
Conversely, the contribution rates for supervariable density disparity 
exhibited an inverse relationship with the inter-regional disparity rates. 
They followed a “W + U” trajectory with 2014 as the turning point. 
While remaining high in 2012 and 2014, they experienced diminished 
fluctuations at a lower level from 2015 to 2017. Similarly, they reached 
a stable state at around 30% in 2018 and 2019. Notably, in the most 
recent years of 2018 and 2019, intra-regional disparity, inter-regional 
disparity, and the mutual overlap between regions emerged as equally 
significant factors contributing to the disparity in older adult 
service supply.

4.2.2. Causes of spatial differences in the supply 
of older adult services

This study employs panel data regression models, including the 
mixed least squares regression model, the random effects model, and 
the fixed effects model, to conduct regression analysis and robustness 
tests on the factors influencing the spatiotemporal variations in older 
adult service supply. The results are presented in Table 7. The B-P LM 
test indicates that the random effects model outperforms the mixed 
least squares regression model. The Hausman test demonstrates that 
the fixed effects model outperforms the random effects model. To 

A B

C D

FIGURE 2

Trend in regional Gini coefficient of older adult services supply capacity in Zhejiang Province. (A) Overall Gini coefficient. (B) Intra-regional Gini 
coefficient. (C) Inter-regional Gini coefficient. (D) Contribution rate.
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mitigate the influence of individual and time-specific factors, this 
study utilizes a two-way fixed effects model for analysis.

The analysis presented in the table above reveals the diverse 
impacts of heterogeneity factors on the supply of older adult services 
in Zhejiang Province. The key findings are as follows:

(1) Economic development demonstrates a significant positive 
influence on the supply capacity of older adult care services. A 1% 
increase in economic development leads to a corresponding increase 
of 0.165% in service capacity. These results underscore the pivotal role 
of local economic development in driving the supply of older adult 
care services.

(2) There is a significant positive correlation between the 
urbanization rate and the supply of older adult services, with a 
significance level of 0.01. A 1% increase in the urbanization rate 
results in a 0.192% increase in service capacity, highlighting the 
potential of reducing the urban–rural dichotomy and enhancing 
urbanization to improve the older adult service supply.

(3) Transportation capacity exhibits a significant positive 
correlation with the supply of older adult services at a significance 
level of 0.01. Each 1% increase in transportation capacity corresponds 
to a 0.295% increase in service supply, indicating that a well-developed 
transportation infrastructure and support system enhance the capacity 
to provide older adult services.

(4) The level of opening up shows a significant positive 
correlation with the supply of older adult services at a significance 
level of 0.01. A 1% increase in the level of opening up leads to a 
0.094% increase in service capacity. These findings highlight the 
role of regional openness in enhancing the supply capacity of older 
adult services. Therefore, efforts to promote a higher-level open 
economy system, optimize the regional opening pattern, and 
enhance the quality of openness can contribute to high-quality 

economic development and strengthen the government’s capacity 
to provide public services.

(5) The proportion of employees in the tertiary industry has a 
significant positive impact on the supply of older adult care services. 
A 1% increase in this proportion results in a 0.077% increase in service 
capacity, indicating that policies aimed at optimizing the industrial 
structure and cultivating talents can effectively enhance the supply 
capacity of older adult services.

Overall, these findings provide valuable insights for policy 
formulation by the government, highlighting the importance of 
economic development, urbanization, transportation capacity, 
openness, and industrial structure optimization in promoting the 
capacity and quality of the older adult service supply.

5. Conclusion and suggestions

5.1. Conclusion

This study defines the connotation of older adult care service supply 
and subsequently constructs a measurement index system for older 
adult care service supply based on four dimensions: “Social security,” 
“Older adult care service,” “Health support,” and “Emotional comfort.” 
Using Zhejiang Province as the research subject, real data from 2010 to 
2019 were collected for empirical research. The findings of this study are 
as follows:

Regarding the supply capacity of older adult care services, it 
exhibited an overall upward trend in Zhejiang Province throughout the 
observation period. Despite notable improvements in the fairness of 
spatial distribution over time, spatial differences persist. Specifically, in 
2019, the Northern, Southeastern, and Southwestern regions of Zhejiang 

TABLE 7 Regression analysis of factors influencing the supply capacity of older adult services in Zhejiang Province.

Test method Mixed least-squares model Random effects 
model

Fixed effect model

Wald chi2(5) /
482.88***

/
Prob > chi2 = 0.0000

B-P LM test (chi2)
chibar2(01) = 114.75***

/ /
Prob > chibar2 = 0.0000

Hausman test / /
chi2(5) = 220.67***

Prob>chi2 = 0.0000

Explanatory 
variable

Coef. St.Err. t-value p [95%Conf Interval] Sig

Ln(econ) 0.165 0.030 5.50 0.000 0.106 0.223 ***

Ln(urba) 0.192 0.044 4.37 0.000 0.106 0.278 ***

Ln(tran) 0.295 0.071 4.16 0.000 0.156 0.435 ***

Ln(open) 0.094 0.036 2.60 0.001 0.023 0.165 ***

Ln(empl) 0.077 0.037 2.10 0.037 0.005 0.149 **

Constant −8.808 0.523 −16.84 0.000 −9.835 −7.78 ***

Mean dependent var 0.470 SD dependent var 0.244

R-squared 0.667 Number of obs 610

F-test 218.408 Prob > F 0.000

Akaike crit. (AIC) −718.449 Bayesian crit. (BIC) −691.968

***p < 0.01, **p < 0.05, *p < 0.1.
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still displayed a discernible gradient effect in the spatial distribution of 
older adult care service supply, indicating characteristics of bipolar or 
multipolar differentiation. Supplementary analysis employing the 
Dagum Gini coefficient supports these findings, implying the untapped 
potential for further enhancing the spatial distribution of older adult care 
services within the province. Attention should be  directed toward 
underserved mountainous areas and island counties in 
Southeastern Zhejiang.

Over the observation period, the supply capacity of older adult 
care services in Zhejiang Province demonstrated a significant 
evolutionary trend from low to high levels, with the possibility of 
leapfrog evolution, albeit with a low probability value. Notably, 
geographical location exerted a substantial influence on the dynamic 
transfer of different types of older adult care service supply capacity, 
with areas exhibiting high supply capacity positively impacting 
neighboring regions, indicative of a pronounced club 
convergence phenomenon.

The aforementioned research findings support the assertions of 
other authors that China’s overall older adult service supply capacity 
has been on the rise, owing to the country’s rapid economic 
development and increased government emphasis on fundamental 
public services such as healthcare, care services, social insurance, and 
public culture and sports in recent years. Simultaneously, the spatial 
disparity in the supply of older adult care services has also diminished 
(26, 73–78). Furthermore, we conducted a thorough analysis of factors 
influencing the differences in supply capacity and spatial distribution 
of older adult care services. Our conclusion highlights the significance 
of economic development, urbanization rate, transportation capacity, 
level of openness, and the proportion of employees in the tertiary 
industry as key influencing factors. These novel findings have 
significant implications and serve as valuable references for policy 
formulation in developing countries within the Asia-Pacific region 
and beyond, aiming to enhance the supply capacity of older adult care 
services and optimize the spatial distribution of resources in 
this domain.

5.2. Suggestions

Based on the findings, this study proposes the following 
policy recommendations:

First, it is suggested that the government and relevant departments 
in Zhejiang Province effectively play the role of linking regions, 
enhancing the positive spillover effect of regions with a strong supply 
of older adult services. In the context of establishing a demonstration 
zone of common prosperity, promoting “Healthy Zhejiang,” and 
creating a “Zhejiang recreation and health” initiative, the government 
should strive to adopt a “shared prosperity, sharing, and collaboration” 
concept between the advanced and relatively less advanced regions in 
terms of older adult care services. This concept should be informed by 
modern information technologies, such as 5G, the Internet of Things, 
artificial intelligence, and meta-universe, to facilitate cooperation and 
exchange between regions in the areas of older adult medical 
equipment, older adult technology platforms, older adult service 
personnel, older adult service facilities, older adult business models, 
older adult management concepts, older adult innovation 
achievements, and older adult operational mechanisms. By optimizing 

the interactive communication and precise support mechanisms for 
older adult care services, the radiation-driven effect of regions with a 
strong supply of older adult services can be fully leveraged to improve 
the spatial allocation of older adult care resources and ensure the 
balanced development of older adult care services across 
Zhejiang Province.

Second, it is recommended to explore the new urbanization 
construction path in light of the concept of common prosperity in the 
new era and enhance the quality and level of urban and rural older 
adult service supply through high-level urbanization construction and 
high-quality economic development. By the end of 2021, the 
urbanization rate of the resident population in Zhejiang Province was 
72.7%, ranking first in the country. In the new historical era of 
“modernization for all people’s common prosperity,” Zhejiang should 
leverage the strong resource-gathering and radiative effects of its three 
leading cities—Hangzhou, Ningbo, and Wenzhou—to narrow 
economic disparities among cities within the province. To enhance the 
energy level and resilience of economic development, the government 
at all levels must optimize the innovation and entrepreneurship 
environment, promote the construction of a digital economy, and 
accelerate the digital transformation of industries. The implementation 
of the “Fourteenth Five-Year Plan” for the development of new-type 
urbanization in Zhejiang Province should be the government’s focus, 
continuously improving the relevant supporting policies in the 
new-type urbanization construction process. The government should 
prioritize “people-oriented” urbanization and further equalize urban 
and rural public services. Regarding old-age security, it is 
recommended to develop a multi-level, multi-pillar, and 
comprehensive old-age insurance system to break the institutional 
barriers that hinder the connection between urban and rural old-age 
insurance, and thus improve the old-age security support capacity of 
urban workers.

Third, it is essential to address the imbalance between the supply 
and demand of transportation infrastructure in the province and 
expedite the construction of transportation infrastructure in 
underdeveloped regions in the southwest mountainous areas and 
southeast of Zhejiang, including the Zhoushan islands. It is also 
necessary to optimize the spatial configuration of transportation 
networks and to fully leverage the role of transportation infrastructure 
in enhancing and supporting older adult services in rural and remote 
areas. This would ultimately achieve the comprehensive development 
of the entire province. On the one hand, efforts should be made to 
expand effective investment in transportation. Emphasis should 
be placed on the balanced development of urban and rural areas and 
the continued implementation of the “Internal Smooth Outreach” 
action plan. Transportation infrastructure in mountainous areas, 
islands, old revolutionary areas, and ethnic areas should be improved 
and upgraded to provide older adult services in remote regions such 
as rural areas and islands. To achieve this, a five-level, efficient, 
interconnected, and interoperable transportation network should 
be established, from the province to the city, county, township, and 
village levels. The aim is to form a virtuous cycle where the demand 
for older adult services can be  met, older adult resources can 
be  accessed, and older adult services can be  transferred, thereby 
promoting the overall development of the province. On the other 
hand, it is recommended to fully implement the “14th Five-Year Plan 
for the Development of Digital Transportation” and to vigorously 

244

https://doi.org/10.3389/fpubh.2023.1222424
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Ji and Yu 10.3389/fpubh.2023.1222424

Frontiers in Public Health 17 frontiersin.org

develop a digitalized, intelligent, and equitable public transportation 
system. The competent transportation department of Zhejiang 
Province should take into account the development realities of 
different regions and promote the construction of intelligent rail, road, 
and waterway transportation networks that are tailored to local 
conditions, taking advantage of the network effects of intelligent 
transportation. Additionally, efforts should be  made to enhance 
connections and coordination between various regions, including 
medical service consortia, digital health care consortia, community 
older adult care communities, remote medical service centers, and 
other older adult service platforms, to facilitate the smooth delivery of 
older adult care services and medical security resources in 
both directions.

Fourth, in the new period, it is suggested that Zhejiang Province 
optimize its industrial structure and expand its global reach, with a 
focus on the high-quality development of basic public services; 
strengthen the top-level design of the older adult service industry by 
introducing a comprehensive, collaborative, and efficient policy 
mechanism to promote the standardization, institutionalization, and 
quality development of foreign investment in the industry; and 
increase investment in the older adult service industry by including 
key areas such as intelligent healthcare product research and 
development, older adult care services, professional education related 
to older adult care services, and the aging and barrier-free renovation 
of public facilities in the “Encouraged Foreign Investment Industry 
Directory (2022 Edition).” This will help to set investment standards 
and stimulate foreign investment in the industry. To advance the 
institutional mechanism of older adult services, it is necessary to 
explore the integration and development mode of both foreign-
funded and local older adult care institutions. Efforts should be made 
to cultivate and incubate innovative older adult service platforms that 
incorporate distinctive features, strong branding, digitalization, and 
wisdom to enhance the quality of the older adult service supply. To 
improve the quality of older adult care services, it is imperative to 
adopt a synergistic development mechanism that combines the 
introduction of foreign-trained experts in older adult care with the 
cultivation of domestic professionals. This can be achieved through 
strategies such as contracting and hiring foreign experts to provide 
guidance and instruction on the older adult care business to various 
older adult care facilities, including nursing homes, senior 
apartments, and communities, as well as to colleges and universities 
specializing in healthcare. By integrating the expertise of international 
specialists with the skills and knowledge of domestic professionals, it 
is possible to enhance the professionalism, rationalization, and 
standardization of the older adult care workforce.

6. Limitations and future research

The evaluation index system developed in this study to assess the 
supply capacity of older adult care services is not without limitations, 
primarily due to data availability and constraints of time and space. 
Moreover, the data collection presents significant challenges, which in 
turn greatly hinders the establishment of appropriate instrumental 
variables to address the endogeneity issue concerning the “causal 
factors.” We  hope that future research endeavors can address this 
limitation and provide remedies for the aforementioned challenges. 
Moreover, the rapid advancement of the digital economy and changing 

demographic characteristics will result in further diversification and 
personalization of demand for older adult care services. Consequently, 
the indicators used in this research to measure supply capacity require 
dynamic updates to capture these evolving trends accurately. 
Furthermore, the kernel density estimation and Markov chain methods 
employed in this study have their limitations. While they can illustrate 
the evolution trend of older adult service supply, they cannot predict 
long-term trends. To address this, future research should explore the 
utilization of big data to collect comprehensive information on the 
supply capacity of older adult care services. By integrating advanced 
machine learning techniques such as deep learning and data mining, 
more efficient predictive models can be developed to anticipate the 
long-term evolution trends in the supply capacity of older adult care 
services. This will provide a foundation for formulating more 
scientifically grounded and targeted policies related to older adult care 
services, resource allocation, and other pertinent aspects.
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Background: Family old-age care is dominant in Chinese rural society, and 
children’s support is an important force in family old-age care. However, 
the migration of a large number of young and middle-aged rural laborers has 
undermined the traditional arrangements for old-age care in rural areas and 
affected the psychological health of the older adult.

Methods: 2014 China Longitudinal Aging Social Survey targets Chinese citizens 
aged 60 or older and covers 28 provinces in mainland China. In this paper, the 
database of the CLASS was selected for empirical analysis to explore the impact 
of children’s support on the depression level and loneliness of rural older adults 
through multiple linear regression, and was divided into two groups according to 
children’s migration to analyze heterogeneity.

Results: Children’s financial support facilitates the maintenance of mental health 
among rural older adults. Children’s support promotes mental health among 
rural older adults, but this association does not exist among older adults without 
children’s migration. Individual characteristics of older people have a greater 
impact on mental health.

Discussion: Our study firstly compares the differences of children’s migration 
status between children’s support and mental health among the older adult in 
rural China. In order to improve the mental health of the older adult, it is necessary 
to create a favorable atmosphere of love and respect for the older adult, improve 
the social security system in rural areas, and give full play to the strengths of the 
social forces, so as to ensure that the older adult have a sense of worthiness and 
enjoyment in their old age.
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1. Introduction

In China, the degree of aging is much higher in rural areas than 
in urban areas. According to the Seventh National Population Census 
(Nov. 26, 2021), the proportion of older adult people over 60 years of 
age was 23.81% in rural areas while only 17.72% in urban areas.1 
China has a tradition of filial piety for thousands of years, family 
old-age care has long been dominant in the urban and rural old-age 
care systems, especially in rural societies where the social old-age care 
system is not well developed (1), and children’s support plays an 
important role in family old-age care.

Dependence on family for old age is a Chinese tradition, children’s 
support plays an important role in the mental health of older people, 
but current research has come to different conclusions. One view is 
that children’s support is beneficial to the older adult in maintaining 
their mental health. Scholars have found that children’s financial 
support can increase the social participation of the older adult (2, 3), 
and that emotional interactions and caregiving can reduce the negative 
emotions of the older adult (4–7), thus enabling them to maintain 
their mental health. In addition, children’s support can increase the 
level of subjective well-being of the older adult (8), and enhance their 
spontaneity, willpower and integrity (9). Another viewpoint suggests 
that intergenerational supportive behaviors of children may have a 
negative impact on the mental health of older adults. Excessive 
support from children fails to maintain respect for older people (10), 
and violates their personal privacy (11). Daily caregiving by children 
may reduce the ability of older adults to live autonomously, ultimately 
decreasing their life satisfaction and increasing their depression (8, 
12–14). Furthermore, older persons receive financial support from 
their children, which may violate their traditional role as breadwinner 
and perceive themselves as a burden to their children, leading to an 
increased sense of powerlessness and psychological burden on older 
persons (15, 16).

Since the reform and opening up of China, a large number of 
young and middle-aged rural workers have moved to the cities to 
work and do business, and the incomplete nature of large-scale 
urban–rural migration has prevented rural family members, 
especially parents, from moving with their adult children (17), 
increasing the physical distance between generations (18). The 
separation of parents’ and children’s living space makes the traditional 
style of family eldercare no longer realistic, destroying traditional 
Chinese family structures and endowment arrangements (1), making 
the older adult more prone to depression (19), and jeopardizing their 
physical health due to lack of care (20, 21). In rural China, the 
migration of children has made the burden of agricultural labor on 
the older adult heavy, widening the gap between the financial capital 
of the older adult and that of their children, and damaging the self-
esteem of the older adult (22, 23). On the other hand, children’s 
migration also has favorable effects on parents. Migration allows 
older people to spend more time with friends and to participate 
actively in social activities (24). Adult children are able to provide 
other forms of support to their parents, for example, the economic 

1 The main data results of the Seventh National Census. National Bureau of 

Statistics of China; (2021). Available online at: http://www.stats.gov.cn/sj/pcsj/

rkpc/d7c/202303/P020230301403217959330.pdf (accessed on 11 May 2021).

and knowledge transfers of migrant children can expand household 
budgets (1), promote risk management strategies, and increase access 
to health care (25, 26). Migrating children significantly increase the 
willingness of parents left behind to participate in mutual support for 
the older adult and promote the development of new models of 
old-age care (27).

Throughout the existing literature, it can be seen that established 
studies generally recognize the role of children’s support on the mental 
health of the older adult, but related studies have not reached a 
consensus conclusion on the impact of children’s support on the 
mental health of the older adult. And the mass migration of children 
has evolved rapidly in response to social change, which has caused an 
impact on the function of family care for thousands of years in China, 
and it is especially true in rural areas, and the impact of children’s 
support on the mental health of rural older adults in this context, there 
is a paucity of relevant research, so this paper intends to use the data 
from the 2014 China Longitudinal Aging Social Survey to analyze the 
impact of children’s support on the mental health of rural older adults 
with different migration status of children.

2. Methods

2.1. Data sources

This paper uses data from the 2014 China Longitudinal Aging 
Social Survey (CLASS). The survey targets Chinese citizens aged 60 or 
older and covers 28 provinces (autonomous regions and municipalities 
directly under the central government) in mainland China. The 
questionnaires were collected through household interviews, and a 
total of 11,511 resident questionnaires were completed. The individual 
questionnaires for the older adult specifically collect information on 
the marital status, health status, retirement planning, economic status, 
family and children of the older adult aged 60 or older. This study 
mainly uses the information of older adult personal data in CLASS 
2014, firstly screening the older adult population living in rural areas, 
and then screening the data according to the level of depression in the 
older adult, loneliness, children’s support, and other important 
research content of this paper, and finally get the effective sample data 
of 4,085.

In order to study the impact of intergenerational support on the 
psychological health of rural older adults in the context of children’s 
migration, we defined migrant children as children whose residence 
are not in the same township as that of his or her older adult parents, 
and categorized older adults into two main groups based on their 
status of having or not having migrant children, namely, have not 
migrant children and have migrant children, with sample data of 1,047 
and 3,038, respectively.

2.2. Variable setting

2.2.1. Dependent variable: mental health
The dependent variable studied in this paper is the mental health 

of older adults, which consists of two main dimensions: depression 
level and loneliness. The CES-D (Center for Epidemiological Survey-
Depression Scale) is a common tool widely used around the world to 
screen for depressive symptoms in the general population, and has 
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good reliability and validity (28, 29). Nine questions from the CES-D 
were included in the CLASS questionnaire, by which depression 
levels were measured, the responses were assigned a value, and the 
scores of each question were summed up, with higher scores 
representing a more severe tendency to depression in older adults. 
Russell developed the third edition of the UCLA(University of 
California at Los Angels) Loneliness Scale (UCLA-3) in 1996, and it 
was found that the UCLA-3 had good internal consistency, test-retest 
reliability and discriminant validity (30, 31). The CLASS 
questionnaire includes three UCLA-3 sub-questions, which were 
used to measure loneliness in this study, scored in the same way as 
the depression scale, and the scores for each question were summed, 
with higher scores representing higher levels of loneliness in older 
adults. According to the test, the Cronbach’s alpha of the depression 
scale and loneliness scale were 0.917 and 0.918, respectively, with 
good reliability (Table 1).

2.2.2. Independent variables: children’s support
Children’s support is usually analyzed from the perspective of 

social support, which can be divided into economic support, labor 
force support and emotional support, economic support is the 
monetary support given to the older adult by their children, labor 
force support is the life care of the older adult by their children, and 
emotional support is the emotional comfort of the older adult by 
their children (32). Therefore, this paper categorizes children’s 
support into three dimensions: financial support, life support, and 
emotional support.

In the CLASS database, ask for information on up to five children 
of older persons. The older adult received intergenerational support 
from multiple children, but the questionnaire does not cover the 
depressive level and loneliness of the older adult when receiving 
support from a specific child. These two variables represent the overall 
psychological well-being of the older adult, and this paper examines 
older adults’ holistic perceptions of intergenerational support from 
their children. If samples are paired with the older adult and a specific 
child, it would result in different children’s support all pointing to the 
same mental health status of older adults, which is inconsistent with 
existing research findings and departing from the integrity of older 
people’s cognition, so in this paper, children’s support is summed to 
measure the intensity of support for the older adult.

Financial support was examined and valued using the 
questionnaire question “In the past 12 months, has a child given you 
any money, food, or gifts, and what was the total value of these items?”, 
life support was measured and valued by the question “How often in 
the past 12 months has a child been able to help you with household 
chores?”, and the emotional support was measured and valued by the 
question “Do you feel that this child does not care enough about you?”. 
The questionnaire asked up to five children about their support for the 
older adult, and the support of each child was summed to get the 

scores for the intensity of the children’s financial support, life support, 
and emotional support, respectively.

2.2.3. Control variables
Based on research needs, the control variables in this paper cover 

the main socio-demographic characteristics variables of the older 
adult, including age, gender, and marital status, the socio-economic 
status variables, including education level, and income-generating 
jobs, and the health status of the older adult, including self-assessed 
health status, chronic diseases, and the basic activity of daily living 
(BADL). The following table shows the scores of all variables 
(Table 2).

2.3. Research methods

The study selected the cross-sectional data of CLASS database in 
2014, and through the variance inflation factor test, the VIF values are 
all less than 5, which means that there is no serious multicollinearity 
relationship among the variables, and the regression analysis can 
be performed by multiple linear regression model. In this study, the 
empirical analysis was conducted through a linear regression model 
with multiple independent variables, with depression level and 
loneliness in old age as dependent variables, and children’s financial, 
life, and emotional support as independent variables. In the regression 
analysis, the multiple linear regression model was used to analyze the 
linear correlation between the dependent and independent variables, 
and the model is as follows:

 0 1 1 2 2 n nY X X X= β + β + β +…+ β + ε

In the above equation, Y is the dependent variable, X1, X2......Xn 
are the independent variables, ε is the random error term, β0 is the 
regression intercept, β1, β2......βn are the regression coefficients.

This study first analyzes the differences in mental health between 
the full sample and the sub-sample of rural older adults with and 
without children’s migration in terms of depression level and 
loneliness using descriptive statistics to preliminarily determine the 
impact of child relocation on the mental health status of rural older 
adults. Then through the full sample multiple linear regression 
analysis of the mental health of rural older adult to explore the impact 
of children’s support on the psychological status of rural older adult, 
and finally through the sub-sample multiple linear regression analysis 
to further explore whether there is a difference in the impact of 
children’s support on the mental health status of rural older adult with 
or without children’s migration. This paper uses Stata16.0 software for 
regression analysis.

3. Results

3.1. Descriptive statistics

In terms of depression level and loneliness, the scores of the older 
adult without children’s migration are higher than those of the older 
adult with children’s migration. In terms of children’s support, the 
children’s financial support of the older persons without children’s 

TABLE 1 Cronbach’s alpha of the depression scale and the loneliness 
scale.

Cronbach’s alpha

Depression scale 0.917

Loneliness scale 0.918
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migration is lower than that of the older persons with children’s 
migration, but children’s life support and emotional support of the 
older persons without children’s migration are higher than that of the 
older persons with children’s migration. In terms of personal 
characteristics, the marital status of the older adult with children’s 
migration is better than that of the older adult without children’s 
migration. In terms of socio-economic status, the average education 
level of older persons without children’s migration is lower, but more 
older persons without children’s migration still earn income through 
work. In terms of self-assessed health and chronic disease status, older 
persons with children’s migration are in poorer health, but have higher 
scores on BADL and are better able to take care of themselves (see 
Table 3).

3.2. Regression analysis

Specifically, from the regression results of the full sample of rural 
older adult, children’s financial support has a significant negative effect 

TABLE 2 Variable definitions and scores.

Variable settings Score description

Dependent variable

Depression level
Never = 0; sometimes = 1; often = 2 

(continuous variable, 0–18)

Loneliness
Never = 0; sometimes = 1; often = 2 

(continuous variable, 0–6)

Independent variables

Children’s support

Economic support

Not given = 0; 1–199 yuan = 1; 200–499 

yuan = 2; 500–999 yuan = 3; 1,000–1999 

yuan = 4; 2,000–3,999 yuan = 5; 4,000–

6,999 yuan = 6; 7,000–11,999 yuan = 7; 

12,000 yuan and above = 8 (continuous 

variable, 0–40)

Life support

Almost nothing = 0; several times a 

year = 1; at least once a month = 2; at least 

once a week = 3; almost every 

day = 4(continuous variable, 0–20)

Emotional support

Often = 0; Sometimes = 1; 

Occasionally = 2; Never = 3(continuous 

variable, 0–15)

Control variables

Sociodemographic characteristics

Gender Female = 0; male = 1

Age continuous variable, 57–98 years

Marital status
widowed/divorced/unmarried = 0; 

Married with spouse = 1

Socioeconomic status

Educational attainment
primary school and below = 0; Junior 

high school and above = 1

Employment None = 0; Yes = 1

Health status of the older adult

Self-rated health Unhealthy = 0; General =1; Health = 2

Chronic disease None = 0; Yes = 1

BADL

Cannot move at all = 0; needs some 

help = 1; does not need help from 

others = 2 (continuous variable, 0–22)

TABLE 3 Descriptive statistics of variables.

Variable Collectivity Have 
children 
migrated 

(N  =  3,038)

Haven’t 
children 
migrated 

(N  =  1,047)

Dependent variables

Depression level 

(mean)
9.80 (0.094) 9.69 (0.108) 10.13 (0.190)

Loneliness(mean) 2.15 (0.031) 2.11 (0.062) 2.25 (0.036)

Independent variables

Children’s support

Economic support 

(mean)
12.08 (0.077) 12.29 (0.090) 11.44 (0.144)

Life support (mean) 6.16 (0.055) 5.69 (0.058) 7.50 (0.120)

Emotional support 

(mean)
6.96 (0.045) 6.92 (0.052) 7.09 (0.090)

Control variables

Sociodemographic characteristics

Gender(%)

0 = female 51.41% 50.69% 53.49%

1 = male 48.59% 49.31% 46.51%

Age(mean) 70.39 (0.125) 70.23 (0.143) 70.85 (0.257)

Marital status(%)

0 = widowed/divorced/

unmarried
37.31% 35.52% 42.5%

1 = Married with spouse 62.69% 64.48% 57.5%

Socioeconomic status

Level of education(%)

0 = primary school and 

below
86.71% 86.41% 87.58%

1 = Junior high school 

and above
13.29% 13.59% 12.42%

Employment(%)

0 = none 67.05% 66.06% 69.91%

1 = yes 32.95% 33.94% 30.09%

Health status of the older adult

Self-rated health(%)

0 = Unhealthy 37.89% 38.45% 36.29%

1 = Average 25.04% 24.82% 25.69%

2 = Healthy 37.06% 36.73% 38.01%

Chronic disease(%)

0 = none 21.27% 20.38% 23.88%

1 = yes 78.73% 79.62% 76.12%

BADL (mean) 11.16 (0.216) 11.18 (0.238) 11.11 (0.486)
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on the level of depression and loneliness of the older adult population 
(p < 0.01), with a greater effect on the level of depression. For every 
unit increase in children’s financial support, the level of depression and 
loneliness of the older adult population decreases by 0.106 units and 
0.038 units respectively, namely, the higher the number of children’s 
financial support received by the older adult, the better the mental 
health of the older adult. In terms of children’s life support, children’s 
life support has a significant negative effect on loneliness in the older 
adult population (p < 0.05). For every unit increase in children’s life 
support, the loneliness of the older adult population were reduced by 
0.017 units, namely, the higher the intensity of children’s life support 
received by the older adult, the more the loneliness of the older adult 
was weakened. And children’s emotional support had a negative effect 
on both depression levels and loneliness in older adults, but it is not 
statistically significant. In terms of control variables, male rural older 
adults have better mental health, rural older adults with higher 
education levels have better mental health, older adults with better 
self-assessed health and no chronic diseases have better mental health, 
and basic activity ability has a non-significant effect on the mental 
health of older adults (see Table 4).

3.3. Sub-sample regression analysis of 
children’s migration

As the level of social support and medical insurance for older 
people in rural China is relatively poor compared with that in urban 
areas, children are often the main providers of support for their old 
age, and large-scale urban–rural migration has resulted in an increase 
in the separation of adult children from their older adult parents, 
which may disrupt this old-age care arrangement and affect the 
psychological well-being of older people in rural areas. Therefore, this 
paper constructs a grouped comparative linear regression model of 
the impact of children’s support on the mental health status of the 
older adult population, to study in depth the factors related to the 
mental health status of the older adult population with 
migrant children.

Regarding the effect of children’s support on the mental health of 
rural older adults, the regression results showed that for older adults 
with children who migrated, financial support had a significant 
negative effect on the depression level of older adults (p < 0.01), while 
for older adults without migrated children, financial support did not 
have a significant effect on the depression level of rural older adults, 
and the effect on loneliness was also no more significant than for older 
adults with migrated children. Life support has a significant negative 
effect on loneliness only for the rural older adult with children 
migrated (p  < 0.01). Emotional support from children has no 
significant effect on the depression level and loneliness of the older 
adult with or without children’s migration, which is consistent with 
the regression results of the full sample (see Table 5).

4. Discussion

According to the results of the above empirical analysis, the higher 
the level of financial support provided by children, the more favorable 
it is for the older adult to maintain their mental health. Because rural 
China has long been characterized by a family care model for old age, 

with low levels of social security and support, the financial support of 
children has a greater impact on the quality of life of the older adult. 
In addition, the rural older adult have a stronger sense of raising 
children to provide against old age and increased emphasis on 
children giving back to their families, thus the more financial support 
they receive from their children, the more the older people’s sense of 
self-esteem and fulfillment is fulfilled, which reduces their negative 
emotions and makes it easier for them to keep their moods happy, the 
result that is in line with the previous study (33). The effect of children’s 
financial support on mental health was not as significant in the older 
adult without children’s migration as in the older adult with children’s 
migration, which may be since rural older adult without children’s 
migration receive lower levels of material support from their children, 
resulting in a weaker contribution of financial support to the health of 
the older adult.

The higher the level of life support from children, the higher the 
level of mental health of older persons. Older adult people’s physical 

TABLE 4 Full-sample multiple linear regression results of children’s 
support on the psychological welfare of rural older adult (N  =  4,085).

Variable Depression level Loneliness

Economic support −0.106*** (0.017) −0.038*** (0.006)

Life support −0.025 (0.024) −0.017** (0.008)

Emotional support 0.047 (0.029) 0.014 (0.010)

Gender

Female Reference

Male −2.367*** (0.179) −0.679*** (0.061)

Age 0.122*** (0.012) 0.037*** (0.004)

Marital status

Widowed/divorced/

unmarried

Reference

Married with spouse −0.990*** (0.198) −0.601*** (0.067)

Level of education

Primary school and 

below

Reference

Junior high school and 

above

−2.104*** (0.256) −0.602*** (0.087)

Employment

None Reference

Yes −0.101 (0.196) 0.044 (0.066)

Self-rated health

Unhealthy Reference

Average −1.614*** (0.218) −0.427*** (0.074)

Healthy −2.632*** (0.207) −0.610*** (0.070)

Chronic disease

None Reference

Yes 0.709*** (0.215) 0.188** (0.073)

BADL 0.021 (0.060) 0.005 (0.020)

Constant 4.969*** (1.220) 0.933** (0.414)

R2 0.222 0.193

*p < 0.1, **p < 0.05, ***p < 0.01.
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fitness and self-care ability gradually decline due to physiological 
reasons, and they urgently need the help of their children, and their 
children’s care is more capable of satisfying their life needs 
compared to outsiders, thus the higher the level of psychological 
health of the older adult, and previous studies have also arrived at 
similar results (34). But in analyzing the heterogeneity of older 
adults according to the presence or absence of child migration, it 
was found that receiving life support from children effectively 
reduced the loneliness of older adults with migrated children, while 
it did not have a significant effect on the mental health of older 
adults without children’s migration. On the one hand, it may 
be because the level of children’s life support is higher for the older 
people without children’s migration, and children’s life care for the 
older people to some extent reduces the strength of the financial 
support provided by the children, which makes its effect on the 
mental health of the older people not obvious. On the other hand, 

in terms of emotional reasons, it may be because older people with 
children’s migration receive life support from their children, which 
means that the children may return home to visit their parents, and 
the meeting with their children makes the rural older people feel 
happy, and thus the life care has a more significant impact on the 
mental health of the older people.

The effect of children’s emotional support on the mental health of 
the older adult is not significant. This may be since older people living 
in rural areas have a restricted social circle and have a stronger need 
for emotional support from their children, but the “sense of loss” 
caused by the discrepancy between subjective needs and objective 
support may substantially reduce the role of emotional support in 
lowering the level of depression and diminishing the sense 
of loneliness.

Based on the results of the above analysis, it can also be seen 
that older people’s own characteristics have a greater impact on 

TABLE 5 Grouped multiple linear regression results of children’s support on the psychological welfare of rural older adult.

Variable Have children migrated (N  =  3,038) Haven’t children migrated (N  =  1,047)

Depression level Loneliness Depression level Loneliness

Economic support −0.117*** (0.020) −0.042*** (0.007) −0.069* (0.037) −0.026** (0.012)

Life support −0.049 (0.030) −0.032*** (0.010) −0.002 (0.044) 0.007 (0.015)

Emotional support 0.051 (0.033) 0.016 (0.011) 0.032 (0.058) 0.007 (0.019)

Gender

Female Reference

Male −2.419*** (0.206) −0.670*** (0.070) −2.210*** (0.360) −0.695*** (0.120)

Age 0.126*** (0.014) 0.035*** (0.005) 0.112*** (0.024) 0.039*** (0.008)

Marital status

Widowed/divorced/

unmarried

Reference

Married with spouse −0.942*** (0.229) −0.645*** (0.078) −1.030*** (0.395) −0.448*** (0.131)

Level of education

Primary school and below Reference

Junior high school and 

above

−1.766*** (0.292) −0.491*** (0.100) −3.221*** (0.534) −0.989*** (0.178)

Employment

None Reference

Yes 0.122 (0.225) 0.119 (0.077) −0.749* (0.404) −0.180 (0.134)

Self-rated health

Unhealthy Reference

Average −1.540*** (0.251) −0.412*** (0.086) −1.876*** (0.438) −0.489*** (0.145)

Healthy −2.748*** (0.238) −0.659*** (0.081) −2.307*** (0.422) −0.472*** (0.140)

Chronic disease

None Reference

Yes 0.600** (0.251) 0.124 (0.085) 1.016** (0.424) 0.340** (0.141)

BADL 0.048 (0.073) 0.007 (0.025) −0.026 (0.107) 0.001 (0.036)

Constant 4.612*** (1.441) 1.136** (0.491) 5.901** (2.312) 0.487 (0.768)

R2 0.221 0.192 0.233 0.212

*p < 0.1, **p < 0.05, ***p < 0.01.
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their levels of depression and loneliness than the impact of 
children’s support on their mental health, and that individual 
characteristics explain most of the variation in older people’s 
negative emotions.

The strength of this study lies in the large size of China’s rural 
population and the representativeness of research on the mental 
health of older adults. The limitations of this study mainly lie in the 
following: firstly, this paper only uses the simple method of multiple 
regression analysis to analyze the correlation between children’s 
support and mental health of rural older adult, and future research 
will try to use other methods to do a more comprehensive analysis. 
Secondly, although control variables were added where possible, there 
may still be omitted variables, and future research should test for 
potential confounders or mediators.

5. Conclusion

Based on data from the 2014 CLASS, this study used multiple 
linear regression to investigate the impact of intergenerational 
support from children on the mental health of older adults in rural 
China and analyzed the heterogeneity for older adults with different 
children’s migration status, and the following findings were derived 
from the empirical analysis: (1) The higher the level of financial 
support provided by children, the more favorable it is for rural older 
adults to maintain their mental health, which is more pronounced 
among the older adults with children’s migration. (2) The higher the 
level of children’s life support, the higher the mental health of rural 
older adult, but there is no significant effect of children’s life support 
on the mental health of the older adult without children’s migration. 
(3) Individual characteristics of older people have a greater impact 
on their mental health, the mental health of the rural older adult is 
higher among those who are male, have good marital status, high 
education level and better physical health.

According to the results of the above research, this paper draws 
the following results: Firstly, to better play the role of rural family 
care, rural grass-roots governments should actively publicize the 
culture of filial piety, forming a good atmosphere of love and respect 
for the older adult, and encouraging their children to provide 
support to meet the needs of the older adult. Secondly, the rural 
social security system should be improved, the level of rural old-age 
insurance should be raised appropriately, the level of medical 
services in rural areas should be raised, and village collectives 
should be used as the basis for introducing modes of onsite service 
and collective old-age care to satisfy the personalized needs for 
older adult care of the rural older adult, and to promote the 
sustainable development of both collective and family old-age care. 
Thirdly, social forces should actively utilize their advantages in 
resource allocation and combination to provide the rural older 
adult with cultural and recreational activities, legal counseling, 
mental health counseling, and other forms of services tailored to 
different needs, to ensure that the older adult have a sense of 
worthiness and enjoyment, and to continually improve the level of 
mental health of the older adult in rural areas.
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Digital health care service reform 
and health inequity for older 
people: a quasi-natural 
experiment in China
Xinzhu Qi , Tieying Feng * and Renyi Deng 

School of Public Policy and Administration, Xi'an Jiaotong University, Xi'an, China

Objective: Addressing health inequity (HI) for older people is a pivotal global public 
health concern, as it impedes the process of healthy ageing. The digital health 
care service reform (DHSR) emerges as a progressive public health approach to 
enhance the health and well-being of older adults by providing comprehensive and 
equitable medical services. This study elucidates the association between DHSR 
and HI for older individuals to augment comprehension of DHSR implementation.

Methods: The initiation of the action plan for smart health and eldercare (SHE) in 
2017 serves as a quasi-natural experiment. Utilizing data from the China Health 
and Retirement Longitudinal Study (CHARLS) in 2015 and 2018, a propensity 
score matching (PSM) method was used to select samples, and a difference-
in-differences (DID) regression was used to ascertain the net effect of DHSR on 
HI for older individuals in China. This methodology mitigates selection bias and 
segregates the DHSR effect from temporal shifts or other occurrences.

Results: The PSM-DID analysis reveals that DHSR reduced the HI index for older 
individuals by 0.301 (p < 0.01). Heterogeneity analyses indicate that the effect 
of DHSR was more pronounced in older males (−0.333, p < 0.01) than females 
(−0.251, p < 0.05). The impact of DHSR was notably higher for older population in 
the western (−0.557, p < 0.01) and central regions (−0.318, p < 0.05) compared to 
the eastern region, where the relationship was statistically non-significant.

Conclusion: The results demonstrate that DHSR plays a vital role in diminishing 
HI, fostering inclusive growth in public health. The study underscores the 
imperative of sustained DHSR endeavours and allocating resources to key older 
demographics to substantially mitigate HI.

KEYWORDS

digital health care, health reform, health inequity, older people, quasi-natural 
experiment

1. Introduction

The pervasive health inequity (HI) observed among older people undermines the potential 
for healthy ageing (1), a fundamental aspect of achieving superior quality of life and a significant 
marker of national progress (2). Consequently, addressing HI has become a paramount objective 
within global health policies (3). Notwithstanding the global enhancements in medical and 
health services that have elevated the health conditions of older adults, marked HI persists 
between rural and urban senior residents across various socioeconomic strata (4), predominantly 
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in low- to middle-income countries (LMICs). In LMICs like China, a 
pronounced income-driven bias exists favouring the affluent older 
community in terms of self-rated health, cognitive functions, and 
activities of daily living (ADL) (5). In response to these escalating 
health disparities, there has been a sustained international 
commitment to harness contemporary solutions, such as ‘digital 
health care services’ to reform health systems and mitigate HI among 
older individuals.

Digital health care services (DHS) are new public health practices 
in the digital age that utilize advanced information and communication 
technologies to enhance the ability of health providers to give remote 
and timely patient monitoring, interaction, and management (6). DHS 
has been reported to have both positive and negative impacts on older 
patients’ HI in existing papers. Online medical services can notably 
rectify HI for older people through the equitable and prompt 
distribution of health-promotion resources (7). However, the uneven 
distribution of eHealth infrastructure between urban and rural areas 
substantially influences the utilization of health care services among 
older adults in varied regions (8). Furthermore, given the requisite 
electronic proficiency to navigate these platforms, a considerable 
segment of the older population with limited digital familiarity remains 
susceptible (9), which exacerbates HI. Do DHSs alleviate HI among 
older adults? What are the heterogeneous characteristics of the impact 
on different older groups? These issues deserve further exploration.

2. Background

2.1. Chinese efforts

In China, a consistent pro-rich HI pattern is evident among older 
people, indicating that those with deteriorating health predominantly 
belong to lower socioeconomic status. Analysing the China Health and 
Retirement Longitudinal Study (CHARLS) data, Liu and Li (10) 
reported that the inequity in activity daily living (ADL) exceeded mental 
inequity between 2011 and 2015 in the older community. The former 
was aggravating and the later was alleviating in the five years. Based on 
a survey conducted in rural areas by the Ministry of Agriculture of 
China, Tan et al. (11) derived the health concentration index (CI) for 
older people in eastern, central, and western rural China, with values of 
0.0178, 0.0194 and 0.0143, respectively. These findings underscore the 
urgency to address HI among older people, as it is pivotal to enhance 
their feelings of accomplishment, contentment, and security.

Recently, digital health intervention is playing an increasingly 
important role in the practice of reducing HI in China. As the most 
populous and fastest-growing LMIC, China has attempted to reduce HI 
for older people by leveraging advancements in information and 
communication technologies (ICT) and implementing strategies such 
as “Healthy China” and “Active Ageing” in the digital era (12). 
Specifically, the State Council developed guidelines to actively promote 
the “Internet +” initiative in 2015. Also, an action plan for the smart 
health and eldercare (SHE) industry has been in motion since 2017 and 
has two planned phases: 2017–2020 and 2021–2025. Issued by the 
central government, this plan stipulates guidelines for delivering the 
most effective DHS of older people management to ensure efficiency. 
The strategic blueprint of this initiative encompasses four primary 
components: (a) Ensuring universal accessibility to telemedicine and 
electronic health management services, (b) Fostering research into 

pivotal digital technologies, including real-time health condition 
monitoring and big-data-driven health trend analysis, (c) Promoting 
the development of critical digital products such as micro intelligent 
sensors, health management wearables, autonomous health detectors, 
and residential service robots, (d) Instituting financial subsidies to 
facilitate the adoption of these innovations. Subsequently, the first batch 
of SHE application pilot demonstrations were launched, engaging 53 
emerging enterprises, incorporating 82 designated streets (or 
townships), and establishing 19 demonstration hubs across 25 provinces.

Notwithstanding these clear goals and recent achievements of 
specific pilot, the overall success of the various programs is still 
unclear given the dearth of policy analysis or evaluation of these 
programs. Consequently, China is a relevant context that warrants 
further investigation.

2.2. Health inequity for older people

HI is the unfair or unethical resource distribution that results in 
unequal health outcomes between groups (3, 13). HI for older people 
exhibits a profound correlation with sociodemographic attributes, 
encompassing gender, educational levels, income, and residential area 
(4, 14, 15). Behavioral determinants, including tobacco consumption 
and alcohol intake, also influence HI (16). Additionally, medical 
factors, such as health expenditure, distance from hospitals and 
medical reform policies, further increase HI (17).

Attributable to HI, economic deprivation among older people 
exhibiting unfavourable health outcomes is anticipated to intensify 
(18). Case and Deaton (19) suggested that older individuals lacking 
access to medical resources tend to exhibit negative emotions and 
engage in medically unsound behaviors. Such patterns indirectly 
perpetuate the cycle between deteriorated health and poverty. A 
prevailing consensus in both theoretical and practical realms 
underscores the necessity of sustained societal initiatives to alleviate 
HI for older people. Tulchinsky et al. (20) emphasized the potential of 
fortifying community–public health–hospital collaborations to ensure 
more equitable health care access for all. Joseph et al. (21) argued 
funding algorithms that incorporate measures of health equity.

Recent studies typically employ Bivariate Rank Dependent 
Indices, such as the concentration index (CI) and the Erreygers index, 
to gauge HI (22, 23). Nevertheless, differences within classes are 
ignored in methods above due to the strong subjectivity of stratified 
social class groups. Consequently, modern research has shifted 
towards using the individual as the primary unit of analysis. Pan and 
Yang (2) adapted the Recentred Influence Function—Index—
Ordinary Least Square Regression Model (RIF-I-OLS), originally 
proposed by Heckley et al. (24), to dissect the origins of socioeconomic 
inequality in health. Within the framework developed by Pan and 
Yang (2), the CI of the health score can be converted to the recentered 
influence function of the concentration index (RIF-CI) of the same 
score, facilitating variable coefficient estimations using OLS.

2.3. Digital health and health inequity for 
older people

There is a strong movement promoting digital technologies (e.g., 
computers, phones, wearables) as a means of strengthening health 
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systems and decreasing HI for older people in the digital age (25, 26). 
Digital health, defined here as the use of technology solutions to 
deliver health interventions, helps to engender equitable and rapid 
health promotion resource sharing to reduce HI (7). Health 
information such as public knowledge of symptoms of common 
diseases and professional health support from large hospitals are 
prone to be  transmitted to underdeveloped areas through digital 
health interventions (27). In August 2004, the first telemedicine 
system based in a county-level hospital was launched in Jingchuan 
county, Gansu province. Older patients in Jingchuan county who 
cannot get to the doctor in time will get tele-diagnosis, teleconsultation 
and telecare services from Lanzhou No.1 hospital, the China –Japan 
Friendship hospital in Beijing and Osaka hospital in Japan (28).

However, there is persistent inequitable access to DHSs due to the 
“digital divide” (29). For example, the COVID-19 response illustrates 
that inequities can deepen when a population with high health literacy 
can “shelter in place” with telehealth, while other groups have limited 
access to resources that afford similar choices (30). Similarly, older 
individuals in remote areas are prone to inequitable access to digital 
ICTs due to their limited technical skills, low income, insecure 
housing, and insufficient health literacy (29), which ultimately 
exacerbates HI (31). Hence, the way to avoid negative effect by the 
digital divide is to continuously improve ability to use digital devices 
among older people (32).

2.4. Current study

Recent studies have addressed the dual impacts of DHSs on the 
health and HI among older people; yet, there remains a paucity of 
empirical research specifically targeting HI among older adults. 
Notably, a majority of HI investigations emphasize inter-group 
disparities rather than intra-group variations. Furthermore, extant 
health analyses often present a narrow purview, neglecting a 
comprehensive assessment encompassing physical, psychological, and 
social participation in public health care. The generalizability of these 
studies is also questionable.

This study integrates digital health care service reform (DHSR) 
and HI concerning older individuals within a unified framework, 
utilizing a quasi-natural experimental design and the CHARLS dataset 
for empirical examination. We  hypothesized that DHSR would 
diminish HI for older individuals, and investigated this assumption in 
the study population. Primarily, DHSR enhances HI for older people 
by facilitating equitable and swift dissemination of health promotion 
resources. Using health knowledge dissemination as an illustrative 
case, the advent of portable devices (e.g., mobile phones) enables less 
healthy older individuals to quickly access information related to 
symptoms and preventive measures for prevalent diseases, potentially 
reducing both disease occurrence and treatment durations. 
Furthermore, augmenting the capabilities of subordinate medical 
establishments can mitigate potential adverse impacts of the digital 
divide on the HI for older people, to some degree. Through modalities 
such as teleconsultation, telediagnosis, and telemonitoring, less-
established hospitals in underserved regions can leverage resources 
from larger institutions, promoting their growth. Consequently, older 
individuals with lower socioeconomic backgrounds, who may 
be digitally marginalized, are increasingly likely to access specialized 
medical services.

Adhering to the WHO’s health definition, we  utilized the 
weighted ratio of the Quality of Well Being Scale (QWB) for physical 
and mental health and employed RIF-I-OLS to evaluate the present 
state of individual HI. By treating the action plan for the SHE 
industry as a quasi-natural experiment, a difference-in-differences 
(DID) regression is conducted to elucidate the relationship between 
DHSR and HI for older people. As noted, the initial phase of the 
action plan for the SHE industry, enacted in 2017, was a national 
policy, having a significant impact on DHS. This policy facilitated 
comprehensive access to telemedicine, advocated for research into 
pivotal digital technologies and products tailored for care of older 
people, and allocated financial subsidies to support their adoption. 
Consequently, the SHE action plan provides an avenue to ascertain 
the effects under investigation.

This study offers several significant contributions: (1) It pioneers 
the evaluation of the execution of China’s SHE industry through the 
lens of HI. The central aim of this policy initiative is to harness digital 
technology in enhancing the health and well-being of older population 
via the provision of comprehensive and balanced medical services. 
Consequently, an enhancement in HI for older people serves as a 
critical metric for assessing the efficacy of digital health policies. The 
empirical findings presented herein not only provide insights for the 
refinement of DHSR and public health infrastructure in China but 
also have implications for advancing health equity and social justice 
in similar nations. (2) The study delves into the diverse characteristics 
of DHSR’s health outcomes across various dimensions such as gender 
and regional disparities, adding depth to the existing body of digital 
health research. (3) A holistic approach is adopted, encompassing 
physical function (PF), mental health (MH), and social participation 
(SP) metrics. The RIF-I-OLS method is employed to compute the 
individual HI index, offering a methodological benchmark for 
analogous research endeavors.

3. Materials and methods

3.1. Data source and study population

Data utilized in this study were sourced from the China Health 
and Retirement Longitudinal Study (CHARLS), an ongoing national 
social survey project spearheaded by Peking University. CHARLS 
seeks to furnish comprehensive and high-quality data concerning the 
aging process, quality of life, and health statuses of individuals aged 
45 and above, catering to the research needs concerning older adults. 
The inaugural survey commenced in 2011, encompassing 17,708 
participants. Selection of participants was accomplished through a 
multistage, stratified sampling approach. Subsequent follow-ups were 
executed through face-to-face, computer-assisted personal interviews 
(CAPI), achieving a response rate exceeding 85% (33).

Given the initiation of SHE application pilot demonstrations in 
2017, this study utilizes the two latest waves of data from CHARLS, 
collected in 2015 and 2018. With the age threshold set at 60 years for 
the older cohort, individuals below this age were omitted. Older 
individuals residing in cities where DHSR was introduced in 2018 are 
categorized as the treated group, while those in cities without DHSR 
implementation serve as the control group. Missing values for essential 
variables were imputed using the mean method. Following propensity 
score matching (PSM), a two-stage panel data set was compiled, 
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comprising 3,027 viable participants: 250 in the treated group and 
2,777 in the control group.

3.2. Variables

3.2.1. Health inequity
The main dependent variable was HI index for older individuals. 

This HI index is formulated using three variables: PH, MH, and SP 
scores. The implementation of DHSR influences the outcomes of PH, 
MH, and SP among older people. Regarding PH, health management 
applications allow older individuals to access personal health records, 
receive medication reminders, and obtain preliminary guidelines to 
enhance mobility (34), facilitating the prevention and early detection 
of physiological diseases. In terms of MH, online platforms alleviate 
negative emotions and enhance MH among older people by offering 
educational games and health-related short videos (35). Robots for 
companionship, such as the seal-type robot, Paro, induces positive 
emotional responses in older adults through tactile interactions (27). 
Concerning SP, the integration of telemedicine into traditional home 
health services enables older individuals to prolong their community 
residency and sustain social interactions (36, 37).

The steps of HI calculation are as follows. The study assessed levels 
of PF, MH, and SP in older people based on WHO-defined health 
concepts. The assessment of PF entailed a 9-item questionnaire, 
querying participants about their capability to independently execute 
physical tasks such as running, rising from a seat, extending arms, and 
more. Response codes ranged from 1 (indicating no difficulty in tasks) 
to 4 (indicating difficulty in all tasks). An aggregate of the 9 responses 
determined each participant’s PF score, with higher scores indicating 
diminished PF levels. MH assessment utilized 10 questions derived 
from the Centre for Epidemiological Studies Depression Scale 
(CES-D), focusing on participants’ emotional state and behavior over 
the past week. These questions, incorporated by CHARLS, have 
demonstrated efficacy (38). Summation of the 10 responses yielded 
the MH score, where a higher score denotes a lower MH level. 
Regarding SP, participants addressed 11 items detailing their 
engagement in various activities during the preceding month. Coded 
activities included 1 (socializing with friends), 2 (playing Mah-jong or 
other traditional Chinese games, or frequenting community clubs), 3 
(participating in sports or other club activities), and so forth. The 
cumulative score indicates the diversity of activities in which older 
adults engaged, with higher scores reflecting enhanced SP levels. To 
speak of, the indicators we selected were based on dimensions from 
existing literature (2, 38, 39), which means they are robust. Besides, 
during the data screening process, we aimed to choose questions that 
were used to inquire about factual phenomena, avoiding direct 
subjective health assessments from the respondents. These answers 
were relatively objective, reducing the subjectivity inherent in self-
reported health surveys. Additionally, the indicators above were 
comprehensive and easy to obtain.

Subsequent to the initial assessment, a comprehensive, 
tri-dimensional health score was derived for older participants by 
assigning weights to the three factors according to the QWB’s 
weighting ratio for physical and mental health. Following this, CI was 
employed to quantify HI for older people based on health and 
income levels.

The calculation formula is as follows.
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Here, Ri  represents the ranking of income levels throughout the 
sample. Finally, referring to RIF-I-OLS proposed by Heckley et al. 
(24), we  generated RIF-CI, depending on each health score 
corresponding to income rank. The correlation between CI (group 
level) and the dependent variable (individual level) was established to 
estimate the marginal effects of various factors on HI (2). RIF-CI 
represents the HI faced by older individuals, as the mean of the RIF-CI 
of all individuals in the sample is equal to the CI of the sample.

3.2.2. Digital health service reform
The principal independent variable of interest in this study is 

DHSR. The initiation of the SHE industry action plan in early 2017 
served as the treatment event with discernible policy impact. In light 
of the inaugural batch of SHE application pilot demonstrations 
released at the end of 2017, two dummy variables—policy and time—
were established following the DID analysis approach. Participants 
residing in cities with demonstration streets or bases received a code 
of 1, otherwise, they were coded as 0. Participants interviewed in 2018, 
the year after the policy took effect, were coded as 1; otherwise, they 
were coded as 0. The chief independent variable constituted the 
interaction term of the policy and time dummy variables.

3.2.3. Control variables
Building on prior research regarding factors influencing HI (40), 

this study incorporated demographic characteristics, lifestyle habits, 
and medical attributes as control variables. Demographic 
characteristics included age, educational level, marriage status, 
marriage satisfaction, and relationship satisfaction with children. 
Income level was excluded from the control variables, given its 
incorporation in the CI calculation formula before executing the 
regression analysis. Lifestyle habits embraced factors such as smoking, 
drinking, exercise, hours slept and household hygiene level. Medical 
attributes encompassed medical cost, hospital distance and 
medical satisfaction.

3.2.4. Other independent variables for 
heterogeneity tests

We were also interested in the heterogeneous effects of the DHSR 
on the HI of older persons of different genders and areas. Sex is coded 
as 0 (females) and 1 (males). Area is coded as 1 (east), 2 (central) and 
3 (west).

3.3. Analytic approach

PSM was used to reduce selection bias, which allowed us to mimic 
some of the characteristics of a randomized controlled trial by 
balancing the distribution of all the covariates in the treated and 
control groups. First, we estimated the average treatment effect on the 
treated (ATT) with a series of matching methods when policy was the 
dependent variable, RIF-CI was the outcome variable and other 
variables (listed in Table 1) were controlled to verify the robustness of 
the PSM approach (presented in Supplementary Material S1). Second, 
older individuals covered in the first batch of SHCOP application pilot 
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demonstrations were matched at a 1:4 ratio to the controls (41).This 
ratio suggested that this method could usually obtain the least mean 
square estimation error in a calliper of 0.00878 (one-fourth of the 
standard deviation (SD) of the propensity score) (42), which is a 
trade-off between promoting the weight of the smaller group (the 
treated group) and keeping a good matching quality. Third, SD in 
covariates between the treated and control groups before and after 
matching were calculated to assess the improvement of balance in the 
covariates. If the SD was <10%, it was considered an indicator of 
balance. Finally, each weight of all matched samples was recorded, and 
all the unmatched samples were dropped.

Following PSM, a total of 3,027 matched samples with weights 
were loaded into the dataset of the next several regressions, with 250 
samples in the treated group and 2,777 samples in the control group. 
RIF-I-OLS was adopted to confirm the mitigative effect of DHSR on 
older HI in China. In this model, we took the mean RIF-CI as the 
dependent variable to represent the CI of the health score (CI) because 
the expectation of RIF-CI was equal to CI. Meanwhile, the DID model 
was used with an aggregation technique to assess the net effect of the 

policy, which meant that time and policy as well as other variables 
(listed in Table 1) were all controlled. In addition, gender and area 
concerned us; thus, we took gender and area as two grouping criteria 
in the next spatial analysis. All statistical analyses above were 
performed using Stata 15.1 (Stata Corp., LLC). A p value < 0.05 was 
considered statistically significant.

4. Results

4.1. Descriptive analysis

The descriptive statistics summarized in Table 1 highlight the 
diversity of the CHARLS sample after PSM. A total of 47.0% of 
participants were male. The mean age of the sample was 69.49 years. 
The average educational level of participants is 2.995, which means 
that the average participant “did not finish primary school.” The 
proportions of Eastern and Central participants were similar, 36.373% 
and 35.249%, respectively. The majority (77.007%) of the sample was 

TABLE 1 Description of the key independent variables for the study sample.

Total (N =  3,027) Control (N =  2,777) Treated (N =  250)
Variable

Mean/% SD Mean/% SD Mean/% SD

Policy 26.5 19.91 100

Time 30.7 24.45 100

Treatment = Policy*Time 8.26 0 100

Age 69.49 7.441 69.39 7.355 70.62 8.276

Male 47 47.1 45.6

Educational level 2.995 1.993 2.973 1.998 3.236 1.934

Area

Dummy east 36.373 36.550 34.4

Dummy central 35.249 34.930 38.8

Dummy west 28.378 28.520 26.8

Marital status

Dummy married and living with spouse 72.679 73.425 72.4

Dummy married but not living with spouse temporarily 4.130 3.997 5.6

Dummy separated, do not live together as a couple anymore 0.198 0.180 0.4

Dummy divorced 1.024 0.972 1.6

Dummy widowed 20.548 20.670 19.2

Dummy never married 0.760 0.756 0.8

Marriage satisfaction 2.567 0.758 2.562 0.753 2.624 0.803

Parent–child relationship satisfaction 2.314 0.695 2.31 0.696 2.348 0.691

Smoking 89.6 89.1 95.2

Drinking 35.4 35.6 33.2

Exercise 92.9 93.4 87.2

Sleep Hours 6.365 1.978 6.382 1.965 6.175 2.112

Household hygiene level 2.975 0.807 2.977 0.82 2.952 0.651

Medical cost 1,498 1,191 1,503 1,239 1,440 315.7

Medical satisfaction 2.626 1.036 2.623 1.037 2.656 1.034

Hospital distance 29.79 15.38 29.89 15.86 28.63 8.358
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FIGURE 2

Kernel density function graph of propensity score values after PSM.

married. Of the participants, 89.6% smoked, and 35.4% drank alcohol. 
The majority (92.9%) of the sample habitually exercised. The mean 
number of hours slept by the sample was 6.365 h. The average 
satisfaction with marriage and the parent–child relationship of the 
participants was 2.567 and 2.314, respectively, which means they were 
“very satisfied.” The average satisfaction with medical treatment of 
participants was 2.975, which means they were “somewhat satisfied.”

Table 2 displays the CI values and the mean RIF-CI for participants 
in both 2015 and 2018. Both CIs (0.0269 and 0.0479) are positive, 
indicating a pro-affluence HI for older people. This reveals health 
disparities favoring those with higher incomes, while disadvantaging 
the less affluent. The 2018 CI (0.0479) exceeded the 2015 value 
(0.0269), signifying an expanding HI among older individuals 
between these years.

4.2. Baseline results

As we introduced above, PSM-DID was executed, and baseline 
results were estimated.

Figures 1–4 show the optimization effect on the dataset after 
executing PSM. Figures 1, 2 show the graphs of the kernel density 
function for propensity score values before and after PSM, 
respectively. Compared to the gap between the kernel density 
function curves of the propensity score values between treated and 
control groups before PSM, the one after PSM was narrower and the 

two curves were coincident, indicating most of the participants in the 
treated and control groups would be  efficiently matched after 
applying PSM. Moreover, it was shown while testing the common 
support hypothesis that a close number of the treated group on 
support and the control group on support shared each propensity 
score value along the lateral axis in Figure 3, while in contrast, the 
scale of shared score values among participants off supports was far 
less. The data passed the test of the common support hypothesis for 
PSM. The standard bias of each control variable before and after PSM 
is visible in Figure  4. After PSM, all the control variables 
non-significantly differed between the treated and control groups, 
which meant that the characteristic distributions of the treated group 
and control group could be efficiently controlled and the balancing 
assumption test for PSM was passed.

Table 3 reports the estimations related to the DHSR and HI of 
older individuals.

In Model 1, while control variables are omitted, both city and 
year fixed effects are accounted for. Results from Model 1 suggest 
that the introduction of DHSR effectively mitigates the HI 
experienced by older populations, with the HI index registering 
a decline of 0.281 (p < 0.01). Model 2, in comparison to Model 1, 
incorporates additional controls and indicates that DHSR 

TABLE 2 Description of health statistics in 2015 and 2018 for the study 
sample.

2015 (N =  2098) 2018 (N =  929)
Variable

Mean SD Mean SD

Physical function 21.33 2.243 21.56 2.441

Depression 7.763 5.872 7.866 5.477

Activity 0.901 1.141 0.940 1.153

Health score 0.413 0.109 0.416 0.104

Income 18,634 15,460 17,700 21,399

RIF-CI 0.0269 0.598 0.0479 0.615

FIGURE 1

Kernel density function graph of propensity score values before PSM.

FIGURE 3

Common support hypothesis test results.
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maintains its notable impact on reducing the HI for older 
individuals, evidenced by a decrement in the HI index by 0.301 
(p < 0.01). Both Model 1 and Model 2 substantiate the proposed 
hypothesis. Based on Model 1, the independent variables used to 
discuss heterogeneity (gender and area) are successively added to 
Model 3 and Model 4. Notably, the coefficient for DHSR 
consistently exhibits a negative value in both models (−0.299, 
p < 0.01 and − 0.274, p < 0.01). Additionally, based on the findings 
from Model 3 and Model 4, both gender and area exert significant 
influence on the HI for older people, establishing them as pivotal 
parameters for heterogeneity analysis.

4.3. Robustness checks

Aiming to verify the conclusion that it was DHSR that 
accounted for the descent of HI from the control group to the 
treated group, we  designed a placebo test: we  drew a random 
sample for the variable policy and calculated the DID in the new 
treated (policy) group at different times to observe whether the 
randomized DID coefficients were concentrated around 0 in the 
kernel density map and whether their t test values significantly 
deviated from their true values. If the randomized DID 
coefficients were concentrated around 0 while their t test 

FIGURE 4

Balance assumption test results.

TABLE 3 PSM – DID results of the DHSR on the HI of older community.

(1) (2) (3) (4)

C C C C

Treatment −0.281*** −0.301*** −0.299*** −0.274***

(−3.40) (−3.60) (−3.58) (−3.25)

CONTROL N Y Y Y

Male 0.0910*** 0.0912***

(3.76) (3.76)

Dummy east −0.144***

(−5.06)

Dummy central −0.0247

(−0.94)

N 3,027 3,027 3,027 3,027

R2 0.045 0.068 0.070 0.074

adj. R2 0.044 0.065 0.067 0.071

t statistics in parentheses. *p < 0.1, **p < 0.05, ***p < 0.01.
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probability values were mostly above 0.01, the robustness test 
passed. That is, there was no potential confounding effects of 
other policies or initiatives, which could have influenced 
the results.

The test procedure encompasses the following steps: Randomize 
the association between participants and policy. Generate a new 
treatment group within the RIF-I-OLS regression model. Execute the 
regression model, capturing the DID coefficients, their associated 
t test values, and respective probability values. Iterate steps 1 through 
3 a total of 1,000 times. Construct kernel density plots for both the 
estimated DID coefficients and their t test values, complemented by a 
scatter plot representing the estimated DID coefficients against their 
t test probability values.

Figures 5–7 show that the robustness test passed. When the 
order of the variable policy, which depended on whether DHSR 
was executed, the randomized DID coefficients were concentrated 
around 0 while their t test probability values were mostly above 
0.01. This indicates that there is a very small probability of 
misattributing disturbances from unknown variables, including 
the implementation of other health policies, to the impact of 
DHSR on HI.

4.4. Heterogeneity tests

A detailed examination of the heterogeneity in the impact of DSHR 
on HI is essential for formulating precise differentiated policies. Table 4 
presents the heterogeneity test results, considering gender and regional 
perspectives. Panel A elucidates the varied effects of the DHSR on male 
and female populations. Notably, the DHSR substantially alleviates the 
HI for both older males and females. The influence on older males 
(−0.333, p < 0.01) surpasses that on older females (−0.251, p < 0.05). 
Panel B of Table 4 illustrates the differential impacts of the DHSR on 
older inhabitants of Eastern, Central, and Western China. The HI index 
for older people in the western region witnesses a decline by 0.557 
(p < 0.01), while in the central region, it drops by 0.318 (p < 0.05). 
Contrastingly, the eastern region’s older population exhibits no 
significant alterations in the HI index. Such findings confirm that the 
DHSR markedly mitigates the HI for older people in central and 
western areas, with the impact being more profound in the western 
than in the central region. Collectively, the DHSR exerts a more 
significant effect on ameliorating the HI among older demographics 
facing elevated health risks or residing in less affluent areas, thereby 
promoting inclusive advancement in social welfare.

5. Discussion

Using a large retrospective cohort in China, this study examined the 
effects of the DHSR on the HI for older individuals, a factor potentially 
influencing healthy aging. In contrast to many prior studies that solely 
concentrated on the direct outcomes of PF or MH post enhancements 
in digital health access, this study embraced the tri-dimensional health 
definition posited by WHO. The emphasis lay on the nexus between 
health and digital reform, observed through the lens of social equity. 
Relying on the CHARLS data, the combined PSM-DID and 
heterogeneity analysis brought forth several noteworthy insights.

Firstly, the findings highlighted a pronounced negative correlation 
between the DHSR and HI for older subjects. In the backdrop of rising 
HI trends among older people, DHSR emerges as a pivotal mechanism 
to curtail this rise. Contrasting with these findings, certain studies have 
posited that the proliferation of digital technology does not invariably 

FIGURE 5

Kernel density diagrams of the estimated DID coefficients.
FIGURE 7

Scatter plot of the estimated DID coefficients and its t test probability 
values.

FIGURE 6

Kernel density diagrams of the estimated DID coefficient and t test 
values.
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ensure fair health access, mainly due to the prohibitive cost of high-
speed internet for some segments of the population (4, 31). However, 
the results from other previous studies suggest a conclusion similar to 
that of this study that digital health tools act as potentially powerful 
means to alleviate pressure on existing health and social care systems 
from the point of view of health equity (43–45), especially in the 
context of COVID-19 (46). Those results are consistent with ours even 
though much of the evidence is from developed countries and the 
focus on older populations in developing regions is limited. Our study 
supplements the literature by examining this association through a 
quasi-natural experiment on a sample of older people in China.

Digital empowerment may increase the availability of health services 
and facilitate the flow of health information (44), potentially mitigating 
disparities in health status. As per Yang et al. (47) suggested that digital 
health care resources extend beyond any spatial and temporal limitations 
of hospitals due to their high accessibility, as the Internet of Medical 
Things (IoMT) increases in popularity. Older individuals, especially 
those who are relatively poor or in remote areas, are provided lower costs 
of medical treatment and professional health support through the supply 
of digital devices and telemedicine (48). The digitization in the public 
health domain considerably diminishes information transmission costs 
(49), playing a pivotal role in bridging the chasm in both health 
information and outcomes (44) essentially amplifying health literacy, 
thus diminishing the propensity for ailments and mortality. Hence, the 
momentum towards DHSR remains indispensable.

Furthermore, our study elucidates the diverse impacts of DHSR 
on HI across various demographic groups. DHSR appears to have a 
more pronounced influence in mitigating HI among older males and 
older residing in western and central regions. This observation 
indicates that the DHSR is more beneficial to older groups with higher 
health risks or in underdeveloped regions. Digital reforms in public 
health have led to inclusive growth in social health and well-being. 
Similar to our conclusions, evidence from developing countries such 
as Russia and Indonesia showed that the growth generated by digital 

technology is inclusive, helping to reduce social inequities (50, 51). A 
study focusing on rural households in China also showed that the 
digital revolution helped achieve inclusive regional growth (49).

Lin has argued that men suffer higher health risks than women 
(52). The predisposition of males toward severe chronic conditions and 
life-threatening diseases stems from their inclination to indulge in 
health-compromising behaviors such as smoking, alcohol consumption, 
aggressive confrontations, and substance misuse (53). Dissemination of 
health-related information, like the hazards associated with smoking, 
enhances the health literacy among these high-risk groups. This, in 
turn, motivates them to curtail such perilous habits, thereby narrowing 
the health disparity gradient through preventive measures. The central 
and western regions of China, constrained by economic and 
geographical factors, possess an underdeveloped medical infrastructure, 
presenting considerable opportunities for enhancement in healthcare 
accessibility and equity. Here, the DHSR exerts a significant influence 
in ameliorating health care accessibility and optimizing HI. Conversely, 
the nonsignificance of impact of DHSR on the HI for older individuals 
in eastern regions may be attributed to their proximity to superior 
medical facilities and better medical care.

5.1. Policy implications

This study elucidates two pivotal policy implications.
There is a pressing need to expediently advance DHSR initiatives 

to alleviate HI for older people. Firstly, policy-makers should forge 
actionable blueprints to incorporate telemedicine into health 
insurance frameworks, facilitating access for financially constrained 
older individuals. This could involve initiating pilot programs that 
center on straightforward, yet mature telemedicine undertakings to 
catalyze its widespread adoption. Secondly, an imperative exists to 
supervise the caliber of online health data disseminated. The health 
care infrastructure should foster the utilization of official online health 
portals, such as hospital websites, for older individuals seeking 
credible health information. Concurrently, a personalized educational 
strategy should be  instituted to capacitate older individuals in 
discerning reliable sources from unreliable ones.

A subsequent recommendation is that policy-makers should 
identify the core groups whose HI can be substantially mitigated, 
directing DHSR resources preferentially towards these groups. Such 
stratification facilitates a distribution pattern aligned with the 
nationwide Pareto optimality. As a case in point, internet infrastructure 
development should gain momentum in the western and central 
regions to ensure seamless remote medical service delivery. The 
initiation of the “Broadband China” strategy has enhanced broadband 
accessibility in rural sectors. As of the close of 2018, the internet 
penetration rate within China’s rural landscapes stood at 38.4%. 
Concurrently, the broadband transmission speed in these areas 
witnessed a consistent augmentation, rising from 4 Mbps to 8 Mbps 
(49). Furthermore, it is essential to emphasize training designed to 
enhance the digital learning capacity of older individuals.

5.2. Limitations

This investigation acknowledges several constraints. Firstly, due 
to the limitations inherent to the CHARLS dataset, the exclusion of 
certain potential covariates was necessary, particularly those with 

TABLE 4 Heterogeneity test results of the DHSR on the HI of older 
individuals.

(A) Heterogeneity effects by gender

Total Female Male

Treatment −0.301*** −0.251** −0.333***

(−3.60) (−2.15) (−2.76)

CONTROL Y Y Y

N 3,027 1,423 1,604

R2 0.068 0.055 0.113

adj. R2 0.065 0.050 0.107

(B) Heterogeneity effects by area

Total East Central West

Treatment −0.301*** 0.0769 −0.318** −0.557***

(−3.60) (0.49) (−2.43) (−3.95)

CONTROL Y Y Y Y

N 3,027 1,101 1,067 859

R2 0.068 0.073 0.110 0.262

adj. R2 0.065 0.063 0.103 0.254

t statistics in parentheses. *p < 0.1, **p < 0.05, ***p < 0.01.
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extensive missing values, to maintain an expansive sample size. 
We were unable to derive detailed information about family conditions 
in childhood (54) and the infrastructural quality of medical 
establishments—factors potentially influencing health-equity 
outcomes—remain elusive. Secondly, despite employing PSM analysis 
to achieve balance among observable confounders, the study could 
not entirely account for unobserved confounders, thereby allowing the 
possibility of “hidden bias.” Thirdly, the multi-dimensional intricacies 
of the DHSR could not be exhaustively explored using the CHARLS 
data, as the measure was restricted to the action plan for the SHE 
industry. A more comprehensive exploration of digital reforms might 
be  achieved in subsequent studies by crafting a detailed DHS 
framework, potentially drawing inspiration from the TIMG digital 
economy index (55). Additionally, the scope of health metrics related 
to social participation was limited to 11 activities due to the nature of 
the CHARLS data. This singular metric could inadvertently narrow 
the perceived health disparities. Lastly, given the brief interval post-
implementation of the SHE industry’s action plan in China, the long-
term implications of the DHSR remain undetermined. Future studies 
should explore these enduring effects and contrast them against the 
short-term outcomes.

5.3. Strengths

Despite inherent limitations, this study boasts four primary 
advantages. Firstly, it employed PSM analysis to enhance the validity 
of comparisons—a methodology seldom adopted in prior research. 
Secondly, to the best of our understanding, this marks the inaugural 
study probing the health ramifications of the DHSR through the lens 
of social equity, thereby offering novel insights for policy frameworks 
fuelling the digital revolution. Thirdly, adhering to the WHO’s 
tri-dimensional health definition, this research meticulously examined 
health disparities at an individual level using the RIF-I-OLS technique. 
Grounded in established literature and theory, this approach addresses 
an existing void in public health investigations. Lastly, the study relied 
on comprehensive data that encapsulates China’s entire populace, 
ensuring the robustness of the findings.

6. Conclusion

Utilizing data from CHARLS, this study evaluated the impact 
of the DHSR on the HI for older individuals in China, offering a 
potential criterion for digital pilot evaluations. The results 
revealed that the DHSR played a pivotal role in curbing HI, 
especially given the rising trend of HI within the older 
demographic. Notably, the DHSR exhibited pronounced effects 
on older men and older population in less developed regions, 
potentially facilitating inclusive advancements in societal health. 
These findings underscore the imperative of sustaining DHSR 
efforts and strategically allocating DHSR resources to target older 
subgroups where significant reductions in HI are attainable.
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Objectives: The willingness of family members to take care of older relatives 
directly affects the quality of life of disabled older adults, so it is necessary to 
understand the status quo of willingness to care and its influencing factors. This 
has been extensively studied in other countries, but, it is rarely studied in China. 
Based on the theory of altruism, employing a unique sample from Shanghai, 
China in 2017 and 2022, we attempt to reveal the influencing factors of the care 
willingness of family caregivers during the transition period.

Methods: To measure caregiver burden and functional disability of the care 
recipient, we  employ the Zarit Burden Interview (ZBI) and the Barthel Index, 
respectively. Then we utilized the ordinary least squares (OLS) methodology and 
estimated four regression models. Models 1, 2, and 3 examined the impact of 
the variables of the caregiver burden, responsibility and love, and the quality of 
the caregiver-caregiver recipient relationship, respectively, on family caregivers’ 
willingness to care. Model 4 was the full model. To testify whether the caregiver 
burden is likely to act as a mediator, path analysis was used, and the path was 
adjusted and verified.

Results: According to the survey, in Shanghai, only half of the caregivers had 
a very high care willingness to care for disabled older relatives, while nearly 
one-tenth of the caregivers had a low willingness. It was the caregiver burden 
rather than the functional disability of older adults that harms family caregivers’ 
willingness to care. Responsibility and caring out of love were positively related to 
care willingness. Relationship quality was the most important influencing factor, 
explaining 10.2% of the variance in care willingness. Path analysis demonstrated 
that responsibility, caring out of love, and relationship quality directly and through 
the mediation of caregiver burden indirectly affected care willingness.

Conclusion: Our results revealed that reciprocal altruism presented by the quality 
of the caregiver-care recipient relationship had a significantly positive impact 
on family caregivers’ willingness to care. In addition, the caregiver burden was 
found not only directly affected care willingness, but also acted as a mediator. To 
promote the perfection of laws and policies, comprehensive samples of different 
types of cities should be included and the measurement of key variables could 
be further improved in future studies.

KEYWORDS

altruism, willingness to care, family caregivers, older adults with functional disabilities, 
caregiver burden
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1 Introduction

The population over the age of 65  in China reached 209.78 
million—14.9% of the total population in 2022 (1). It is predicted 
that there will be 97.5 million disabled older people in China by 
2050 (2). Caring for older adults with functional disabilities has 
become an arduous task (3). Willingness to care is a critical factor 
that could influence caregiving decisions. Generally speaking, the 
heavier the caregiver burden, the weaker the willingness to care. 
Lévesque et al. (4) pointed out that institutional care usually occurs 
when the health of older relatives deteriorates significantly, and 
caregivers are exhausted. Gaugler et al. (5) also found that the stress 
and burden shouldered by caregivers not only affect their health but 
also result in premature institutionalization of their older relatives. 
Most studies focus more on the impact of objective burden (i.e., 
older people’s ability to perform ADL) on family caregivers’ 
willingness to care (6). However, the caregiver burden is influenced 
by many factors and needs to be assessed by the caregiver himself 
or herself, that is, subjective burden (7). Some studies have shown 
that the subjective burden affects the continuity of family care more 
than the objective burden (8). Consequently, the caregiver burden 
referred to below mainly refers to the subjective burden, and 
Hypothesis 1 is proposed: the heavier the caregiver burden, the 
lower the willingness to care.

From the perspective of psychology, willingness to care is closely 
related with altruism (9). Altruism includes genetic altruism and 
reciprocal altruism. Genetic altruism refers to engaging in altruistic 
behavior that benefits close relatives (10). The US evolutionary 
biologist Robert Trivers proposed reciprocal altruism in 1971 (11), 
altruistic behavior undertaken with an expectation of reciprocation. 
Many population biologists insist that, except for altruism to close 
relatives, some seemingly altruistic human actions are actually aimed 
at reciprocity (12). Caring for older people inevitably entails stress, 
known as the caregiver burden. The return of caregivers to the old 
people’s past efforts, and the good relationship between caregivers and 
the old people can meet the psychological needs of caregivers, so as to 
realize a kind of reciprocity.

From an altruistic point of view, responsibility, love and 
relationship quality are conducive to strengthening willingness to 
care. Light et  al. (13) found that family members most often 
expressed a strong desire and sense of responsibility to care for older 
adults. Many studies proved that the higher the family members’ 
filial piety identity is, the higher willingness they have to care for 
their older adults (14–16). Li et al. (17) found that the decline of filial 
piety would lead to a reduction in family members’ willingness to 
care. Chien and Wu (6) found that the more filial piety adult children 
identify with, the more willing they are to care for their disabled 
parents. Therefore, Hypothesis 2 can be raised: the higher the family 
caregiver’s sense of responsibility for the care recipient, the higher 
the willingness to care.

Love can also explain family caregivers’ willingness to care to 
some extent. Bull and McShane (18) argued that most family members 
provided care to older adults primarily out of love and dedication. 
Baider and Surbone (19) also found that those who cared for older 
people at home usually did so out of genuine love. Similar findings 
have been found in many studies (20, 21). So, we  put forward 
Hypothesis 3: family caregivers motivated by love are more willing to 
provide care than those not motivated by love.

The relationship between the caregiver and the care recipient 
includes spousal relationship and parent–child relationship. Mercier 
et al. (22) studied 87 mother-daughter and 70 father-daughter pairs, 
and found that the better the quality of relationship, the more the 
daughters felt obligated to care for their older parents. A Chinese 
study also found good intergenerational relationships can provide 
a vital source of motivation and spiritual support for children to 
look after their older parents (23). As for older adults with 
functional disabilities, Chien and Wu (6) found that the willingness 
of adult children to care for their disabled parents is significantly 
influenced by intergenerational relationships. Therefore, we can put 
forward Hypothesis 4: the better the quality of the relationship 
between the caregiver and the care recipient, the higher the 
willingness to care.

Lawrence et  al. (24) found that good relationships between 
family caregivers and their older relatives were thought to 
be effective in coping with pressure and counteracting the negative 
consequences of care. Based on Hypothesis 1, reducing the caregiver 
burden will enhance care willingness to some extent. Therefore, the 
impact of relationship quality on care willingness may be either 
direct or indirect through the mediation of caregiver burden. 
Similarly, if the caregiver has a strong sense of responsibility for the 
care recipient or caring for him/her out of love, the caregiver’s 
burden may be reduced, thus leading to an increased willingness to 
care. Therefore, Hypothesis 5 is proposed: caregiver burden is a 
mediator between independent variables (responsibility for the care 
recipient, caring out of love, the quality of the caregiver-care 
recipient relationship) and dependent variable (family caregivers’ 
willingness to care).

Due to the lack of data, there have been few empirical studies on 
Chinese family caregivers’ willingness to care. Therefore, it is necessary 
to conduct empirical research (explanatory studies specifically) to 
understand more about it. Employing a unique sample from Shanghai, 
China, this current study attempts to reveal the influencing factors of 
the care willingness of family caregivers during the transition period. 
Based on empirical findings, family care support policies can 
be further improved to make it sustainable.

2 Materials and methods

2.1 Ethical consideration

We focus on caregiving within a family context. The care recipients 
are all disabled older adults, and the caregivers are mainly their family 
members, including spouses and adult children. In 2017 and 2022, the 
study involving human participants was supported by the Shanghai 
Municipal Health Commission and was reviewed and approved by the 
Institutional Review Board of East China University of Political 
Science and Law (Protocol #16BSH137).

2.2 Participants

We conducted a sample survey of family caregivers and their 
disabled older relatives in Shanghai. After informed consent, paper 
questionnaires were completed by family caregivers and their disabled 
older relatives, so, two questionnaires were collected from one family. 
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We  obtained complete information on family care, including 
information about family caregivers and their disabled older relatives, 
their interactions, as well as general family situations, which helped us 
to identify factors influencing family caregivers’ willingness to care. 
Due to the large scope of Shanghai, we chose our participants by 
implementing three-stage (district, town, and family) sampling. The 
total number of disabled older adults from 10 districts (the first stage 
sampling), 18 towns (the second stage sampling) was no more than 
10,000. We  completed a survey of 30 households (the third stage 
sampling) in each town due to the hospitalization of some disabled 
older adults and the refusal of some family caregivers to the survey. 
The distribution of samples in central urban areas (325 pairs) and 
suburbs (210 pairs) is basically the same as the distribution of 
population. Among the investigated caregivers, there are 188 spouse 
caregivers and 347 child caregivers.

2.3 Measures

In this paper, willingness to care is the dependent variable, 
which is assumed to be influenced by five independent variables – 
functional disability of the care recipient, caregiver burden, 
responsibility, caring out of love, and quality of the caregiver–care 
recipient relationship.

2.3.1 Willingness to care
In the questionnaire, we asked family caregivers, “To what extent 

are you willing to look after the older adult at present?” The total score 
of willingness to care ranges from 0 to 10. If family caregivers had high 
care willingness, the score was higher, and vice versa.

2.3.2 Functional disability of the care recipient
The Barthel Index was adopted to evaluate older people’s ability to 

perform ADL (25). The index comprises 10 activities, such as feeding, 
dressing, and bathing. The maximum value of the index is 100, and 
the minimum value is 0. The smaller the score is, the higher the level 
of functional disability of older people. The Cronbach’s alpha of the 
Barthel Index is 0.903.

2.3.3 Caregiver burden
The Zarit Burden Interview (ZBI) was used to assess caregiver 

burden. The ZBI is made up of four dimensions, including health 
status, mental state, economic status, and social life, with a total of 
22 items. Each item is rated from 0 to 4 (0 = never; 4 = always). The 
value of the scale ranges from 0 to 88. The larger the score is, the 
heavier the caregiver burden (26). The Cronbach’s alpha of ZBI 
is 0.878.

2.3.4 Responsibility
The responsibility of the primary caregiver for the care recipient 

is measured through a question, that is, “Do you think you have the 
responsibility to care for the older adult?” There are five options, from 
“strongly disagree” (=1) to “strongly agree” (=5).

2.3.5 Caring out of love
In the questionnaire, “what’s the primary reason you care for the 

older adult?” There are eight options in total, and only one option is 
related to affection for older relatives: “I have affection for him and it 

makes me happy to take care of him.” Thus, these eight options can 
be divided into two categories, namely “caring out of love” (=1) and 
“caring not out of love” (= 0).

2.3.6 Quality of the caregiver–care recipient 
relationship

To measure the quality of the relationship between primary 
caregivers and older adults, it is necessary to have information not only 
from the caregiver’s perspective, but also from the older adult’s 
perspective. In the questionnaire, caregivers and older people were asked 
to assess their relationship, respectively (1 = very bad; 5 = very good).

2.3.7 Demographic characteristics
The following demographic variables were used as control 

variables in this study, including caregiver gender (1 = male, 
0 = female), age (in years), completed formal education (in years), 
physical health (1 = very bad; 5 = very good), and the relationship 
between caregivers and older adults (1 = spousal relationship; 
0 = parent–child relationship).

2.4 Statistical analysis

Four regression models were estimated by using ordinary least 
squares (OLS) method. Model 1 investigated the influence of caregiver 
burden on family caregivers’ willingness to care. Model 2 demonstrated 
the impact of responsibility and love, and Model 3 showed the effect 
of the quality of the caregiver–care recipient relationship. Model 4 was 
the full model, showing the effect of all independent variables on 
family caregivers’ willingness to care. The same control variables were 
included in all models.

3 Results

Descriptive statistics were performed for all variables, as 
shown in Table 1. The average score of care willingness was 8.55. 

TABLE 1 Descriptive statistics of study participants (N  =  532).

Variables M (SD) Ranges

Willingness to care 8.55/1.59 0–10

ADL (CR) 51.18/40.60 0–100

Caregiver burden 29.10/17.38 0–88

Responsibility 4.32/1.08 1–5

Caring out of love 0.08/0.27 0–1

CG’s relationship to CR 4.11/0.90 1–5

CR’s relationship to CG 4.18/0.72 1–5

Spouse caregivers 0.35/0.48 0–1

Male (CG) 0.42/0.49 0–1

Age (CG) 65.13/12.39 25–97

Education (CG) 11.25/3.58 0–19

Physical health (CG) 3.08/0.86 1–5

CG denotes variables pertaining to caregivers. CR indicates variables pertaining to care 
recipients. ADL, activities of daily living.
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Out of the full score of 10, 54.91% of family caregivers gave a score 
of 9 or above, and 35.65% gave a score between 7 and 8, 6 and 
below accounted for 9.44%. The data suggest that a certain 
proportion of family caregivers are not willing to take care of their 
older relatives.

3.1 Influencing factors of willingness to care

The statistical results about factors influencing family caregivers’ 
willingness to care are demonstrated in Table 2.

Model 1 presented the correlations between caregiver burden and 
care willingness. The disabled older people’s ability to perform ADL 
had no significant impact on care willingness, which implied that 
family caregivers’ willingness to care was not related to the functional 
disability of the care recipient. However, caregiver burden was 
negatively associated with care willingness (p < 0.01), indicating that 

the heavier the caregiver burden, the lower the care willingness. 
Hypothesis 1 was verified.

The influence of responsibility and love on care willingness was 
demonstrated in Model 2. Care willingness was higher for those 
caregivers who had a strong sense of responsibility (p < 0.01) and for 
those caregivers who took care of older relatives out of love (p < 0.01). 
Hypothesis 2 and 3 were verified.

Model 3 showed the effect of relationship quality on care 
willingness. According to the evaluation of relationship quality by 
caregivers and care recipients, the statistical results showed that there 
was a positive correlation between relationship quality and care 
willingness (p < 0.01 and p < 0.05, respectively), indicating that a better 
caregiver-care recipient relationship was related to a higher willingness 
to care. Hypothesis 4 was verified.

It was demonstrated in Model 4 that 15.4% of the variance in care 
willingness was explained. Although three independent variables were 
no longer statistically significant, the caregiver burden and the 
caregiver’s relationship to the care recipient still had a significant effect 
on family caregivers’ willingness to care.

3.2 Mediating effect of caregiver burden

It was found that the responsibility and love of family caregivers 
for disabled older relatives, and the quality of the caregiver-care 
recipient relationship have significant effects on the caregiver burden 
(24, 27, 28) in previous studies. We found that the caregiver burden 
has significant effects on care willingness, so we  guessed that the 
caregiver burden is likely to act as a mediator. Therefore, we used path 
analysis, adjusted and verified the path, and finally got a statistically 
significant model, as shown in Figure 1. The Compared Fit Index 
(CFI > 0.9, indicating that the model has an excellent fitting degree) is 
1.000. The Root Mean Square Error of Approximation (RMSEA <0.1, 
showing that the model has an excellent fitting degree) is 0.000. 
Consequently, it can be concluded that the model has an excellent 
fitting degree. The direct effect, indirect effect, and total effect of care 
willingness with caregiver burden as the mediator are shown in 
Table 3.

It is shown in Figure 1 and Table 3 that responsibility, caring out 
of love, CG’s relationship to CR, and CR’s relationship to CG not only 
directly affect care willingness, but also indirectly affect care 
willingness through the mediation of caregiver burden (except CR’s 
relationship to CG). By comparing the total effect of the four variables, 
the impact of caring out of love is the highest (0.636), the second is 
CG’s relationship to CR, the third is CR’s relationship to CG, and the 
impact of responsibility is the lowest. In other words, caring out of 
love and the quality of the caregiver-care recipient relationship are 
more helpful in predicting changes in caregiver burden, which in turn 
helps predict variations in care willingness, than the caregiver’s 
responsibility. Hypothesis 5 was testified.

4 Discussion

We found that it was the caregiver burden rather than the 
functional disability of older adults that harms family caregivers’ 
willingness to care. This suggests that although the functional 
disability of older adults is a source of caregiver burden, it is not the 

TABLE 2 OLS regression model of predictors of care willingness (N  =  532).

Variables Model 1 Model 2 Model 3 Model 4

ADL (CR) −0.003 −0.002

(0.002) (0.002)

Caregiver burden −0.023** −0.014**

(0.005) (0.005)

Responsibility 0.224** 0.133

(0.072) (0.069)

Caring out of love 0.679** 0.429

(0.228) (0.222)

CG’s relationship to 

CR

0.374** 0.287**

(0.092) (0.089)

CR’s relationship to 

CG

0.288* 0.215

(0.123) (0.122)

Spouse caregivers 0.069 −0.006 0.119 0.095

(0.210) (0.217) (0.214) (0.212)

Male (CG) −0.109 0.019 −0.032 −0.034

(0.133) (0.138) (0.130) (0.130)

Age (CG) 0.006 0.007 0.005 0.003

(0.010) (0.010) (0.010) (0.010)

Education (CG) −0.002 −0.012 −0.023 −0.007

Physical health 

(CG)

(0.022) (0.022) (0.022) (0.021)

0.026 0.157 0.114 −0.014

(0.087) (0.087) (0.082) (0.085)

Constant 8.936*** 6.689*** 5.335*** 6.160***

(0.778) (0.786) (0.824) (0.972)

R2 0.087 0.053 0.102 0.154

Robust standard errors in parentheses. CG denotes variables pertaining to caregivers. CR 
denotes variables pertaining to care recipients. OLS, ordinary least squares; ADL, activities of 
daily living. *p < 0.05; **p < 0.01; ***p < 0.001.
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whole story. Therefore, a comprehensive evaluation of caregiver 
burden should be carried out through ZBI.

The current study found that responsibility and caring out of 
love were positively related to care willingness. Regardless of time 
and space change, family ethics will have a lasting influence on 
family members’ willingness to care (14–16). Many family 
caregivers have devoted a great deal of time and energy to looking 
after their loved ones (29). The maintenance of family care for 
disabled older adults is closely related to the responsibility and love 
of family caregivers for relatives, which suggest that genetic altruism 
still has explanatory power.

It was shown that the quality of the caregiver-care recipient 
relationship was positively associated with care willingness, indicating 
that the better the quality of the relationship, the higher the willingness 
to care. That is, relationship quality as a crucial contributing factor to 
care willingness (6, 22, 23). This phenomenon can be explained by 
reciprocal altruism. In the full model, the effect of relationship quality 
remained significant (only CR’s relationship to CG), while the effect 
of responsibility and love was no longer significant. This further 
indicates that reciprocal altruism has more explanatory power for 
family caregiver’s willingness to care in transition China.

Another essential finding of this study was that, path analysis not 
only fully demonstrated the impact of caregiver burden, responsibility, 

caring out of love, and the quality of the caregiver-care recipient 
relationship on care willingness, but also found that these 
independent variables were at different levels, that is, caregiver 
burden also acted as a mediator. Responsibility, caring out of love, 
and relationship quality directly and through the mediation of 
caregiver burden indirectly affected care willingness. This is probably 
because family caregivers’ burden will be reduced, and their care 
willingness be enhanced when their basic psychological needs are 
met. Ryan and Deci (30) argued that human beings have three basic 
psychological needs, namely, autonomy, competence, and relatedness. 
Among them, relatedness is a kind of belonging need, which refers to 
people’s universal tendency to communicate with, relate to and care 
for others. Since responsibility, caring out of love, and a good 
relationship between family caregivers and older people can satisfy 
family caregivers’ basic psychological needs (mainly relatedness) to a 
certain extent, some family caregivers’ willingness to care is higher.

With the deepening of China’s population aging, it is necessary 
to build a perfect old-age security system to support older people. 
In addition to institutional care and community care, family care is 
still playing a vital role. Caregiver burden and care willingness are 
the determinants of the sustainable development of family care, and 
the latter is more important than the former to some extent. If 
family caregivers are unwilling to care for older persons, even if 
they can, some older people will be  in a tragic situation. Thus, 
policies should promote family caregivers’ willingness to care 
in China.

Firstly, institutional care and community care should be developed 
to reduce caregiver burden. Based on regular caregiver burden 
assessments, interventions should be  given to those with a heavy 
burden to prevent the deterioration of caregivers’ physical and mental 
health, career development, financial status, and social interaction, as 
well as a series of other negative consequences. At the same time, 
we should implement a comprehensive and flexible caregiver support 
strategy, including respite services, training/counseling, support 
groups, improved relationships, flexible work arrangements, financial 
compensation, support for exceptional caregivers, etc.

FIGURE 1

Path analysis coefficients of the model.

TABLE 3 Direct, indirect, and total effect of care willingness with 
caregiver burden as the mediator.

Independent 
variables

Direct 
effect

Indirect 
effect

Total 
effect

Responsibility 0.149* 0.040** 0.189**

Caring out of love 0.480* 0.156** 0.636**

CG’s relationship to CR 0.268** 0.072** 0.340**

CR’s relationship to CG 0.227* 0.039 0.266**

The statistical results in this table are standardized. CG denotes variables pertaining to 
caregivers. CR denotes variables pertaining to care recipients. *p < 0.05; **p < 0.01; 
***p < 0.001.
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Secondly, in transitional China, responsibility and love for old 
parents can still maintain family care, but the negative impact of the 
heavy caregiver burden on family caregivers is amplified by the 
individualization of society. In this case, it is more necessary to build 
a good family relationship, including the spouse relationship and 
parent–child relationship. For example, through the intervention of 
social workers, we can know the quality of the caregiver-care recipient 
relationship, and provide targeted professional services (mainly family 
social work). Family meetings can also be held to promote a rational 
division of caregiving within the family to alleviate conflicts among 
family members arising from caring for older people.

Thirdly, family ethics should be  advocated. Family ethics is a 
valuable cultural resource in China that helps strengthen family 
members’ sense of responsibility towards older relatives. In the context 
of social transition, people may have different understandings of 
family ethics. Thus, traditional family ethics should be inherited and 
developed in new forms to increase family caregivers’ willingness to 
care for their older relatives.

Based on a sampling survey in Shanghai, this study has made 
some innovations. First, so far, there has been little discussion on 
family caregivers’ willingness to care and its contributing factors, and 
even less studies have been conducted in China. Using the unique 
sample from China, this study examined what factors influenced care 
willingness in contemporary China. Second, based on the theory of 
altruism, this study put forward some hypotheses and found that 
reciprocal altruism presented by the quality of the caregiver-care 
recipient relationship has a significantly positive impact on family 
caregivers’ willingness to care. Finally, the present study found that 
caregiver burden acted as a mediator between responsibility, caring 
out of love, the quality of the caregiver-care recipient relationship, and 
care willingness, which is helpful for us to understand the complex 
mechanisms that influence family caregivers’ willingness to care.

Although this unique Chinese sample contributes to examining a 
crucial issue in the field of family care in contemporary China, 
considering the number and composition of China’s older adults, the 
sample size was relatively small, only from Shanghai, and therefore 
underrepresented. The survey findings can only be extrapolated to 
Shanghai, not the whole country. Imperfect measurement was the 
second shortcoming of this study. For instance, it was not accurate to 
measure the quality of the caregiver-care recipient relationship with 
just one question. Thirdly, given the cross-sectional design, the 
findings can only explain the correlation between influencing factors 
and outcome variables (willingness to care) rather than causality. To 
address these limitations, first, a national survey should be carried out 
so that the sample can reflect the heterogeneity of respondents and the 
findings can be extrapolated to the population as a whole. Second, the 
measurement of critical independent variables should be improved to 
explain care willingness accurately. Third, longitudinal research is also 
necessary to explore the causal relationship.

5 Conclusion

In East Asian societies, family members are expected to take care 
of older relatives. However, as the family size is reducing and the 
burden on family caregivers is increasing, meanwhile, to fully enjoy 
their lives, some family members have given up or intend to give up 
their care for older adults. But, Chinese society still assumes that 

family members can and will care for their older relatives without 
much support, which may trigger a potential nursing crisis. Exploring 
family caregiver’s willingness to care from the perspective of altruism 
can make us effectively predict future family care changes and timely 
take measures to support family care.
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Construction and evaluation of 
China older-adult care service 
smart supply chain system
You-Yu Dai *, Guanlong Liu  and Long Sun 

International Business School of Shandong Jiaotong University, Weihai, China

Introduction: As the aging of the population continues to deepen, the pressure 
on social pensions is gradually increasing, and the issue of assistance has become 
a problem that must be solved. With the development of science and technology, 
people’s living standard is constantly improving. The older-adult care services 
expected by the  older-adult are wider than meeting the basic daily needs of 
individuals. The current industry should also consider combining modern science 
and technology with the  older-adult care service industry to serve  older-adult 
better and enable  older-adult care service providers to move towards the service 
needs that make people happier and healthier. This research is about constructing 
and evaluating China’s  older-adult care services smart supply chain.

Methods: Based on the research results of previous scholars, this paper divides the 
Sun  construction of the smart supply chain of China endowment service into four 
aspects: policy aspect, economic aspect, social aspect, and technical aspect; the 
four significant elements are divided into the first-level indicators, and 16 second-
level indicators are divided under the first-level indicators. The importance and 
satisfaction of each evaluation index were obtained by distributing questionnaires 
to the managers who study the supply chain and the employees who are related 
to the old-age service.

Results and discussion: After the reliability analysis, the importance-performance 
analysis (IPA) quadrant analysis chart of the evaluation index was constructed 
using importance-performance analysis. The index of creating a smart supply 
chain system for China’s old-age service is given priority, the supply chain system 
of China’s old-age care service is further improved, and the social security of 
China’s old-age service is enlarged.

KEYWORDS

older-adult care services, old-age security, smart supply chain, service demand, China

1 Introduction

With the continuous development of the social economy and technology, various fields have 
achieved unprecedented improvements in China (1). However, with the constant deepening of 
population aging, the pressure on social older-adult care is also increasing year by year, and the 
issue of older-adult care has become a problem that needs to be solved in China (2, 3). According 
to the latest data from the Chinese 7th National Population Census, as of November 1, 2020, the 
total population in China was 1411.78 million, including 264.02 million people aged 60 and 
above, accounting for 18.70% of the total population. Compared with the 6th National 
Population Census data in 2010, the increase was 5.44 percentage points (4). The implementation 
of the national strategy of active population aging is related to the overall development of the 
country, the well-being of billions of people, and has significant and far-reaching significance 
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for the sustained and healthy development of Chinese economy and 
society during the 14th Five Year Plan period and beyond. We should 
respond to population aging with a more positive attitude, policies, 
and actions (5).

The issue of population aging is not only severe in China but also 
in the whole world. However, traditional older-adult care models can 
no longer meet the current needs of older-adult care (2). Traditional 
older-adult care services include home, institutional, and community 
care. With the high cost and low quality of older-adult care services 
becoming increasingly prominent, the existing operational models of 
older-adult care services can no longer meet the diverse needs of the 
aging population (2, 6). In terms of the current situation of older-adult 
care, older-adults have a higher level of pursuit for realizing their own 
life value and cultural, entertainment, and spiritual aspects (7, 8), not 
only limited to meeting basic living needs such as catering and 
medical care in the past.

Based on the continuous popularization of information 
digitization, utilizing Internet technologies such as big data, cloud 
platforms, and the Internet of Things to achieve service combinations 
has become an effective way to innovate innovative older-adult care 
service models (9, 10). At present, there is relatively little research on 
innovative older-adult care services supply chain in the past 5 years 
(11–13). Therefore, in academia and industry, efforts are being made 
to study the construction of an smart supply chain system for older-
adult care services (14–16).

The British Life Trust was the first to propose the concept of 
“smart retirement.” Demiris and Hensel (17) pointed out that 
thoughtful home care is a service model that uses intelligent service 
equipment and information technology as carriers to systematically 
provide remote monitoring services for older people to enhance their 
self-care ability and older-adult care level. Lemlouma et  al. (18) 
constructed a dependent intelligent older-adult care system framework 
and then analyzed the particular service provision projects and times 
for each older-adult based on scientific evaluation, providing different 
services according to their situations. Chan et al. (19) believed that 
innovative older-adult care services should integrate multiple social 
resources to build an Internet home care service system centered on 
older persons, which includes a unified collection of related 
technologies, services, and information integration.

Zuo and Chen (20) conducted a survey and research on hundreds 
of older people in society, dividing home-smart older-adult care into 
five different dimensions: daily care, economic support, safety 
protection, rehabilitation and health care, and spiritual comfort. Then, 
they constructed a high-quality, high-efficiency, and low-cost 
intelligent older-adult care service to meet the development needs of 
an aging society. Li et al. (21) believed that a new smart older-adult 
care service system should be constructed suitable for the current 
social development in China, and the critical role played by traditional 
older-adult care models cannot be ignored. He advocates optimizing 
the allocation of various social resources, encouraging older people to 
strengthen self-learning, improve their acceptance, and meet older 
people’s older-adult care service needs.

Meng et al. (22) conducted a study on the practicality of social 
networking sites browsed by older-adults and found that the sites 
frequently browsed by older people currently have shortcomings. 
Therefore, it is necessary to continuously transform and upgrade these 
social networking sites to make their service functions healthier and 
more informative, enabling older persons to receive practical guidance 

and assistance when browsing social networking sites. Making social 
networking sites for older people more functional and scientific and 
better meet older-adults’ convenient use of social networking sites. 
Zeng and Hou (23) found that Chinese policies on innovative older-
adult care services are immature. The incentive policies for older-adult 
care services need to be strengthened, and the review and supervision 
policies for the smart older-adult care service system need to 
be improved to ensure the sustainable and healthy development of 
innovative older-adult care.

Chen (24) built a competent older-adult care comprehensive 
service platform and designed a conceptual model of the intelligent 
older-adult care supply chain to provide constructive suggestions for 
effectively integrating various elements such as older-adult care 
service node enterprises, older-adult care logistics, older-adult care 
fund flow, older-adult care information flow, etc., guiding and 
stimulating older-adult care demand, monitoring and improving 
older-adult care supply, and ensuring the realization of the value 
co-creation and value appreciation of older-adult care services. On 
this basis, design five mechanisms: integration mechanism, guidance 
mechanism, coordination mechanism, cooperation mechanism, and 
incentive mechanism to ensure the healthy, stable, and sustainable 
operation of the intelligent older-adult care service supply chain.

Dong (25) mentioned that with the development of older-adult 
care socialization and the increasing demand for older-adult care 
services, how to provide affordable older-adult care services has 
become a problem that the government and various fields of society 
must consider. Therefore, it is necessary to integrate resources from 
all parties reasonably, build an excellent older-adult care service 
supply chain that meets the needs of older persons, meet their 
older-adult care needs, improve their quality of life, and achieve the 
rational allocation of resources and the integrated development of 
the older-adult care machine logistics industry to avoid 
resource waste.

According to the construction of innovative older-adult care 
service supply chains by many scholars, they can be divided into four 
aspects: factors from policies, elements from the economy, factors 
from society, and factors from technology. Among them, the policy 
factors include Che and Zhou’s (26) improving the incentive 
mechanism, standardizing process management, and conforming to 
the evaluation and supervision criteria. Chen (24) proposed that 
enterprise qualifications should be  complete. Economic factors 
include Ma et al.’s (27) ensuring service profits. Liu (28) proposed that 
the quality of employees should be high. Dong (25) proposed that 
product quality is guaranteed. Social factors include Wang and Chen 
(29) indicated that the base of older-adult care entities is large. Shen 
(30) proposed that the current development situation should be rapid. 
Chen (24) proposed that there should be more social older-adult care 
enterprises. Shen (30) proposed that the target audience should have 
a higher level of acceptance. Technological factors include Zhu’s (31) 
proposal to promote the popularization of the Internet of Things. 
Demiris and Hensel (17) proposed the deepening of artificial 
intelligence. Song presented in 2022 that cloud computing responds 
quickly. Zeng and Hou (23) proposed that the scale of extensive data 
collection is large. Meng et  al. (22) proposed that mobile 
communication has broad coverage.

Based on the issues and current situation of the older-adult care 
service smart supply chain proposed by other scholars, this study 
defines the “older-adult care service smart supply chain” as: utilizing 
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advanced technologies and equipment such as the Internet of Things, 
the Internet, and intelligent devices, guided by the diverse and 
personalized needs of older-adult care service demanders. In order to 
coordinate the interests of all parties and bridge the supply–demand 
imbalance of older-adult care services, it utilizes logistics, capital flow, 
information flow, and service flow in the supply process of older-adult 
care services, organically connecting various functional older-adult 
care service providers, older-adult care service integrators, and older-
adult care service demanders. This older-adult care service smart 
supply chain would provide real-time, fast, efficient, and low-cost 
older-adult care service network structure for older-adult care service 
demanders. This article summarizes that the China older-adult care 
service smart supply chain is divided into four parts, as shown in 
Table 1.

Our current primary task is to effectively integrate modern 
information technology into the older-adult care service industry and 
e-commerce industry (33), create a smart supply chain system for 
older-adult care services (34), and apply it to older-adult care services 
in China to alleviate the aging problem in China effectively (16, 35, 
36). Through continuous innovation and in-depth study on the smart 

supply chain of older-adult care services in China, we can effectively 
solve older-adult care problems and promote the social older-adult 
care security theory in China, which has particular significance (37, 
38). The older-adult population is different from other groups and 
belongs to a relatively vulnerable group in society. Therefore, 
establishing a comprehensive China older-adult care service supply 
chain system can effectively improve the older-adult care service 
capacity in China (2).

By surveying staff serving the older-adult population in China, the 
supply chain system for older-adult care services in China can 
be further improved, thereby increasing the social security for older-
adult care in China (3, 39, 40). The older-adult population and staff 
serving older-adults should provide objective feedback on various 
information and indicators to make more sweeping changes and 
innovations to the smart supply chain system of older-adult care 
services based on the feedback content and improve the living 
standards of older persons (23).

2 Research design

The research aim of this article is to construct and evaluate 
the smart supply chain for older-adult care services in China. The 
research tries to analyze the smart supply chain system for older-
adult care services in China based on its four significant aspects 
of construction and propose reasonable suggestions to optimize 
the smart supply chain system for older-adult care services in 
China and alleviate the burden of older-adult care in China. This 
article mainly divides the smart supply chain system for older-
adult care services in China into four major parts, which are from 
four aspects: policy, economy, society, and technology. At the 
same time, the second level title is extended according to these 
four aspects. For example, policy elements include improvement 
of incentive mechanisms, integrity of enterprise qualification, 
standardization of process management, and consistency of 
evaluation and supervision criteria.

According to Dai et al. (41) and Zhang et al. (42), the Delphi 
method and IPA method are taken as the theoretical basis. The Delphi 
method is often used to clarify the outline of indicator systems (43). 
Many previous studies adopted IPA to evaluate their index systems. 
Such as in the academic field of education (44), internal public space 
quality in affordable housing (45), tourism (46), consumption (47), 
supply chain (48), and so on.

2.1 Delphi method

The primary indicators in this article include four indicators: 
factors from policies, aspects from the economy, factors from society, 
and factors from technology (30). Based on the four primary 
indicators, 16 are differentiated, and the secondary indicators 
correspond to the primary ones. Firstly, a preliminary survey 
questionnaire was designed and distributed to experts related to the 
research on the smart supply chain system for older-adult care services 
in China. Their processing results were obtained. Based on their 
processing results, the 80% pass rate indicator was retained, and 
indicators below 80% were modified until the pass rate exceeded 
80% (49).

TABLE 1 Establish an indicator system.

Factors from policies Improvement of incentive 

mechanism

(26)

Completeness of enterprise 

qualifications

(24)

Process management should 

be standardized.

(26)

The evaluation and 

supervision criteria should 

be consistent

(26)

Factors from economy Guaranteed service profit (27)

The quality of employees 

should be high

(28)

Product quality guaranteed (25)

Factors from society Large base of  older-adult care 

entities

(29)

The current development 

situation needs to be rapid

(30)

More social  older-adult care 

enterprises

(24)

The acceptance level of the 

target audience

(21)

Factors from technology The popularization of the 

Internet of Things

(31)

Deepening of artificial 

intelligence

(17)

Cloud computing responds 

quickly.

(32)

The large scale of extensive 

data collection

(23)

Broad coverage of mobile 

communication

(22)
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The selection methods for consulting experts in this article mainly 
include (1) practitioners engaged in China’s older-adult care services, 
(2) social research scholars engaged in researching the smart supply 
chain of China’s older-adult care services, and (3) school teachers 
engaged in researching the supply chain. Twelve experts were selected 
for the consultation questionnaire.

2.2 Questionnaire design and sampling

The questionnaire design in this article has two dimensions, one is 
importance, and the other is performance. Each index has 20 questions, 
totaling 40 questions. According to Zhao et al. (45), Likert’s 5-Point scale 
assessed the importance and performance of building an smart supply 
chain system for older-adult care services in China.

A survey questionnaire is a way to help obtain raw data, mainly 
expressed through standardized data and designed questioning 
methods, to achieve the purpose of the survey. This questionnaire 
is intended to construct an smart supply chain system for older-
adult care services in China, considering multiple factors such as 
research background and survey subjects and combining them with 
one’s research objectives. The survey in this study adopts a 
nonrandom sampling method, which is a judgmental sampling in 
nonrandom sampling. A questionnaire survey is distributed to 
individuals with specific experience or knowledge. As the research 
focuses on the construction and evaluation of the smart supply 
chain system for older-adult care services in China, to ensure the 
authenticity, reliability, and authority of the research results, the 
scope of the research object is determined to include relevant 
personnel studying the smart supply chain system for older-adult 
care services in China and workers participating in older-adult care 
services in China. Survey questionnaires were obtained through the 
online survey platform “Wenjuanxing.”

After the expert group discussed the survey questionnaire, it 
was believed that the overall content of the questionnaire design 
could build an smart supply chain system for older-adult care 
services in China, and the questionnaire was only distributed. The 
survey questionnaire was broadcast on November 29, 2022, and 198 
questionnaires were collected. All valid questionnaires were sorted 
and organized, and data entry and statistical analysis were 
conducted using the statistical software SPSS 24.0. The questionnaire 
was divided into two parts:

The first part is to investigate the problems related to each 
variable in the construction of the China older-adult care service 
smart supply chain system and put forward the relevant questions 
about the importance and performance of each variable to obtain the 
significance and expressiveness of each variable. The second part of 
the content should mainly investigate the questionnaire participants’ 
information, such as their age distribution, occupation, and years of 
work related to older-adult care services.

2.3 IPA statistical methods

Importance and Performance Analysis (IPA) is the analysis of 
participants’ perception of the importance and performance of a 

particular process to find ways to improve their satisfaction and 
loyalty (50). The primary purpose of the importance-performance 
analysis method is to provide the characteristics of the enterprise’s 
product or service quality, which can provide opportunities for 
continuous improvement. Therefore, participants must evaluate the 
importance and expressiveness of the product or service quality 
characteristics through questionnaires.

3 Research results

3.1 Descriptive statistical analysis

This survey questionnaire was officially conducted, and 198 copies 
were distributed. The specific population statistics are shown in 
Table 2. The result is in line with Zhong and Wang (51) and Wu (52). 
Such precious studies all conclude that talents in older-adult service 
industry are lack, low-education level, and significant differences in 
age structure. So the result questionnaire is representative.

TABLE 2 Demographics.

Variable Items Number of 
people

Percentage 
(%)

Gender
Male 88 44.44

Female 110 55.56

Age

Aged 

21-30-year-old
70 35.35

Aged 

31-40-year-old
54 27.27

Aged 

41-50-year-old
24 12.12

Aged 

51-60-year-old
26 13.13

Aged more than 

60 years old
24 12.12

Educational 

level

College/Junior 

College
106 53.54

Master’s degree 60 30.3

Doctor’s degree 32 16.16

Occupation

School Teacher 70 35.35

Enterprise staff 84 42.42

government 

agent
44 22.22

manager 60 30.3

Front-line staff 94 47.47

Government 

staff
44 22.22

Working 

experience

Less than 1 year 62 31.31

1–5 years 60 30.3

More than 

5 years
76 38.38
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3.2 Reliability and validity analysis

3.2.1 Reliability test
In this pre-survey, the importance and performance are divided 

into four levels: from the policy aspect, from the economic part, from 
the social aspect, and from the technical feature. Reliability analysis 
mainly evaluates the reliability of the overall questionnaire. The results 
of this study show that in terms of importance, the Cronbach’s α value 
is 0.949, while the value of performance is 0.987. The α value must 
be  at least greater than 0.5, and α value more excellent than 0.7 
indicates high reliability. The research results show that each level 
meets high-reliability criteria, so the measurement reliability of the 
importance and performance of this questionnaire is good. The test 
results are detailed in Table 3.

3.2.2 Validity test
Expert validity: Determine the final indicator by combining 

relevant research from previous scholars and scoring experts based on 
questionnaires. Content validity: Based on an extensive review of prior 
literature, various factors are summarized to form a survey 
questionnaire. Experts and scholars then graded and tested whether 
the questionnaire design conforms to the research topic. Experts and 
scholars assisted in the clarity, face validity, and content validity of the 
questions in this scale, which helped to make the seal more accurate. 
Therefore, 12 participants conducted a content relevance assessment 
on constructing an smart supply chain system for older-adult care 
services in China, evaluated the suitability between each cross-
sectional area and the measurement questions, and checked whether 
the questions represented the module. The items were added or 
reduced through expert discussions, merged or differentiated, and 
evaluated and revised. The initial questionnaire was formed. Then 
distribute the questionnaire. The questionnaire results have 
good validity.

3.3 IPA of the construction of China 
older-adult care service smart supply chain 
system

This paper uses IPA analysis to explore the expressiveness 
evaluation of each indicator for the construction of the China older-
adult care service smart supply chain system by taking the average of 
importance and performance as the dividing point, cutting the space 

into four quadrants on the X and Y axes, taking importance as the X 
axis and performance as the Y axis.

To present the importance and performance of each indicator in 
constructing the China older-adult care service smart supply chain 
system, this study revised the IPA analysis method studied by Chen 
(53), so the overall average value of the importance and performance 
of each indicator is taken as the standard to distinguish the four 
quadrants so that the extent and performance of each hand can 
be more intuitively compared. Therefore, the overall average value of 
4.06 of importance is taken as the X coordinate, and the overall 
average value of 4.15 of performance is taken as the Y coordinate as 
the central intersection point. A scatter diagram of four quadrants is 
made accordingly. See Table 4 and Figure 1 below for specific values.

The IPA analysis chart can be divided into four quadrants. The 
first quadrant is the “advantage zone,” indicating that constructing an 
smart supply chain system for older-adult care services in China is 
essential, and the results are satisfactory. Therefore, as long as the 
existing services are maintained, it is sufficient. The second quadrant 
is the “maintenance zone,” indicating that the construction of an smart 
supply chain system for older-adult care services in China only needs 
to continue to maintain this element without investing excessive 
resources to avoid resource waste. The third quadrant is the 
“opportunity zone,” the improvement factors in this quadrant are a 
secondary focus, indicating that this element is not very important 
and does not need to be urgently addressed. The fourth quadrant is 
the “repair area,” meaning that relevant personnel believe this aspect 
is essential in building an smart supply chain system for older-adult 
care services in China. Still, there has been no improvement, so 
priority must be given to improvement and strengthening.

4 Discussion

According to the analysis of the secondary evaluation indicators, 
in terms of policy, the importance of improving incentive qualification 
and process management in the smart supply chain system of China’s 
older-adult care service is not high. However, the performance is 
relatively high, which indicates that the current situation of China’s 
older-adult care is more suitable and only needs to continue to 
be maintained and improved. This result is consistent with Fang et al. 
(2). The consistent importance and performance of the criteria for 
evaluating and supervising innovative older-adult care services are not 
high. The above indicates that its proportion in the supply chain of 
innovative Chinese older-adult care services is unimportant and can 
be  postponed. The importance of improving the qualifications of 
older-adult care enterprises is relatively high. However, the 
performance is low, indicating that enterprises’ capability is still 
essential in innovative older-adult care services. The qualification of 
older-adult care enterprises is relatively neglected and needs attention. 
This result echoes to Rinkinen (54).

In terms of economy, the importance and performance of high-
quality employees and guaranteed quality of pension products are 
relatively high, which indicates that in the smart supply chain of 
Chinese innovative pension services, the quality of pension employees 
and products is currently in line with the status quo of pension in 
China. The results are consistent with Bao et al. (55) and satisfactory 
so that they can be maintained. The importance and performance of 

TABLE 3 Cronbach’s alpha scale pre-survey.

Layer Name Importance 
Cronbach’s α

Performance 
Cronbach’s α

From policy 

perspective
0.847 0.963

From economic 

perspective
0.872 0.938

From social 

perspective
0.860 0.946

From technical 

perspective
0.879 0.959
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the service profit guarantee of the older-adult care industry are 
relatively low. This paper believes that, at present, the intelligent older-
adult care service industry in China is in the initial stage of 
development, and the service profit obtained by it is at a low setting. 
It is still necessary to guarantee the most basic older-adult care 
service profit.

In terms of society, the large base of older-adult care subjects and the 
high importance and performance of the social older-adult care industry 
indicate that the current China older-adult care service smart supply 
chain system is still perfect for such a large number of older-adult care 
groups. The number of older-adult care enterprises in society is also 
increasing (6). To ease the burden of older-adult care, it needs to continue 
to be maintained. The rapid development of China’s intelligent older-adult 
care is of low importance but high performance, which indicates that the 
product of China’s innovative older-adult care service supply chain is in a 

relatively rapid stage of development (16). The importance of the 
acceptance of target objects is relatively high. Still, the performance could 
be  higher, which indicates that the acceptance of target objects to 
intelligent pensions is low. As previous studies pointed out, China should 
increase the publicity of intelligent pensions and the acceptance of target 
objects to smart pensions [e.g., (56, 57)].

In terms of technology, the importance and performance of the 
rapid response of cloud computing are relatively high, which indicates 
that the cloud computing of the Chinese intelligent older-adult care 
service supply chain is relatively fast and can perfectly solve the 
analysis of various data of China competent older-adult care. This is 
the same as the expression of Griebel et al. (58). Unlike the trend of 
environmental change, the deepening of artificial intelligence, the 
comprehensive coverage of mobile communication, and the large 
scale of extensive data collection are unimportant. However, the 

TABLE 4 The coordinate values of each index.

Level Indicators Importance X Performance Y Quadrant

Mean Standard 
deviation

Mean Standard 
deviation

Policy

1. Improvement of 

incentive mechanism
4.13 0.66 4.21 0.67 Second (−, +)

2. Completeness of 

enterprise qualifications
4.16 0.68 3.98 0.62 Fourth (+, −)

3. process management 

should be standardized
4.13 0.72 4.12 0.65 Second (−, +)

4. The evaluation and 

supervision criteria 

should be consistent

3.93 0.63 4.05 0.73 Third (−, −)

Economy

5. Guaranteed service 

profit
4.07 0.66 4.06 0.71 Third (−, −)

6. The quality of 

employees should 

be high

4.19 0.68 4.21 0.65 First (+, +)

7. Product quality 

guaranteed
4.36 0.73 4.11 0.63 First (+, +)

Society

8. Large base of older-

adult care entities
4.24 0.72 4.10 0.64 First (+, +)

9. Rapid development 

status quo
4.11 0.66 4.12 0.65 Second (−, +)

10. More social older-

adult care enterprises
4.18 0.61 4.15 0.63 First (+, +)

11. Acceptance level of 

the target audience
4.24 0.62 3.86 0.65 Fourth (+, −)

Technology

12. Popularization of the 

Internet of Things
4.22 0.64 4.01 0.75 Fourth (+, −)

13. Deepening of 

Artificial Intelligence
4.08 0.73 4.06 0.71 Three (−, −)

14. Cloud computing 

responds quickly
4.22 0.64 4.25 0.61 First (+, +)

15. Large-scale extensive 

data collection
4.15 0.61 4.06 0.62 Third (−, −)

16. Wide coverage of 

mobile communication
4.00 0.62 3.93 0.72 Third (−, −)
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performance is very high, which indicates that the three aspects of 
the China older-adult care service smart supply chain system perform 
well and can well solve the current older-adult care pressure in China. 
The importance of the popularization of the Internet of Things is very 
high. However, its performance is low, which indicates that although 
the Internet of Things is used very widely in the supply chain (59), it 
is not very popular in the smart supply chain system of China’s older-
adult care services. Therefore, the popularization of the Internet of 
Things needs to be strengthened to facilitate the life of the older-adult 
care groups in China.

5 Conclusion and suggestions

5.1 Research conclusion

This article analyzes and summarizes the four aspects of building a 
smart supply chain system for older-adult care services in China, namely 
from the policy aspect, from the economic part, from the social aspect, 
and from the technical aspect. We  identify the advantages and 
disadvantages of these four aspects to optimize the Chinese smart older-
adult care service system in the future. The main conclusion is to enhance 
the target audience’s acceptance of intelligent older-adult care. Only in this 
way can the China older-adult care service smart supply chain system 
develop more healthily. At the same time, it is necessary to strengthen the 
qualification review of older-adult care enterprises to prevent damaging 
enterprises from affecting the smart supply chain system of older-adult 
care services in China. For the Internet of Things, it is also necessary to 
make it more universal to ensure real-time supervision of older people’s 
health, life, and well-being.

5.2 Research implications

At present, the smart supply chain system for older-adult care services 
in China is in the initial stage of development and has excellent potential 

for growth in the future. In recent years, the country has attached 
increasing importance to older-adult care, which is not only a problem in 
China, but also a problem that needs to be solved nationwide and globally. 
By building an smart supply chain system for older-adult care services in 
China, it can effectively alleviate the pressure on older-adult care, better 
allocate resources, and rationalize their application. At the same time, this 
is also highly beneficial for the older-adult population, making their lives 
more convenient and allowing them to feel more happiness.

From the IPA analysis chart, it can be  seen that we  need to 
leverage our advantages to provide sufficient and high-quality older-
adult care service products and personnel from the supply side and 
make good use of cloud computing. We  must maintain industry 
incentive mechanisms and standardized management processes to 
respond to the rapidly growing market. Through the research on the 
older-adult care service smart supply chain system, it was found that 
we need to leverage our advantages to provide sufficient and high-
quality older-adult care service products and personnel from the 
supply side and make good use of cloud computing. Regarding the 
system, it effectively combines the two themes of “smart” and “older-
adult care” and synergizes the functional advantages of these two 
aspects. This not only conforms to the trend of the times and the 
current total coverage model of e-commerce but also is conducive to 
promoting the development of an smart supply chain in China, 
making the fields covered by general interest more diversified, 
increasing the integration of public welfare into the market, and 
continuously deepening the degree of benefiting the people. We must 
maintain industry incentive mechanisms and standardized 
management processes to respond to the rapidly growing market. For 
the opportunities in the older-adult care service market, the industry 
needs to grasp its pulse, establish sound evaluation criteria, and 
ensure that the service profits of the industry are guaranteed. The 
technological development of artificial intelligence, big data, and 
mobile communication should be  utilized more up-to-date. 
Practitioners should improve their professional qualifications and 
promote the new transformation of older-adult care services to target 
groups by popularizing the Internet of Things.

FIGURE 1

IPA analysis diagram of this research.
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Intelligent older-adult care supply should not only comply 
with the development trend of the times but also meet the 
practical needs of the older-adult population, Optimize and 
adjust the relationship between supply and demand. In terms of 
building intelligent older-adult care teams, a team management 
mechanism that integrates responsibility, power, and benefits 
should be established. Customers attach great importance to the 
service provided in the supply chain. In this regard, members 
should be encouraged to fight, show correct service concepts, and 
have a long-term perspective so that companies can share profits 
and risks in the intelligent older-adult care supply chain with a 
shared future.

5.3 Research limitations and future 
recommendations

Although this study has achieved some results, there are still 
certain research limitations. Firstly, in terms of methodology, this 
study only used IPA analysis as an analytical method and did not 
introduce other analytical methods, which may also lead to slight 
errors in indicator analysis (60). Secondly, this study is only based 
on a small portion of research data, which has significant 
limitations for China Province. Therefore, this paper suggests 
that future research should combine various research methods to 
explore the importance and performance of indicators to obtain 
more accurate data. At the same time, statistical analysis should 
be  conducted on the data from China to enhance 
its persuasiveness.
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Background: China has entered an aging society and will likely become the

fastest-aging country in the world. The demand for aging care services has greatly

increased. In recent years, the model of mutual aid for aging care has met the

needs of older adults, especially those in rural areas. In this case, how much time

should be spent on mutual aid for the older adult in terms of time and how much

influence the size of the group has in terms of space are two very important

questions when studying mutual aid for aging care.

Methods: An overlapping generations model is built in this article, which includes

representative agents, representative enterprises, the endowment insurance

system constructed by the government, and the behavior of representative agents

in mutual aid for aging care under the background of active aging.

Results: In the base case, the optimal proportion of time to participate in the

mutual aid group is 9.31%, and the optimal proportion of time is influenced by the

benchmark time of care and the size of the care group. With the increase in the

benchmark timeof care, the optimal proportion of time increases correspondingly,

but the increase is decreasing. With the increase in the size of the care group,

the optimal proportion of time decreases, but after the size reaches 4 or 5, the

impact becomes very small. When parents’ psychological preference coe�cient

changes from 0.1 to 0.9, that is, when parents change from introverted to

extroverted personalities, the optimal proportion of time and parents’ utility will

also change.

Conclusion: For children who usually take care of their parents for a long

benchmark time, the optimal time to participate in the mutual aid group based

on personal utility maximization is also long. Second, as the size of the group

increases, the time for representative agents to participate in the mutual aid group

gradually decreases. In addition, the model of mutual aid for aging care is highly

correlated with parents’ personalities, and extrovert parents benefit more from

this model.

KEYWORDS

mutual aid, aging care, time for care, the size of the care group, overlapping generations

model
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Introduction

There were 267 million people aged 60 or older in China at the

end of 2021, or 18.9% of the total population.1 China has entered

an aging society and will likely become the fastest-aging country

in the world. In this context, the demand for aging care services

has greatly increased. In recent years, aging care modes such as

neighborhood mutual aid courtyards, age-friendly communities,

and community day-care centers have gradually emerged in various

places. With the aggravation of the aging problem, the life care,

medical care, cultural education, and spiritual comfort of the older

adult have become important issues for them. The proportion of

the older adult is rising, and young people are flowing to the cities,

resulting in a more serious problem of aging care in rural China.

The traditional way of relying on family for aging care is weakening.

In recent years, the model of mutual aid for aging care has met the

needs of the older adult, especially those in rural areas, and this

model has also received the attention of the national civil affairs

department. For example, in Shaanxi Province, more than two older

adults spontaneously form a group, and the members are relatives,

friends, or neighbors. They have known each other for a long time

and are familiar with each other’s personalities, so they can form

a stable relationship. This group has 1–2 families at least and 4–

5 families at most.2 They either rent a house or use the house of

one of the members to take care of each other in life. In this mode,

their children no longer rely on themselves to take care of their

parents but take turns to provide care for these older adults. This

method not only reduces the time for children to take care of older

adults but also improves their happiness. Therefore, this model is

not only recognized by older adults in rural area, but many urban

older adults also go to rural areas for mutual support.

Living in a rapidly aging country, older adults in China pay

more attention to these issues of aging. Using the data from

the Chinese Longitudinal Healthy Longevity Survey, Zhang et al.

analyzed the accessibility of healthcare and find that the perception

of the older adult on medical care in China increased from 89.6

to 96.7% (1). In terms of medical and non-medical services for the

older adult, Di et al. evaluated the feasibility of home-basedmedical

services for the older adult (2), while Yu et al. analyzed the related

factors of non-medical services (3). The problems faced by the

older adult in medical and non-medical services are summarized as

insufficient information and economic burden by Atakro et al. (4).

For the sources of care, Boerner et al. analyzed the sources

and types of support in the daily lives of the older adult. The

results show that children are the primary source of support for

the older adult in daily life. Therefore, the older adult without

children received less help in general, and they are more likely

to ask friends or neighbors to help them with housework (5).

Sudo et al. analyzed four kinds of aging care policies in Japan

and pointed out that Japan’s community-based integrated care

system mainly has four key factors: self-help, mutual aid, social

solidarity care, and government care (6). These measures can

1 The data are sourced from the 2021 National Bulletin on the

Development of Aging Care. Available online at: http://www.nhc.gov.cn/lljks/

s10742/202210/e09f046ab8f14967b19c3cb5c1d934b5.shtml.

2 The data were sourced from relevant news reports on the Xinhua

Network.

provide experience for other aging countries. Hossain et al. revealed

the differences in gender, marriage, and other characteristics in the

use of gerontological services (7). In the context of filial culture,

Zang pointed out that when Chinese senior people choose the type

of care, the influence of filial culture is very important (8).

Mutual assistance for senior citizens can help them enjoy

life better, but whether they can successfully implement mutual

assistance depends on their willingness and acceptance. Yao et al.

evaluated the needs of the older adult in rural China formutual help

and found that senior citizens in rural areas have a high demand

for mutual help. Promoting mutual help is conducive to improving

the happiness of senior citizens (9). Long-term care institutions

are one of the most common ways to provide care services and

achieve mutual help for the older adult at this stage. Huang et al.

analyzed the influencing factors of whether older adults are willing

to enter long-term care institutions, and the results show that only

11.9% of the respondents were willing to enter long-term care

facilities to meet their medical needs. When choosing long-term

care institutions, most people are also more willing to enter those

institutions close to their families (10). Older adults represent the

largest consumers of health; through a cross-sectional study of 117

clients in an aging care facility in Australia, Hobden et al. pointed

out that senior people did not receive adequate patient-centered

care in the care facility (11). The empty-nest senior citizens receive

less care, and Qian et al. analyzed the willingness of these groups

for institutional care and found that empty-nest senior citizens

are more willing to accept care from institutions (12). Comparing

home-based care with institutional care, Wang et al. found that

family eldercare is the priority for older adults compared with

community-based and institutional eldercare (13).

Social support and mutual help not only solve various aging

problems faced by the older adult but also have an inevitable

impact on their health and wellbeing. Kim and Lee analyzed

the impact of social support on the health of the older adult

and pointed out that social support can improve the quality

of a healthy life (14). Bai et al. analyzed the impact of social

support on the older adult in rural China and pointed out

that telephone communication with children and accompanying

grandchildren can significantly improve the health of the older

adult in rural areas. It is necessary for young people to provide

emotional support to promote the health of the older adult

(15). Using the data from the China Longitudinal Aging Social

Survey, Li et al. also proved that intergenerational relationships

and family social support can significantly reduce depression

among Chinese senior citizens (16). In addition to the impact

on health, social support and mutual assistance for older adults

can also affect the wellbeing of senior citizens. Ryu and Heo

found that participation in volunteer activities can help improve

the happiness of old adults (17). Nanbu et al. analyzed the

impact of mutual assistance among rural residents on psychological

pressure, and the result indicated that self-help and mutual

assistance among senior citizens play an important role (18).

Murayama et al. analyzed the mental health of the older adult

in different situations such as family mutual aid, neighborhood

mutual aid, and no mutual aid, and the result showed that

mutual aid can effectively improve the mental health of the older

adult (19). These studies confirm that social support and mutual

help have a positive effect on the health and happiness of the

older adult.
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In terms of the model of mutual aid for the older adult,

different countries have formed a variety of models according to

their characteristics. Greenfield et al. analyzed the concept and key

issues of the American Age-Friendly Community Initiatives (AFCI)

and pointed out that AFCI can involve stakeholders from multiple

departments, which is conducive to the health and wellbeing of

the older adult (20). Xue and Chul analyzed the different mutual

aid models in various countries such as the Capitol Hill Village

in the United States, the Multi-generation House in Germany, the

Suzuki Club in Japan, and the Baba Yajia in France. In addition,

they also analyzed several models developed in the process of

exploring mutual aid for the older adult in China such as the Time

Bank in Jiangyan, the Xingfu Home in Feixiang, the Stronghold

Activities in Qingdao, and the Old Partners program in Shanghai

(21). Zhang and Yang compared different modes of community

aging care services in China (22), and Chen and Han focused on

the evolution of community aging care in Shanghai and put forward

recommendations for China’s growing aging care industry (23).

The above literature shows that family support andmutual help

play an important role in aging care. In the context of aging, the

increasing demand for care of the older adult and the decreasing

time of young children form a prominent contradiction. Therefore,

mutual aid for aging care has become the choice of more and more

families. By forming a group of several families to help each other,

on the one hand, senior citizens in a group can help each other as

much as possible, and on the other hand, children can respond to

common needs by taking turns on duty. In this case, how much

time should be spent on mutual aid for the older adult in terms of

time and how much influence the size of the group has in terms of

space are two very important questions when studying mutual aid

for aging care. The above two questions are answered by building a

model in this article.

Models

In the process of building an overlapping generations model,

it should be noted that these models often have similar structures

from the perspective of appearance; that is, these models are

set separately from the perspectives of representative agents,

representative enterprises, and governments, and then by setting

exogenous variables such as time preference, endowment insurance

contribution rate, and total factor productivity, the value of the

core variable can be solved, such as Yew and Zhang (24), Miyazaki

(25), and Yan (26). This structural similarity is characteristic

of the overlapping generations model. However, when studying

different economic problems, it is necessary to make the content

of the model different according to the different research objects

or influencing factors. For example, when studying the problem

of delayed retirement, it is necessary to consider the income of

representative agents after delayed retirement and the changes in

the income and expenditure of pension insurance funds faced by

the government in the model.

Themost basic overlapping generationmodel describes such an

economic phenomenon. The utility of a simple representative agent

only considers consumption in the young and gerontic periods,

and a representative agent works at a young age to earn income

and provide gerontic consumption through savings. Representative

agents can determine the duration of work and the amount of

savings, which determine the cost of the enterprise, namely the

amount of capital and labor. In this scenario, representative agents

and enterprises adjust their behavior through the invisible hand of

the market in order to maximize their own interests. Representative

agents choose the time they work and the amount of savings they

make, while representative enterprises choose the amount of labor

and capital they use. Representative agents will certainly increase

savings and working hours under high interest rates and high

wages, but representative enterprises will reduce demand because

of the high cost of using capital and labor, which will lead to

representative agents reducing their requirements for interest rates

and wages. Finally, market equilibrium is realized.

In this article, the overlapping generation model is used to

study the problem of mutual aid for aging care, and factors such

as the time to participate in the group, the utility of parents

with different personalities, and the working time should be

considered. Therefore, the logical flow for building the model is

as follows: First, representative agents, representative enterprises,

and government departments are considered in the model. The

problem that representative agents consider is how to maximize

their utility, which is related to their consumption in youth, their

consumption in old age, and their parents’ welfare. Representative

agents can choose how much they save, how long they care for

their parents, and how long they work to maximize their utility.

Second, representative enterprises pay attention to their profits.

They maximize their profits by selecting the amount of labor

and capital used. Third, the government is responsible for the

balance of income and expenditures in the endowment insurance

fund. Providing a higher pension can increase the welfare of the

representative agent, but it will also cause a gap in the fund, so

this also forms a constraint. Fourth, after the relevant parameters

are set, to achieve macroeconomic equilibrium, the value of the

time to participate in the mutual aid group can be calculated

under the constraints of labor market equilibrium, capital market

equilibrium, utility maximization, enterprise profit maximization,

and government pension fund balance. This value is the theoretical

optimal value under the above conditions, which can provide

theoretical guidance for mutual aid in aging care. Fifth, by changing

the parameters in the model, we can further analyze the impact of

these parameters on the optimal time, such as the size of a care

group and the parents’ personality preferences.

In view of the above considerations, this article constructs an

overlapping generations model that includes representative agents,

representative enterprises, the endowment insurance system

constructed by the government, and the behavior of representative

agents in mutual aid for aging care under the background of

active aging. In the overlapping generation model to be constructed

below, the influence of the time of participation in mutual aid and

the size of the mutual aid group is analyzed by considering the

behavior changes after participating in the mutual aid group of the

representative agents.

Representative agents

The representative agents experience two periods of youth and

old age. In youth, agents spend a certain amount of time working

to obtain income for consumption and saving. Working time is
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affected by caring for the older adult. The more time young people

spend caring for their parents, the less time they are able to work. In

old age, agents consume their savings from their youth and receive

their old-age pensions. Under the gradually grave background of

the problem of an aging population, more and more families begin

to seek mutual aid with the increase in dependency ratio, that is,

the children of several families gather older adults of each family

together and take turns to provide care. Taking the mutual aid

model in Shaanxi Province described in the “Introduction” section

as an example, this article considers the behavior of representative

agents taking care of older adults, in turn, when they are young.

In this way, these families can help each other. On the one hand,

the older adult can get better care. On the other hand, the younger

generation can also take turns to satisfy the common requirements

of older adults from different families because of mutual aid, thus

reducing the total time for aging care. In addition, taking care of

parents can take up both work time and leisure time, and mutual

aid for aging care often has a certain institutional nature, which

inevitably takes up work time. Individuals cannot earn income

through work during their leisure and care time, so there is no

economic difference between the two. Considering that this article

analyzes from the perspective of economic utility, the care time

studied in this article is the part that occupies work time and

thus affects personal economic utility. According to the above

conditions, the budget constraint equations of representative agents

in youth and old age are obtained. The consumption C1,t of the

young generation at time t is subject to the following constraints:

C1,t = (1− (1+ ρt) · θ + ϕ · ρt · θ) · wt · (1− τ )− st (1)

where θ is the time that representative agents only take care of

their own parents. In this case, the working time is 1 − θ , ρt is

the extra time required to pay after participating in mutual aid,

which is a certain proportion of θ , ϕ is the size of a mutual aid

group for aging care. After participating in mutual aid projects,

the time spent by agents to care for older adults is the sum of θ

and ρt · θ , that is, (1 + ρt) · θ . However, since some common

requirements can be met by caring for older adults, in turn, under

the mode of mutual aid for aging care, representative agents can

gain ϕ · ρt · θ time by participating in a mutual aid group of

ϕ families. Finally, the working time of representative agents is

1− (1+ρt) · θ +ϕ ·ρt · θ . wt is the salary of the younger generation

at time t, τ is the contribution rate of pension insurance, and st
is the savings of the younger generation at time t. Equation (1)

shows the consumption of representative agents in their youth. In

this formula, the benchmark working time minus the time to care

for parents is the actual working time. The actual working time

multiplied by the wage per unit time wt is the wage, but the agents’

disposable income needs to be paid for the endowment insurance at

the ratio of τ . Finally, disposable income is divided into two parts,

one is for saving for the gerontic, and the rest is for consumption.

The younger generation at time t is the older generation at

time t + 1, their consumption C2,t+1 in old age is subject to the

following constraints:

C2,t+1 = st · Rt+1 + It (2)

where Rt+1 = 1+ rt+1, rt+1 is the interest rate of savings, and It is

the pension received from the government at time t. Equation (2)

shows the consumption of representative agents in their old age.

The consumption in old age comes partly from savings in young

age and partly from the pension.

According to the basic idea of the overlapping generations

model, the representative agents’ utility is affected by the

consumption C1,t in their youth and the consumption C2,t+1 in

their old age. Moreover, since the number of children and human

capital are introduced into the utility function when studying the

birth rate and education, this article draws lessons from these

literatures, and the utility of parents P is introduced into the utility

function when this article studies the issue of parents’ old-age

care. The utility of representative agents can be expressed by the

following utility function:

U = ln(C1,t)+ β · ln(C2,t+1)+ γ · ln(P) (3)

where β is the discount rate of time, γ is the representative agents’

preference for parents, and P is the utility of parents. According to

the APIM model used by Kenny and Cook (27) and Rippon et al.

(28), when parents are dominated by partner effects, they prefer to

wait with their children, while when they are dominated by actor

effects, they prefer to stay with more people. The utility of parents

can also be written in Cobb-Douglas form:

P = ϕλ
· [(1− ρ · ϕ)θ + ρ · θ]1−λ

where λ and 1–λ are parents’ psychological preferences. The larger

the value of λ is, parents are more affected by the actor effect, which

means that the more people there are, the more satisfied parents

will be. In this article, the larger the size ϕ of a mutual aid group, the

more satisfied the parents will be. The smaller the value of λ, that is,

the larger the value of 1–λ, indicating that parents are more affected

by the partnership effect, whichmeans that parents aremore willing

to get along with their children. Equation (3) shows the utility of

representative agents. They pay attention to their consumption in

their youth, their consumption in old age, and their parents’ utility.

Changing the amount of savings and the time to care for their

parents can change their utility. To calculate the optimal proportion

of time, the value of the proportion of time is analyzed under some

constraints to achieve the maximum utility.

The optimal choice faced by representative agents is to

maximize utility under the constraints of Equations (1) and (2):

maxU = max[ln(C1,t)+ β · ln(C2,t+1)+ γ · ln(P)]

By solving the personal optimal utility Equation (3) under the

constraints of Equations (1) and (2), the partial derivatives of ρt

and st are obtained. Under optimal conditions:

(ϕ − 1)θwt(1− τ )

C1,t
+ γ

(1− ϕ)θ(1− λ)

P
= 0 (4)

−
1

C1,t
+ β

Rt+1

C2,t+1
= 0 (5)
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Then, optimal personal savings st and optimal time ratio ρt for

mutual aid are calculated by simultaneously solving Equations (4)

and (5):

ρt =
st(γ − γ λ) + wt[−θ + γ (−1 + 0)(−1 + λ)](−1 + τ )

wt[−1 + γ (−1 + λ)](−1 + τ )(−1 + ϕ)
(6)

st =
It + Rt+1wtβ(−1+ τ )(1+ θ(−1+ ρt(−1+ ϕ)))

Rt+1(1+ β)
(7)

Representative enterprises

According to the method of analyzing the representative

enterprise based on the overlapping generations model,

this article sets that the enterprise has a C-D production

function and that the output of the enterprise Yt is determined

by capital and labor. The specific production function is

as follows:

Yt = AK
φ
t [(1− (1+ ρt) · θ + ϕ · ρt · θ)Lt]

1−φ (8)

where Yt is the output level of the economy, A is the total factor

productivity, representing the level of technological progress in

the economy, Kt is the capital stock in the economy, and the last

part is the product of the number of young people and working

hours, representing the quantity of labor in the economy. and

1 − φ are the share of income from capital and labor, respectively.

Given the interest rate and wages, enterprises can choose the

quantity of labor and capital to maximize their profits. Formula

(8) shows the output of the enterprise. The output depends on the

input of capital stock and effective labor. When considering the

problem of mutual aid for aging care, effective labor according to

working hours is used, and other parts are set according to the

traditional model.

According to the settingmethod of capital depreciation by Fanti

and Gori (29) and Li and Lin (30), the depreciation rate is set as 1

in this article, and the profit πt of the enterprise is

πt=AK
φ
t [(1− (1+ ρt) · θ + ϕ · ρt · θ)Lt]

1−φ

−Rt+1 · Kt − wt(1− (1+ ρt) · θ + ϕ · ρt · θ)Lt (9)

Equation (9) shows the profit of the enterprise.

The first part on the right side of the equation

is the output, and the two parts subtracted are

the cost of capital (interest) and the cost of labor

(wages). According to Equation (9), the problem

faced by enterprises is also transformed into how to

maximize profits by adjusting the amount of labor and

capital used.

The output of per labor yt and the capital of per labor kt can

be calculated by dividing both sides of Equation (9) by the effective

labor (1−(1+ρt)·θ+ϕ ·ρt ·θ)Lt , and equation (8) of the production

function can be written as yt = Ak
φ
t .

By solving the problem of maximizing the profit, the following

equation is obtained:

Rt+1 = A · φ · k
φ−1
t (10)

wt = A(1− φ)k
φ
t (11)

Endowment insurance system

The government is responsible for maintaining the balance

of income and expenditure in the endowment insurance funds.

Referring to the model of Miyazaki (25), the pay-as-you-go

endowment insurance model is constructed, and the endowment

insurance fund paid by the younger generation is allocated to

retired older workers. To maintain the balance of income and

expenditure of the endowment insurance fund, the following

constraints need to be met:

Lt · It = (1− (1+ ρt+1) · θ + ϕ · ρt+1 · θ) · wt+1 · τ · Lt+1 (12)

where Lt is the number of young people at time t, and the

left side of Equation (12) represents the pension received by the

young representative agent after entering old age. The right side of

Equation (12) represents the total pension insurance paid by the

younger generation at time t+1. Under the pay-as-you-go system,

the left and right sides of Equation (12) are equal. Equation (12)

shows the constraints faced by the government, that is, the balance

of income and expenditure of the pension insurance fund. To

achieve the balance of pension insurance funds, the contribution

rate of pension insurance and the level of insurance payment should

be restricted. The following equation is obtained by dividing both

sides by Lt :

It = (1− (1+ ρt+1) · θ + ϕ · ρt+1 · θ) · wt+1 · τ · nt (13)

where nt is the fertility rate, that is, nt = Lt+1/Lt . In Equation

(13), the constraints faced by the government are expressed in per

capita form by introducing the birth rate, but the significance of

this equation is still that the government should achieve the balance

of income and expenditure on pension insurance by changing the

contribution rate and payment level.

Macroeconomic equilibrium

In this model, the macroeconomic equilibrium means that

given the initial capital K0, the representative agent in the

economy chooses variables
{

C1,t ,C2,t+1, ρt , st
}

, so that the capital

and labor
{

Kt , (1− (1+ ρt+1) · θ + ϕ · ρt+1 · θ)Lt
}

, the prices of

production factors {rt ,wt}, and pension insurance {τ , It} meet the

following conditions:
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1. Under the conditions that the prices of capital and labor {rt ,wt}

and the policies of pension insurance {τ , It} are determined,

representative agents maximize their own welfare by choosing

their consumption in two periods, savings in their youth, and

time to participate in a mutual aid group.

2. Under the premise that the prices of production factors {rt ,wt}

are given, representative enterprises maximize their profits by

selecting the amount of capital and labor.

3. The equilibrium of the labor market is realized, that is, the

labor supply of young people equals the demand of enterprises

for labor.

4. The equilibrium of the capital market is realized. The supply of

capital in the economy is equal to the demand for capital, that

is, the total amount of savings is equal to the total amount of

capital, that is:

Kt+1 = st · Lt (14)

Both sides of Equation (14) are divided by effective labor, and

the dynamic accumulation equation of per capita capital can be

obtained as follows:

Kt+1 =
Kt+1

(1−(1 + ρt+1)· θ +ϕ · ρt+1· θ)Lt+1
=

st
(1−(1 + ρt+1)· θ +ϕ · ρt+1· θ)nt

(15)

5. The income and expenditures of the endowment insurance fund

are balanced. The income of the endowment insurance fund is

equal to the expenditure of the endowment insurance fund; that

is, Equations (12) and (13) are satisfied.

According to these constraints set in this section, representative

agents can choose the time to participate in a mutual aid group

and save in their youth to maximize the utility. However, the

price of labor and the income and expenditure of endowment

insurance need to be given. Similarly, after the capital price and

labor price are given, representative enterprises can also maximize

profits by selecting the amount of labor and capital used. Based

on the equilibrium of the capital market and labor market, the

interest rate and wage level that can realize market clearing are

obtained. Interest rates and wages, in turn, provide constraints for

representative agents and enterprise decision-making. Therefore,

the equilibrium analysis has also become the key to solving the

overlapping generation model.

General-equilibrium analysis

The production function in this article is assumed to be a

neoclassical production function, without considering exogenous

technological progress. When the economy converges to the steady

state, the equations kt+1 = kt = k∗ and nt+1 = nt = n∗

are satisfied.

Combining the above conditions, the following equation can be

obtained by substituting Equations (6)–(13) into Equation (15):

k∗ =
n∗[φ − τ (φ − 1)]

A · β · φ(φ − 1)(τ − 1)
(16)

According to the equilibrium state calculated by Equation (16),

comparative static analysis can be performed. Equation (16) shows

the capital level under the equilibrium state. This result represents

the equilibrium of the capital market and the labor market. After

these are given, the optimal values of the representative agent

utility maximization and the enterprise profit maximization can

be calculated.

Parameters setting and numerical
simulation

Parameters setting

According to the existing literature and the actual situation in

China, the relevant parameters in the above model are set. In terms

of setting two periods of 30 years, the reasons are as follows: Based

on the Statistical Bulletin of China’s Health Development in 2021

issued by the National Health and Health Commission, the average

life expectancy of Chinese residents reached 78.2 years in 2021, an

increase of 0.27 years compared with 77.93 years in 2020. Therefore,

this article assumes that the representative agents will live to 80

years old and receive education before the age of 20 years, and then

experience 30 years of youth and 30 years of old age, consistent

with the setting of Yan (26). The setting of other parameters and

the reasons are as follows:

(1) Time for representative agents to take care of their parents.

By mutual aid, representative agents can form a group to take

care of each other’s parents and reduce the total time spent

on care. The benchmark care time θ in this article is the

time for representative agents to take care of their parents

without mutual aid. Referring to the results of Jing et al. (31),

the benchmark care time θ is set to 0.38. Considering the

importance of the parameter θ , the sensitivity analysis is carried

out later.

(2) Contribution rate of pension insurance τ . According to the

provisions of the No. 38 Document in 2005 and the No. 13

Document in 2019 issued by the State Council, employees pay

endowment insurance at 8% of their wages and deposit it into

their own accounts, and the enterprise pays the endowment

insurance at 16% of the employee’s wages and deposits it in the

social pooling account. Since the part of the personal account

will only be distributed to the individual, the personal account

is equivalent to the savings in this article, and only the part paid

by the enterprise is the pension insurance named pay-as-you-

go pension insurance. In view of this, the contribution rate for

pension insurance τ is set at 16%.

(3) Discount rate of time β . The discount rate of time β reflects the

utility level of representative agents’ intertemporal consumption

discounted to the current period in the model. The smaller

this parameter is, the more attention is paid to consumption

at a young age. According to Pecchenino and Pollard (32), the

discount rate is 0.98 per year. The two periods of the model built

in this article are 30 years each, so the discount rate of time in

this article is 0.9930 ≈ 0.74.

(4) Representative agents’ preference for parents γ . γ indicates the

degree of emphasis on parents and themselves. According to
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Yan (26), children’s attention to their parents’ utility is similar

to that of their own utility. Therefore, this article assumes

that individuals have the same degree of preference between

themselves and their parents, that is, γ=1.

(5) Total factor productivity A. Different experts and scholars

have different estimates of China’s total factor productivity. For

example, Wang calculated China’s total factor productivity as

7.47 based on China’s 30 years of historical experience data

(33), Lu and Lian estimated that the total factor productivity of

China’s provinces is between 3.56 and 4.68 (34), Kang and Chu

calculated that the result is 2.05 (35). The average of the highest

and lowest values is set as the value of total factor productivity,

that is, A = 4.8. In addition, through sensitivity analysis on the

value of this parameter, its value does not affect the value of the

core variable.

(6) Share of capital φ and share of labor 1 − φ. Guo and Ren (36)

and Liu et al. (37) calculated the share of capital and labor in

China, and the results show that the share of capital in China is

basically 0.3–0.5. Therefore, 0.4 is taken as the share of capital in

this article, and the share of labor is 0.6.

(7) Fertility rate n. According to the data of the China Statistical

Yearbook, the fertility rate has dropped below 1% since 2020.

According to the fertility rate in the 2021 National Economic

Statistics Bulletin issued by the National Bureau of Statistics, the

annual fertility rate is set at 7.52‰, so n = (1+ 0.00752)30 =

1.25.

(8) Size of group ϕ. The parameter ϕ is a key point of this study. ϕ is

a positive integer and ϕ > 1, that is, at least two or more families

form a mutual aid group for aging care. Moreover, limited by

time and space constraints such as the number of acquaintances,

the number of nearby residents, energy, and ability, the size of

the group cannot be unlimited. In view of this, the benchmark

size of the group is selected as 5, and the sensitivity of this

parameter is analyzed later.

(9) Parents’ psychological preference λ. Parents’ psychological

preferences reflect their characters. Outgoing parents prefer to

communicate with more people, so they prefer a larger group

size. Some parents prefer to get along with their children, so they

prefer their children’s company. Different parents have different

psychological preferences. The parents whose preference λ is

equal to 0.5 are defined as the neutral group, and the two

motivations of the neutral group are the same and can be

replaced by each other. The parents whose preference λ is <0.5

prefer to stay at home with acquaintances, which are called

introverted parents, while the parents whose preference λ is

>0.5 prefer to communicate with more people and participate

in the mutual aid group, which are called extroverted parents.

The neutral group is taken as the benchmark for analysis in this

article. In addition, the effects of different preferences on the

welfare of the older adult and the optimal time for children to

participate in the mutual aid group are also analyzed.

Numerical simulation results

By substituting the benchmark values of the parameters into the

model, the optimal time for representative agents to participate in

FIGURE 1

The impact of the benchmark time θ on the optimal proportion of

time ρ.

the mutual aid group is calculated. In the base case, the optimal

proportion of time is 9.31%, which means representative agents

need to spend 0.035 time in the mutual aid group when the

benchmark care time θ is set to 0.38. In other words, this alsomeans

that representative agents’ parents can enjoy the care provided by

the other four members, each of whom provides 0.035 time. From

the perspective of working hours, if the representative agents only

take care of their own parents, the working time 1− θ is 0.62 in the

base case. After participating in the mutual aid group, the working

time of representative agents is 0.76, increased by 0.14. The annual

interest rate in the overlapping generations model is 3.30%.

Sensitivity analysis

In the study of mutual aid for aging care, two of the most

important parameters are the time for representative agents to take

care of their parents θ and the size of the group ϕ. These two factors

affect the optimal proportion of time ρ through the benchmark care

time θ in the time dimension and the size of the group ϕ in the

space dimension. Therefore, the impact of these two factors on the

optimal proportion of time ρ is analyzed as follows.

Sensitivity of the time for representative
agents to take care of their parents θ

Based on the principle of “everyone for me, I for everyone”,

participating in a mutual aid group can reduce the time for

representative agents to take care of their parents. The benchmark

care time θ is set to 0.38 in the parameter setting above, and the

optimal proportion of time ρ is calculated as 9.31%. Considering

that the time for representative agents to take care of their parents

may be different, the sensitivity of the impact of θ on ρ is analyzed.

The impact of different benchmark care time θ for representative

agents to take care of their parents θ on ρ is shown in Figure 1.

It can be seen from Figure 1 that with the increase of θ ,

the proportion increases correspondingly, but the increase is

decreasing. When the time for representative agents to take care

of their parents θ is 0.2, the optimal proportion of time ρ is
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FIGURE 2

The impact of di�erent size ϕ on the optimal proportion of time ρ.

only 1.15%. When θ is 0.25, the optimal proportion of time

increases to 5.13%, an increase of 3.98%. When θ increases

from 0.45 to 0.5, the optimal proportion of time ρ increases

from 11.75 to 13.08%, an increase of 1.33%. The growth rate

obviously shows a decreasing trend. It can be found that the

longer the benchmark time for representative agents to take

care of their parents, the heavier their burden of taking care of

their parents is. Therefore, these representative agents will also

participate more actively in the mutual aid group to obtain more

returns. However, with the increase of θ , the time to participate

in the mutual aid group increases, but the marginal impact

is reduced.

Sensitivity of the size of group ϕ

The size of the group is also an important factor. Since a group

needs at least two families to form, the minimum size of the group

ϕ is set at 2. Due to the limitations of communication scope, space

distance, and personal ability, it is not practical to set up a very large

team, and the largest size is set at 8 in the sensitivity analysis. The

impact of different size ϕ on ρ is shown in Figure 2.

It can be seen from Figure 2 that with the increase of ϕ, the

proportion ρ decreases. If there are only two families in the group,

representative agents need to spend 37.25% of their benchmark care

time θ to participate in themutual aid group. If the size of the group

ϕ increases to three families, the proportion decreases to 18.62%.

With the increase in size, the proportion ρ continues to decline.

When the team size reaches eight, the proportion ρ is only 5.32%,

showing a significant downward trend. In terms of the downward

trend, with the increase in the size of the group, the decline speed

of ρ slows down. When the size of the group increases from 2

to 3, ρ decreases by 18.63%, whereas when the size of the group

increases from 7 to 8, it only decreases by 0.89%, which means that

the marginal impact of reducing ρ will be smaller when the size

reaches a certain degree. Limited by the various factors mentioned

above, the larger the group, the better. The benchmark size is set at

five, and the size of the group [[Mathtype-mtef1-eqn-154.mtf]] only

decreases from 9.31 to 7.45% if the size increases to six, a decrease

of 1.86%. Considering that in this case, the impact of continuing

to increase ϕ is relatively small, but there are many difficulties in

FIGURE 3

The impact of the benchmark time θ and the size ϕ.

increasing ϕ in reality, so the setting of parameter in this article

is reasonable.

The combined e�ect of θ and ϕ

To intuitively reflect the impact of θ and ϕ on the optimal

proportion of time ρ, the optimal proportion of time ρ for

representative agents to participate in a mutual aid group when the

two parameters θ and ϕ are changed, as shown in Figure 3.

It can be seen from Figure 3 that the impact of θ and ϕ on the

optimal proportion of time ρ is the same as the trend when only one

parameter changes, that is, the longer the benchmark time θ , or the

larger the size of group, the longer the representative agents choose

to participate in the mutual aid group. In addition, increasing the

benchmark care time θ in a small group or increasing the size of

the group ϕ at a lower base time has a small impact on the optimal

proportion of time ρ. Only when both and ϕ are at an appropriate

level, the optimal proportion of time will be at a high level.

Further analysis of parents with
di�erent preferences

In this article, the neutral group with λ = 0.5 is selected as the

benchmark. According to the APIM model, the influence of the

partnership effect and actor effect on the utility of such groups is

not different, and these two effects can replace each other. However,

there are differences in parents’ preferences. Extroverted parents

prefer to communicate with more people, so increasing the size of

the group can increase its utility. Introverted parents are different

from extroverted parents, and enjoying the care of their children

can increase their utility. From the perspective of personal utility

maximization, the optimal proportion of time ρ varies with parents’

preferences. The change in optimal proportion of time ρ based

on the maximization utility (parameter of parents’ psychological

preference λ increased from 0.1 to 0.9) is shown in Figure 4.

It can be seen from Figure 4 that with the increase in parents’

psychological preference λ, the partner effect of parents becomes

stronger, and the optimal proportion of time ρ selected by children
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FIGURE 4

The impact of parents’ psychological preference λ on the optimal

proportion of time ρ.

based on the maximization of utility is longer. That is to say, the

children of extroverted parents have a longer optimal proportion of

time ρ to participate in a mutual aid group, which matches their

intuitive expectations. This is because extroverted parents prefer

to participate in a mutual aid group, and their children will also

pay more attention to taking care of the older adult by relying on

mutual aid groups. When parents’ psychological preference λ is

0.1, they tend to let their children take care of them. In this case,

to maximize utility, the optimal proportion of time ρ of children

is 1.29%. This result shows that for extremely introverted parents,

their children tend to choose less time for mutual aid groups.When

parents’ psychological preference λ is 0.9, parents like to form

groups to enjoy aging care, and the optimal proportion of time ρ

of children has increased to 21.12%, which means that extroverted

parents’ children will spend more time in mutual help groups. In

terms of the degree of increase, with the parents’ psychological

preference λ getting bigger, the marginal added value of ρ is also

increasing. When the parents’ psychological preference λ increases

from 0.1 to 0.2, the optimal proportion of time ρ of their children

increases from 1.29 to 1.91%, an increase of 1.75%. When the

parents’ psychological preference λ increases from 0.8 to 0.9, the

optimal proportion of time ρ increases from 17.68 to 21.12%, an

increase of 3.44%. The comparison of the two results reflects that

children of extroverted parents not only have a longer optimal

proportion of time ρ, but also have a greater marginal impact.

For parents with different preferences, extroverted parents,

neutral parents, and introverted parents have different preferences

for the size of the group, so the children of these three types

of parents will have different optimal proportions of time to

participate in a mutual aid group. To reflect the influence of the

size of the group with different preferences, 0.3, 0.5, and 0.7 are

selected as representatives of introverted parents, neutral parents,

and extroverted parents, respectively. The impact of size on the

optimal proportion of time from the perspective of children and the

impact on the utility of older adults from the perspective of parents

are analyzed, respectively. The impact of different sizes on ρ for

parents with different preferences is shown in Figure 5.

The three curves in Figure 5 show the optimal proportion

of time ρ for children to participate in the mutual aid group

when facing parents with different preferences. On the whole,

FIGURE 5

The impact of the size ϕ on the optimal proportion of time ρ for

parents with di�erent preferences.

FIGURE 6

The impact of the size ϕ on the utility of parents P for parents with

di�erent preferences.

whether introverted parents, neutral parents, or extroverted

parents, with the increase in the size of the group, more children

will participate in the group, and the optimal proportion of time

ρ for children to participate in the mutual aid group will also

decrease. Moreover, whether introverted parents, neutral parents,

or extroverted parents, the marginal impact of increasing size on

their children’s optimal proportion of time ρ decreases. From

the comparison of the three groups, the optimal proportion

of time ρ for children with extroverted parents is higher than

that of children with introverted parents and neutral parents.

However, as the size of group increases, the difference in

becomes smaller.

From the perspective of parents’ utility in their old age P, the

size of the group also has different effects on the utility of parents

with different preferences. The impact of different sizes on P for

parents with different preferences is shown in Figure 6.

It can be seen from Figure 6 that no matter what kind

of parents they are, their utility increases with the increase in

group size. This is because the increase in size means that

parents can enjoy more care. However, due to the different

preferences of parents, they have different utilities through

Frontiers in PublicHealth 09 frontiersin.org291

https://doi.org/10.3389/fpubh.2023.1196411
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Yu et al. 10.3389/fpubh.2023.1196411

the mutual aid group. The mutual aid group naturally has a

communication function, so compared with neutral parents and

introverted parents, extroverted parents can get more benefits

from the mutual aid group. When the size of the group is

small, the gap between the utility of extroverted parents and

the other two groups is small. With the increase in the size

of the group, extroverted parents get more satisfaction, so the

gap expands.

Conclusion and suggestions

Through the above analysis, the following main conclusions are

drawn. First, for children who usually take care of their parents

for a long benchmark time, the optimal time to participate in the

mutual aid group based on personal utility maximization is also

long. However, with the increase in benchmark time, the added

value decreases. Second, as the size of the group increases, the time

for representative agents to participate in the mutual aid group

gradually decreases. When the size of the group is small, increasing

the size of the group can quickly reduce the time for children to

participate in the mutual aid group. However, when the group

size reaches a certain level, the impact of continuing to increase

the size becomes smaller. The impact of group size shows that, if

possible, forming a larger group will be more conducive to reducing

the care time of children. From the actual situation in Shaanxi

Province, China, if the size of most mutual aid groups at this stage

only includes 2–3 families, there is no doubt that the group size

has the motivation to expand. Third, the analysis of parents with

different preferences shows that the more extroverted parents are,

the longer their children participate in the mutual aid group. This

result shows that the model of mutual aid for aging care is highly

correlated with parents’ personalities. Sincemutual aid has a natural

social attribute, this model is more friendly to people who like to

socialize. On the one hand, this result explains the importance of

letting the older adult participate in social activities, and on the

other hand, it also explains why the mutual aid group should be

composed of relatives, friends, and neighbors. Fourth, for children

of parents with different personalities, the children of extroverted

parents participate in the mutual aid group for a longer time

than the children of introverted parents and neutral parents. For

parents with different personalities, extroverted parents get more

benefits from mutual aid for aging care, while neutral parents and

introverted parents get fewer benefits from mutual aid for aging

care. This result shows that when children contribute the same

amount of time to mutual support, the benefits of parents with

different personalities are different. To increase benefits, children

have the motivation to encourage their parents to engage in more

social activities, which can make parents feel happy more easily.

Based on the conclusions, the following suggestions are

proposed. First, the government should provide convenience in

place, time, and other aspects of the mutual aid for aging care

and promote more families to participate in the mutual aid group.

At present, older adults mainly rent a house or use the house of

a group member as a place for mutual support in China, which

limits the motivation for mutual aid. If the government can provide

a place, it will certainly promote more people to participate in

mutual aid. In rural China, as young people enter the cities,

there are many idle houses. If the government can rent these idle

houses to provide a place for the older adult, which can reduce

the government’s expenditure on building nursing homes, it is

undoubtedly beneficial to all parties. In addition, compared with

the spontaneous formation of a group by the older adult, it is easier

to expand the group size if the government provides a place for

mutual aid, and a larger group size means that children need to pay

less time.

Second, the community should increase senior citizen sports

centers, encourage more older people to participate in social

activities, eliminate social fears of introverted older people, and

increase the welfare of older people through mutual aid. Because

extroverted parents are more able to benefit from mutual aid,

providing community activities to promote communication with

others will increase the benefits obtained without increasing input

by improving personality. In Singapore, the government has

extensively carried out the “Leling Movement” and established

Leling clubs in every community. The older adult can enjoy health

examinations, birthday celebrations, tourism, and other services

in the club. The club has a ceramic art room, a martial arts hall,

a wine mixing room, a fitness room, a band room, a painting

room, and so on. There are fixed areas for all kinds of activities.

Every older person who comes to the community to participate

in activities can make friends according to their hobbies. Learning

from relevant practices and enhancing the enthusiasm of the older

adult to participate in activities will not only directly promote their

happiness, but also indirectly increase the benefits of mutual aid for

aging care.

Third, children who are responsible for supporting their

parents should be encouraged to participate more actively in the

mutual aid group. The mutual aid awareness of “everyone for me, I

for everyone” should be enhanced so that children and parents can

benefit from actively participating in mutual aid. The enthusiasm

of individuals to participate in mutual aid groups is affected by

many factors. Being able to realize that participating in mutual aid

can increase the benefits of individuals and families is the basis,

and enhancing the sense of responsibility provides motivation

for participating in mutual aid. The sense of responsibility can

come from voluntary or from relevant regulations. The model of

“Time Bank” in Switzerland provides a good reference. Young

people can deposit their time in the time bank by participating

in voluntary service and getting a period of service in their

old age. In this way, to meet the needs of their old age, the

responsibility of young people is enhanced. Referring to the model

of the “Time Bank”, improving the management of the time

bank and scientifically calculating the conversion amount of time

are of great significance for the development of mutual aid for

aging care.

This article analyzes the optimal proportion of time for children

to participate in mutual aid and the sensitivity analysis of the

benchmark care time and the size of the group is carried out. It

is positive to solve these key problems in mutual aid for aging

care, and it is also helpful to solve the aging problem in China.

However, this article does not consider the differences between

the care provided by their children and the care provided by

other members of the group, and this article does not limit the

transfer proportion of children’s responsibility, which is awaiting

further study.
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Traditionally, China has been more reliant on a model of care that ensures 
older adults are cared for by family members. Whilst promoting the idea of 
older adults ageing in their own homes is essential, the provision of in-home 
care must shift from primarily relying on family caregivers to a model that 
places greater emphasis on gerontechnologies and enhanced healthcare 
service delivery. In this perspective article we  argue for the adoption of a 
‘smart home’ model in aged care in China. The smart home model argues for 
innovative technologies to older adult care, such as virtual support groups, 
video-conferencing, and electronic health records; assistive technologies 
that can safely maintain independence and assist with daily living such as 
sensors, wearables, telehealth, smart home technologies as well as interactive 
robotic technologies for mobility and cognitive support such as humanoid 
robots, rehabilitation robots, service/companion robots. The adoption and 
implementation of gerontechnologies have been slow, with only a handful of 
solutions demonstrating proven effectiveness in supporting home care. The 
utilisation of such digital technologies to support and enable older adults in 
China to age-in-place can bring a significant contribution to healthy ageing. 
Nonetheless, it’s crucial to focus on co-creating with end-users, incorporating 
their values and preferences, and enhancing training to boost the adoption of 
these gerontechnologies. Through a smart home model of care, China can age-
in-place more effectively, leading to significant contributions to healthy ageing.

KEYWORDS

ageing, smart home, models of care, China, gerontechnologies, home care, older 
adults

Introduction

The global population is rapid ageing, prompting focussed efforts to ensure positive 
pathways toward healthy ageing. The World Health Organization (WHO) defines healthy 
ageing as “developing and maintaining the functional ability that enables well-being in older 
age” (1). Whilst improvements in public health and rapid medical advancements are 
contributing to increased life expectancy, a rapidly ageing population presents profound 
challenges and complex consequences to health systems (2, 3). Older adults often present with 
multiple chronic conditions, accompanied by an increased demand for healthcare services, 
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which in turn contributes to increase health system costs. For 
examples in Australia, the projected health expenditure per person 
(older adults) will rise from $3,250 AUD in 2028–19 to $3,970 in 
2031–32 and reach $8,700 in 2060–61 (4).

Across the Asia and Pacific regions, one in seven people were aged 
60 years or older1, and projections indicate that by 2050, one in four 
people will fall within this age group (5, 6). According to a report by 
the Asian Development Bank, a few countries such as the People’s 
Republic of China, Sri Lanka, Thailand and Vietnam, the demographic 
transition to old age will happen even more rapidly, which will have 
significant implications for health systems, as well as social and 
economic consequences (7). This transition will have significant 
implication on how cities and communities are built and organised, 
health services are delivered, as well as how employment and social 
security support individuals (7). It is imperative to acknowledge and 
optimise the social and economic contributions of older adults as a 
means to enhance sustainability.

A focus on China

According to the Organisation for Economic Cooperation and 
Development (OECD) data, older adults account for 13.7 percent of 
the overall population in 2022, accounting for nearly 280 million 
people (8, 9). This percentage is located between the OECD average 
(17.7 percent) and India (6.9 percent) in 2022 (see Figure 1). It is 
projected that the number of older adults in China will increase to 509 
million representing approximately 40% of the total population in 
2050 (5, 6). The old-age dependency ratio (number of individuals aged 
65 and over per 100 people of working age between 20 and 64; see 
Figure 1) suggest that this ratio in China will reach that of OECD 
average around 2070 (approximately 58 older people for 100 people of 
working age). The increasing dependency ratio serves as a key 
indicator, emphasising the urgency for enhanced and efficient 
allocation of public resources and funding to address the requirements 
of the ageing population.

Traditionally, Chinese culture ensures older adults typically are 
cared for by family members (family care model), placing 
multitudes of burdens and facing myriads of challenges. From our 
viewpoint, we contend that the traditional model of family care for 
older adults in China is increasingly unsustainable. This model 
faces numerous challenges that affect both families and the 
healthcare system, primarily due to the swiftly evolving social and 
economic landscapes in China. Rapid urbanisation, demographic 
shifts toward an ageing population, and changes in family 
structures are placing immense pressure on the traditional model. 
These factors contribute to a growing burden on family caregivers 
and strain healthcare resources, underscoring the urgent need for 
innovative solutions and systemic changes to support the ageing 
population effectively. Whilst promoting the idea of older adults 

1 It’s important to recognise that the classification of older individuals can 

vary based on age groups. Whilst in many developed countries, such as 

Australia, the threshold is set at 65 years and older, in most low and middle-

income countries, individuals are typically considered older if they are 60 years 

and above.

ageing in their own homes is essential, the provision of in-home 
care must shift from primarily relying on family caregivers to a 
model that places greater emphasis on technology 
(gerontechnologies) and enhanced healthcare service delivery. 
We argue a ‘smart home’ model will bring technology to assist in 
older adult care. Encouraging older adults to ‘age in place’ at home 
can help mitigate these challenges and alleviate the strain on health 
systems already operating at capacity in China [(10) p. 626 in (11)]. 
Utilising innovative digital technologies and smart homes can 
facilitate ageing-in-place in China. We explore a few international 
models and contemporary debates that advocate for the adoption 
of gerontechnologies aimed at facilitating healthy ageing, 
enhancing outcomes, and improving the quality of life for older 
adults in China.

Traditional model and smart home 
solutions

In China, traditionally older adults have been living or cared for 
by family members (6). China’s older adults care has been described 
as ‘9073’: 90% by family, 7% by community care, 3% by nursing homes 
(12). With adult children typically expected to care for their older 
parents, public nursing homes typically welcome childless or poor 
older adults due to the perceived prejudice against utilising nursing 
home services in China (13).

Health expenditures in China have nearly tripled to 1,640 billion 
RMB from 2009 to 2018 (14). With urbanisation, economic growth, 
social transformation, smaller families, and limited nursing staff, the 
older adults are finding it increasingly difficult to rely on family 
members for support. The transition from a family-focused support 
system to technology-driven solutions, along with professional and 
community assistance, has extended the duration older adults can age 
in place within their homes (5, 6).

Long term care is a practise, and thus we need better informed 
solutions for home care. Smart solutions utilising technology can 
offer better integration with homes and health system practitioners 
and workforce. Long-term care (health and social) is defined by 
OECD as consisting of “a range of medical, personal care and 
assistance services that are provided with the primary goal of 
alleviating pain and reducing or managing deterioration in health 
status for people with a degree of long-term dependency, assisting 
them with their personal care (through help for activities of daily 
living (ADLs), such as eating, washing and dressing) and assisting 
them to live independently (through help for instrumental 
activities of daily living, IADL, such as cooking, shopping and 
managing finances)” (15) p.10.

Over the past decade, with older adults’ home care a policy 
priority, China has strongly promoted and committed to smart 
homes with the release of multiple comprehensive policies for 
older adults’ care. Firstly, in 2017, the State Council, the National 
Health and Family Planning Commission (NHFPC) and 
government agencies issued the “13th Five-year Plan for the Aging 
Development and Elderly Care Services” and the “13th Five-year 
Plan for Healthy Aging (2016–2020).” In addition, the Ministry of 
Industry and Information Technology and the Ministry of Civil 
Affairs issued the first national policy for smart homes “Action Plan 
for the Development of Smart Health and Elderly Care Services 
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(2017–2020).” This was followed in 2021 by the renewed plan 
“Action Plan for the Development of Smart Health and Eldercare 
Industry (2021–2025)” (6, 13). In addition, the 14th Year plan for 
National informatization included actions to cultivate and expand 
smart older adults care services (16).

China’s older adults care promotes home-based care as the 
‘cornerstone’ of care to be  supported by community care, with 
long-term institutional care supplementing the former two when 
disabilities impact daily living (12). The 12th and 13th five-year 
plans come with a strong personal responsibility not just to have a 
healthy and happy life, but moreover from a civic duty perspective 
for health to avoid being a burden. The plans promote filial piety, 
older adults’ self-confidence, as well as advocating for older adults 
volunteering and entrepreneurial new business ownership, all 
contributing to healthy ageing. In addition, China invested in 
internet platforms, remote monitoring, virtual nursing systems, 
robotics and older adults care infrastructure across major cities, 
allocating over 740 million USD for pilot programmes for home-
based older adults care (12).

Smart home

Smart home solutions can play a significant role for in-home 
services. These include smart platforms making use of the internet of 
things (IOT), big data, mobile devices and cloud computing. Such 
technologies are revolutionising the industry and can have a significant 
contribution to facilitating ageing in place and meeting demands for 
home-based older adults care services (5, 6, 13). Innovations include 
information and communication technologies such as virtual support 
groups, video-conferencing and electronic health records; assistive 
technologies that can safely maintain independence and assist with daily 
living such as sensors, wearables, telehealth, smart home technologies as 
well as interactive robotic technologies for motility and cognitive support 
such as humanoid robots, rehabilitation robots, service/companion 
robots (17). The utilisation of such digital technologies to support and 
enable older adults in China to age-in-place can be remarkable and have 
a significant contribution for healthy ageing (13).

Monero et  al.’s (18) conducted a systematic review on 
gerontechnologies designed to support ageing in place amongst home 
care residents and their caregivers. The review argues that the 
predominant use of these technologies was for monitoring older 
adults or their environments, improving communication with family 
caregivers, aiding in daily living activities, or delivering health 
information. Despite the wide range of applications, very few 
gerontechnologies were proven to be effective. The review strongly 
recommended the co-creation of gerontechnologies in partnership 
with end users to better accommodate their needs, values, and 
preferences, and highlighted the importance of incorporating 
training modules.

The development of smart home comes with its challenges and 
barriers for achieving large scale implementation. In 2016, the China 
Longitudinal Aging Social Survey of 11,000 older adults demonstrated 
that only 16% have a smartphone and less than 10% of actually use a 
smartphone (13), creating barriers to adoption for many technologies. 
A significant challenge for smart older adult care is in rural and 
remote China. Digital literacy is low to moderate at best, with digital 
devices deemed complicated and contributing to technological 
anxiety, even with family member support (19). In addition, the 
acceptance and willingness to learn of older adults is not high posing 
another critical limiting factor in technology adoption. Furthermore, 
price is a significant limitation, with smart home care technologies 
being quite costly in some instances further limiting technology 
adoption (19). The technology infrastructure, lack of regulation and 
development of services, as well as insufficient demand for services 
further compound the issue, also contributing to increasing costs (6). 
Finally, one of the key issues to cater the needs of older adults with 
cognitive decline which also acts as a significant barrier for use and 
adoption of innovative technology (19). Community older adult care 
is an innovative and much advocated older adult care model for 
China, with a consensus that this could contribute well to managing 
older adult care in China. In this model, older people do not need to 
move from their homes and social support in the form of community 
day care services is provided. These can be in the form of a visiting 
service in the home or a daycare centre for the older adult, with 
support provided at convenient times by family members when 
possible. Older adult’s people are still living within their familiar 

FIGURE 1

Old age dependency ratio; older adult’s population percent in China, India and OECD. Source: OCED (8).
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communities, thus contributing to healthy ageing in place and better 
outcomes for the older people (20).

Several factors have been advocated to influence adoption and 
implementation of smart older adult care, including affordable, 
price, user-friendliness, absence of operational difficulties, self-
efficacy and confidence in utilisation of technology as well as the 
technology having clear benefits and advantages of use (13). In 
addition, financial inclusion and system stability, digital literacy and 
inclusiveness to close the digital divide is crucial. With significant 
central government support and expenditure as well as policies to 
guide and implement smart older adult care, the process of adoption 
can be accelerated for provision of smart home care services and 
technologies to address the rapidly changing ageing landscape in 
China success (19, 21).

Whilst various international studies and reviews (2, 13, 18, 19) 
have underscored the significance of gerontechnologies and the 
benefits of a smart home model, it’s crucial to develop such models 
with the specific needs and values of older adults and their families in 
China in mind. Paying close attention to the perspectives and 
requirements of the end users is key to creating a successful care 
model that can evolve gradually to support older adults and their 
family caregivers effectively.

On reflection

Smart homes and gerontechnologies can lead to a sustainable 
solution for older adults in China and to ensuring healthy ageing 
and improved quality of life and utilising emerging technologies 
for smart homes will likely play a significant role in managing the 
care needs of rapidly ageing population. Strong infrastructure 
development and financial constraints are essential for successful 
policy implementation. Future research can further explore 
addressing the digital divide and demonstrate successful 
implementation of smart home solutions for older adults in China. 
It is also equally important to have evidence around the ethics and 
regulatory issues around the use of smart home technologies in 
aged care in China.
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