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Purpose: In recent years, little research has been conducted on the willingness to use and pay for digital health technologies for
elderly people. Thus, this study investigates the willingness to use and pay for digital health technologies and their influential factors
among urban elderly in Hangzhou, China.

Methods: A structured questionnaire was completed by 639 older adults from 12 communities in Hangzhou. This paper presents
a descriptive statistics analysis and performs a multivariate regression to identify the determinants of willingness to use and pay for
digital health technologies among the elderly.

Results: The result shows the percentage of participants who chose very willing (3.6%) and partly willing (10%) to use was lower
than those who were less unwilling (26.4%) and not willing (27.1%) to use. The percentage of participants who are unwilling (less
unwilling,30.5%; not willing, 39.7%) to pay for digital health technology is even higher. The regression results show that age, working
status, exercise and physical activity, medical insurance, income, life satisfaction and history of illness were significantly associated
with willingness to use digital health technology among urban elderly. On the other hand, age, exercise status, income and history of
illness were significantly associated with willingness to pay for digital health technologies among older adults.

Conclusion: The overall willingness to use and pay for digital health technologies are low among urban older people living in
Hangzhou. Our results have important implications for digital health policy making. Practitioner and regulator should develop
strategies to improve the supply of digital health technology services to meet different demands of the elderly with different age,
working status, exercise and physical activity, medical insurance, income, life satisfaction and history of illness. And medical
insurance would be an important instrument to facilitate digital health development.
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Introduction

Along with economic development and social modernisation, an aging population has become a common phenomenon
around the world. According to the Seventh National Population Census in China, there are 264.02 million people aged 60
or above, 18.7% of the population, including 190.64 million people aged 65 or over, 13.5% of the population.' According to
a report from World Bank, by 2050, people aged 65 are expected to make up 26% of China’s population, and people aged
80 and over are expected to account for 5% of the population.” This aging population is also increasing medical and health
demands, effecting a steady rise in the overall cost of healthcare for society. Consequently, traditional medical and health
services have been unable to meet the increasing demand for elderly healthcare.®> Currently, family-based healthcare
capacity in China is limited and weak, so digital health technology has been a valuable solution to this problem.*
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Innovations in health information technology offer older people the opportunity to reduce healthcare expenditure,
achieve higher quality of care and improve health outcomes.”® As a result, digital health has become a prominent area of
practice in the adoption of conventional and innovative forms of information communications technology to meet
healthcare needs.'® In this paper, digital health technology refers to the use of digital technologies in healthcare, such
as electronic medical records; telemedicine or telehealth services; robotics and e-health; and m-health supported by
smartphones, wearable devices, mobile apps and various monitoring devices.'' '

The digital health technologies used for the elderly are mainly smart, wearable health technologies,'*'> health

monitoring technologies,'® telemedicine,'” smart home technologies'®'®

and other developments. These technologies
have produced new opportunities for protecting the aging population through preventive care and health monitoring. For
example, the combination of smart wear and Internet of Things (IoT) technology in the field of health monitoring are
becoming useful in improving older people’s quality of life.>” Wearable health technology has potential benefits for the
elderly, such as reducing hospitalization and mortality, improving mental health and supporting a healthier overall
lifestyle.”! Additionally, during the COVID-19 global pandemic, there has been a surge in interest and use of digital
health technology.?

Accordingly, research on digital health technologies in the older adult market has grown considerably over the last
decade. Some such studies have examined issues such as engagement with and acceptance of digital health technologies
among older people. For example, the technology acceptance model (TAM)* model and the theory of planned behavior
(TPB)** adopting mobile Health (mHealth) services among middle-aged and elderly users in China. This work revealed
that technology anxiety and the need for self-actualisation were the main reasons for patients’ intentions to use mHealth
services.”” One study analyzed 12 months of user information from the digital health platform “Lark Health”. It found
that on digital health platforms, the elderly showed greater engagement than the young, indicating a willingness of older
people to adopt digital health technology despite potential barriers.>® Similarly, some scholars analyzed the adoption and
feasibility of digital health and wellness programs for older adults, discovering that this population’s engagement with
digital health apps and programs was high and sustained.’” Such works have investigated the views, needs and
perceptions of older people on using digital health technologies to facilitate healthy aging, demonstrating that older
people generally have positive attitudes towards digital health technologies.*®

Other studies have focused on factors influencing the use of digital health technology by older people. For example,
The older people tend to be slower to adopt new technology than younger people.”’ One study indicates that current use
and future intentions to use wearable devices among older people are limited due to a lack of willingness to pay (WTP).?'
Researchers have also developed a theoretical model based on the capability approach (CA) framework to examine the
factors that impact adoption of digital healthcare technology by elderly people. This study found that when deciding
whether to use digital health technologies, older people considered the extent to which these technologies would enhance
their ability to live independently in the long run.>* Similarly, a questionnaire was given to examine the willingness of
older people in Shanghai, China, to use mHealth and the factors influencing these decisions. This study showed that
46.4% of older people said they were willing to use mHealth. Important factors influencing their willingness to use
(WTU) included understanding mHealth, using mHealth, self-testing health, perceived ease of use, perceived usefulness
and self-efficacy.®!

According to the existing literature, one challenge that remains is identifying the elderly’s WTU and WTP for digital
health technologies and the factors that impact WTU and WTP. Understanding WTP and the influential factors can
inform health policy planning processes, such as allocating resources or developing pricing strategies for telemedicine
services.”> Knowing the WTU of older people for digital health technologies may help to bridge digital divide and
promote digital health development. Previous studies have often examined a particular segment of digital health
technology, but there is a lack of further research on the identification and comparison of older people’s WTU and
WTP for digital health technologies.

Therefore, this study assesses the WTU and WTP for digital health technologies among the elderly in urban
communities of Hangzhou, in China. The remaining parts of this paper are organized as follows: (1) To analyse
through a questionnaire how willing older people are in urban communities in China to use and pay for digital
health technologies, (2) To explore the main factors influencing older people’s WTU and WTP for digital health
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technologies and (3) To compare and analyse the differences in the factors affecting the WTU and WTP.
Additionally, this paper provides suggestions for enhancing the adoption and quality of digital health technologies
for the elderly.

Methods and Data

Study Design

Questionnaire has been a useful method to study the willingness of older people in relation to a particular
technology or service. For example, some scholars used questionnaire to study the home healthcare needs of
empty nesters and their WTP in China;>*> WTP and the elderly’s willingness to accept (WTA) informal care;**
the elderly’s WTA related to the COVID-19 vaccine;’ internet use; and demand for digital health technology among
older people.*

However, there did not exist a standard framework of questionnaire to analyse the WTU and WTP for digital health
technology among the elderly in China. The Andersen Behavioural Model classifies factors related to people’s health into
predisposing factors (ie demographic characteristics such as age and gender; social factors such as education, occupation
and race; social relationships; and psychological factors); enabling factors (ie financial and organisational factors); and
demand factors (perceived need for health services).*® Thus, this study developed a quantitative questionnaire based on
existing research and incorporating Grossman’s theory of health needs®’ and Andersen’s theory of behaviour.*®*®
Grossman’s theory developed a model that connects people’s daily health decisions in a coherent way, examining
individual health decisions over the entire life span. In the Grossman model, health can be viewed as consumer goods,
production inputs (factors of production), and capital. Andersen’s Behavioral Model of Health Services Use is
a conceptual model designed to demonstrate the drivers of health service utilization. The model indicates that Health
service use is determined by three dynamic factors: predisposing, enabling, and demand factors, and has been widely
used in studies investigating health service use.

The questionnaire contains four sections: older adults’ WTU and WTP for digital health, predisposing factors for
older adults, enabling factors and demand factors. As for the ethical consideration, the study was only a willingness
survey of older adults and did not involve some medical clinical trials or human trials. This study also complies with the
Declaration of Helsinki. The surveyed elderly people are anonymous, people’s information is confidential, and the

author’s organization supervises the process of collecting information about the survey activities.

Variables

Dependent and Independent Variables

The dependent variables refer to the psychological disposition of WTU and WTP. Therefore, a 5-point Likert scale was
used to express the intensity of WTU and WTP for digital health technologies among older adults (the scale included 1=
“very willing”, 2= “partly willing”, 3= “neutral”, 4 = “less unwilling”, and 5= “unwilling”).

The independent variables consist of three parts: predisposing factors, enabling factors and demand factors. (1) The
predisposing factors include age, gender, education, marriage, children, working status and exercise. All of these are
categorical variables (Table 1 and Table 2). (2) The enabling factors include medical insurance, income (monthly
income). These are also categorical variables (Table 1 and Table 2). (3) The demand factors include psychological
demand factors and physiological demand factors. The variable of life satisfaction belongs to psychological demand
factor, which is a person’s evaluation of their life and can measure one’s subjective well-being.*® Physiological
demand factors include the variables of hospitalization (hospitalization or illness history in the past year), disability
(disabled or not) and ADL (activities of daily living). The explanation and scale of the variables is reported in
Appendix. Since most of the questions were non-scale questions, we conducted a pilot-tested to ascertain its validity.
In addition, the Cronbach’s alpha coefficient of variables measured by scale is 0.729. This questionnaire has good
validity and reliability.
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Table | The Descriptive Statistics for WTU of the Elderly

Very Partly Neutral Less Not Ve P-value
Willing Willing Unwilling Willing
Total (n=639) 23 (3.6%) 64(10.0%) 210(32.9%) 169(26.4%) 173(27.1%)
Age(years)
50~59 125(19.6%) 8(34.8%) 23(35.9%) 44(21.0%) 20(11.8%) 30(17.3%) 29.245 0.004
60~69 169(26.4%) 7(30.4%) 14 (21.9%) 54(25.7%) 42(24.9%) 52(30.1%)
70~79 162(25.4%) 5(21.7%) 17(26.6%) 47(22.4%) 48(28.4%) 45(26.0%)
80UP 183(28.6%) 3(13.0%) 10(15.6%) 65(31.0%) 59(34.9%) 46(26.6%)
Gender
Female 367(57.4%) 16(69.6%) 31(48.4%) 116(55.2%) 106(62.7%) 98(56.6%) 5.894 0.207
Male 272(42.6%) 7(30.4%) 33(51.6%) 94(44.8%) 63(37.3%) 75(43.4%)
Education
Other 32(5.0%) 0(0.0%) 4(6.3%) 17(8.1%) 8(4.7%) 3(1.7%) 34.844 0.004
Elementary and Junior High School 447(70.0%) 17(73.9%) 39(60.9%) 125(59.5%) 121(71.6%) 145(83.8%)
Technical secondary and school and high 113(17.7%) 5(21.7%) 15(23.4%) 45(21.4%) 30(17.8%) 18(10.4%)
school
Junior college and undergraduate 46(7.2%) 1(4.3%) 6(9.4%) 22(10.5%) 10(5.9%) 7(4.0%)
Master and Doctor 1(0.2%) 0(0.0%) 0(0.0%) 1(0.5%) 0(0.0%) 0(0.0%)
Marriage
Married 477(74.6%) 18(78.3%) 45(70.3%) 164(78.1%) 116(68.6%) 134(77.5%) 6.058 0.195
Unmarried 162(25.4%) 5(21.7%) 19(29.7%) 46(21.9%) 53(31.4%) 39(22.5%)
Children
0 12(1.9%) 0(0.0%) 3(4.7%) 4(1.9%) 4(2.4%) 1(0.6%) 1.770 0.778
| 278(43.5%) 11(47.8%) 32(50.0%) 89(42.4%) 60(35.5%) 86(49.7%)
2~3 318(49.8%) 11(47.8%) 26(40.6%) 109(51.9%) 97(57.4%) 75(43.4%)
24 31(4.9%) 1(4.3%) 3(4.7%) 8(3.8%) 8(4.7%) 11(6.4%)
Working status
No 543(85.0%) 18(78.3%) 43(67.2%) 175(83.3%) 155(91.7%) 152(87.9%) 24.261 <0.001
Yes 96(15.0%) 5(21.7%) 21(32.8%) 35(16.7%) 14(8.3%) 21(12.1%)
Exercise
=lh 464(72.6%) 16(69.6%) 43(67.2%) 131(62.4%) 129(76.3%) 145(83.8%) 24.202 <0.001
2~3h 175(27.4%) 7(30.4%) 21(32.8%) 79(37.6%) 40(23.7%) 28(16.2%)
Medical insurance
Non 7(1.1%) 2(8.7%) 2(3.1%) 1(0.5%) 0(0.0%) 2(1.2%) 26.927 0.008
Rural residents 44(6.9%) 3(13.0%) 4(6.3%) 20(9.5%) 10(5.9%) 7(4.0%)
Urban employed 436(68.2%) 13(56.5%) 45(70.3%) 134(63.8%) 125(74.0%) 119(68.8%)
Urban residents 152(23.8%) 5(21.7%) 13(20.3%) 55(26.2%) 34(20.1%) 45(26.0%)
(Continued)
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Table | (Continued).

Very Partly Neutral Less Not xz P-value
Willing Willing Unwilling Willing
Income
£2000 50(7.8%) 3(13.0%) 4(6.3%) 14(6.7%) 18(10.7%) 11(6.4%) 35.041 0.020
2001~4000 342(53.5%) 9(39.1%) 31(48.4%) 108(51.4%) 87(51.5%) 107(61.8%)
4001~6000 188(29.4%) 7(30.4%) 23(35.9%) 59(28.1%) 53(31.4%) 46(26.6%)
6001~8000 46(7.2%) 3(13.0%) 6(9.4%) 21(10.0%) 9(5.3%) 7(4.0%)
8001~10,000 10(1.6%) 0(0.0%) 0(0.0%) 8(3.8%) 1(0.6%) 1(0.6%)
>10,000 3(0.5%) 1(4.3%) 0(0.0%) 0(0.0%) 1(0.6%) 1(0.6%)
Life Satisfaction
| 170(26.6%) 9(39.1%) 20(31.3%) 37(17.6%) 25(14.8%) 79(45.7%) 79.695 <0.001
2 348(54.5%) 9(39.1%) 26(40.6%) 132(62.9%) 102(60.4%) 79(45.7%)
3 111(17.4%) 5(21.7%) 14(21.9%) 37(17.6%) 40(23.7%) 15(8.7%)
4 9(1.4%) 0(0.0%) 3(4.7%) 4(1.9%) 2(1.2%) 0(0.0%)
5 1(0.2%) 0(0.0%) 1(1.6%) 0(0.0%) 0(0.0%) 0(0.0%)
Hospitalization
No 476(74.50%) 14(60.90%) 46(71.90%) 147(70.00%) 123(72.80%) 146(84.40%) 13.892 0.008
Yes 163(25.50%) 9(39.10%) 18(28.10%) 63(30.00%) 46(27.20%) 27(15.60%)
Disability
No 601(94.1%) 22(95.7%) 61(95.3%) 197(93.8%) 156(92.3%) 165(95.4%) 1.770 0.778
Yes 38(5.9%) 1(4.3%) 3(4.7%) 13(6.2%) 13(7.7%) 8(4.6%)
ADL
Fully self-care 592(92.6%) 23(100.0%) 59(92.2%) 190(90.5%) 156(92.3%) 164(94.8%) 13.739 0.089
Partially self-care 43(6.7%) 0(0.0%) 3(4.7%) 20(9.5%) 12(7.1%) 8(4.6%)
Unable to care for themselves 4(0.6%) 0(0.0%) 2(3.1%) 0(0.0%) 1(0.6%) 1(0.6%)

Data and Statistic Analysis
Data
This study’s participants were from Hangzhou, Zhejiang Province, China. By the end of 2021, the resident population of

Hangzhou was 12,204,000. According to the seventh national population census of China, Hangzhou is classified as
a megacity with a high and maturing level of Internet development. The participants were 50 years of age or older,
conscious, thinking clearly, and willing volunteers in the survey. In China, the Law on the Protection of the Rights and
Interests of the Elderly stipulates that one becomes elderly at 60 years old. However, this paper includes participants from
50 to 60 years old because including the people from 50 to 60 years old can well represent the differences in the WTU
and WTP of the elderly in the aging process through comparison of different ages. The questionnaire distributors
received standard training. They explained the purpose and significance of the study to the participants. Questionnaires
were distributed after obtaining informed consent from the participants. The questionnaires were preferred to be
completed by the elderly themselves. For those who had difficulty completing the questionnaires, the questionnaire
distributors read the questionnaires aloud item by item and recorded the elder’s responses. The survey was conducted
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Table 2 WTP of the Elderly for Digital Health Technologies and Differences in Their Characteristics

Very Partly Neutral Less Not Ve P-value
Willing Willing Unwilling Willing
Total 7(1.1%) 42(6.6%) 141 195(30.5%) 254(39.7%)
(n=639) (22.1%)
Age(years)
50~59 125(19.6%) 1(14.3%) 12(28.6%) 41(29.1%) 31(15.9%) 40(157%) | 27.936 | 0.006
60~69 169(26.4%) 2(28.6%) 8(19.0%) 33(23.4%) 50(25.6%) 76(29.9%)
70~79 162(25.4%) 2(28.6%) 7(16.7%) 23(16.3%) 51(26.2%) 79(31.1%)
80UP 183(28.6%) 2(28.6%) 15(35.7%) 44(31.2%) 63(32.3%) 59(23.2%)
Gender
Female 367(57.4%) 5(71.4%) 18(42.9%) 84(59.6%) 116(59.5%) 144(56.7%) | 4.869 0301
Male 272(42.6%) 2(28.6%) 24(57.1%) 57(40.4%) 79(40.5%) 110(43.3%)
Education
Other 32(5.0%) 2(28.6%) 4(9.5%) 6(4.3%) 11(5.6%) 9(3.5%) 43.078 <0.001
Elementary and Junior High School 447(70.0%) 5(71.4%) 25(59.5%) 91(64.5%) 120(61.5%) 206(81.1%)
Technical secondary and school and high school 113(17.7%) 0(0.0%) 10(23.8%) 31(22.0%) 40(20.5%) 32(12.6%)
Junior college and undergraduate 46(7.2%) 0(0.0%) 3(7.1%) 13(9.2%) 23(11.8%) 7(2.8%)
Master and Doctor 1(0.2%) 0(0.0%) 0(0.0%) 0(0.0%) 1(0.5%) 0(0.0%)
Marriage
Married 477(74.6%) 6(85.7%) 28(66.7%) 110 146(74.9%) 187(73.6%) 2.857 0.582
(78.0%)
Unmarried 162(25.4%) 1(14.3%) 14(33.3%) 31(22.0%) 49(25.1%) 67(26.4%)
Children
0 12(1.9%) 0(0.0%) 1(2.4%) 3(2.1%) 3(1.5%) 5(2.0%) 15.041 0.239
| 278(43.5%) 1(14.3%) 20(47.6%) 63(44.7%) 75(38.5%) 119(46.9%)
2~3 318(49.8%) 5(71.4%) 20(47.6%) 69(48.9%) 112(57.4%) 112(44.1%)
24 31(4.9%) 1(14.3%) 1(2.4%) 6(4.3%) 5(2.6%) 18(7.1%)
Working status
No 543(85.0%) 6(85.7%) 34(81.0%) 105 171(87.7%) 227(89.4%) 17.699 0.001
(74.5%)
Yes 96(15.0%) 1(14.3%) 8(19.0%) 36(25.5%) 24(12.3%) 27(10.6%)
Exercise
=lh 464(72.6%) 5(71.4%) 27(64.3%) 93(66.0%) 126(64.6%) 213(83.9%) 27.034 <0.001
2~3h 175(27.4%) 2(28.6%) 15(35.7%) 48(34.0%) 69(35.4%) 41(16.1%)
Medical insurance
Non 7(1.1%) 0(0.0%) 1(2.4%) 0(0.0%) 4(2.1%) 2(0.8%) 22.237 0.035
Rural residents 44(6.9%) 2(28.6%) 5(11.9%) 9(6.4%) 9(4.6%) 19(7.5%)
(Continued)
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Table 2 (Continued).

Very Partly Neutral Less Not xz P-value
Willing Willing Unwilling Willing
Urban employed 436(68.2%) 1(14.3%) 25(59.5%) 104 140(71.8%) 166(65.4%)
(73.8%)
Urban residents 152(23.8%) 4(57.1%) 11(26.2%) 28(19.9%) 42(21.5%) 67(26.4%)
Income
<2000 50(7.8%) 1(14.3%) 2(4.8%) 9(6.4%) 8(4.1%) 30(11.8%) 59.045 <0.001
2001~4000 342(53.5%) 5(71.4%) 13(31.0%) 64(45.4%) 107(54.9%) 153(60.2%)
4001~6000 188(29.4%) 1(14.3%) 18(42.9%) 54(38.3%) 52(26.7%) 63(24.8%)
6001~8000 46(7.2%) 0(0.0%) 6(14.3%) 12(8.5%) 24(12.3%) 4(1.6%)
8001~10,000 10(1.6%) 0(0.0%) 2(4.8%) 2(1.4%) 4(2.1%) 2(0.8%)
>10,000 3(0.5%) 0(0.0%) 1(2.4%) 0(0.0%) 0(0.0%) 2(0.8%)
Life Satisfaction
| 170(26.6%) 6(85.7%) 13(31.0%) 30(21.3%) 34(17.4%) 87(34.3%) 57.639 <0.001
2 348(54.5%) 1(14.3%) 16(38.1%) 83(58.9%) 124(63.6%) 124(48.8%)
3 111(17.4%) 0(0.0%) 9(21.4%) 26(18.4%) 35(17.9%) 41(16.1%)
4 9(1.4%) 0(0.0%) 4(9.5%) 2(1.4%) 1(0.5%) 2(0.8%)
5 1(0.2%) 0(0.0%) 0(0.0%) 0(0.0%) 1(0.5%) 0(0.0%)
Hospitalization
No 476(74.5%) 4(57.1%) 26(61.9%) 103 137(70.3%) 206(81.1%) 12.447 0.014
(73.0%)
Yes 163(25.5%) 3(42.9%) 16(38.1%) 38(27.0%) 58(29.7%) 48(18.9%)
Disability
No 601(94.1%) 7(100.0%) 38(90.5%) 132 183(93.8%) 241(94.9%) 1.778 0.776
(93.6%)
Yes 38(5.9%) 0(0.0%) 4(9.5%) 9(6.4%) 12(6.2%) 13(5.1%)
ADL
Fully self-care 592(92.6%) 7(100.0%) 36(85.7%) 129 182(93.3%) 238(93.7%) 6.921 0.545
(91.5%)
Partially self-care 43(6.7%) 0(0.0%) 5(11.9%) 12(8.5%) 12(6.2%) 14(5.5%)
Unable to care for themselves 4(0.6%) 0(0.0%) 1(2.4%) 0(0.0%) 1(0.5%) 2(0.8%)

during April-June 2021 in 12 different communities in Hangzhou. A total of 700 questionnaires were distributed
randomly, and 639 valid questionnaires were returned, a return rate of 91.29%.

Statistical Analysis

A descriptive analysis was used to describe the distribution and characteristics of older adults’ WTU and WTP for digital
health technologies. The chi-square test was used to explore the correlation of independent variables with WTU and
WTP. This study used the SPSS Statistics 26 to perform descriptive statistics and chi-square tests. The results would be
statistically significant if P-value < 0.05.
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Results

Descriptive Statistics of WTU and WTP

The WTU and WTP for digital health among the elderly are shown in Table 1 and Table 2, respectively. Of the 639
participants, in terms of WTU (see Table 1.), 3.6% (n = 23) chose “very willing”, 10% (n = 64) chose “partly willing”,
32.9% (n = 210) chose “neutral”, 26.4% (n = 169) chose “less unwilling”, and 27.1% (n = 173) chose “not willing”.
Overall, the willingness of older adults to use digital health technologies was low. For WTP, 1.1% (n = 7) chose “very
willing”, 6.6% (n = 64) chose “partly willing”, 22.1% (n = 141) chose “neutral”, 30.5% (n = 195) chose “less unwilling”,
and 39.7% (n = 254) chose “not willing”. Comparing WTU and WTP demonstrated that the older adults in the sample
were less willing to pay for digital health technology than to use it.

Descriptive Statistics of Predisposing Factors for WTU and WTP

According to Table 1 and Table 2, the participants were over 50 years old and relatively evenly distributed in age. Of the
639 respondents, 19.6% were aged 50~59 years, 26.4% were 60~69, 25.4% were 70~79 and 28.6% were 80 or older.
Female participants accounted for 57.4% (n = 367) of the respondents, and male participants comprised 42.6% (n = 272)
of the group. The education levels of elementary and junior high school accounted for a majority of 70% (n = 447).
Additionally, 74.6% (n = 477) of the respondents were married, and 25.4% (n = 162) were non-married (including
unmarried, divorced, and widowed). Of these respondents, 1.9% (n = 12) had no children, 43.5% (n = 278) had one child,
49.8% (n = 318) had 2~3 children and 4.9% (n = 31) had >4 children. Beyond this, 85% (n = 543) of the participants
were unemployed, 15% (n = 96) had either paid or unpaid work and 72.6% (n = 464) of the participants exercised less
than one hour per day.

Descriptive Statistics of the Enabling Factors for WTU and WTP

Regarding medical insurance participation, most of the respondents had urban employee medical insurance (68.2% [n =
436]). In terms of income profile, the largest proportion of respondents earned RMB 2001~4000 per month (53.5% [n =
342]), followed by 4001~6000 RMB accounting for 29.4% (n = 188) of the group.

Descriptive Statistics of Demand Factors for WTU and WTP

In this study, 26.6% (n = 170) of participants expressed that they were “very satisfied” with life, and 54.5% (n = 348)
were “partly satisfied”. Additionally, the overall life satisfaction level of the sample was high. For instance, 74.5% (n =
476) of the participants had had no inpatient recuperation in the past year, and 5.9% (n = 38) of the participants were
more or less disabled. The descriptive statistics of ADLs showed that 92.6% (n = 592) of the participants were able to
take care of themselves completely, 6.7% (n = 43) partially and 0.6% (n = 4) were unable to care for themselves.

The chi-square test in Table 1 showed that factors associated with WTU included age (P = 0.004), education (P =
0.004), working status (P < 0.001), exercise (P < 0.001), medical insurance (P = 0.008), income (P = 0.02), life
satisfaction (P < 0.001) and hospitalization (P = 0.008). There was no statistically significant relationship between WTU
and gender, marriage, children, disability and ADL (Table 1).

The chi-square test in Table 2 demonstrates that factors associated with WTP included age (P = 0.006), education (P <
0.001), working status (P = 0.001), exercise (P < 0.001), medical insurance (P = 0.035), income (P < 0.001), life
satisfaction (P < 0.001) and hospitalization (P = 0.014). Additionally, WTP was not statistically significantly related to
gender, marriage, children, disability or ADL.

Ordered Logistic Regression Analysis of WTU and WTP

Due to the large number of classifications of dependent and independent variables in this paper, the result of Brant test
was not convergent indicating that the regression deviates from the proportional odds assumption. So, some of the
variables were adjusted to increase the validity of the ordered logistic regression. The research by Murad suggested that
when data clearly deviates from the proportional odds assumption, it is common to consider combining categories of
a variable to increase the fit of the model.*® Additionally, the dependent variable WTU or WTP each has a total of five
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categories to measure the degree of willingness, some of which can be combined into one category. For example, to
different degrees, “very willing” and “partly willing” belong to “willing”, whereas “less unwilling” and “unwilling”
belong to “unwilling”. In this regard, this paper drew from the work of Preisser et al, combining adjacent categories into
one category.*' The categories “1, 2” of WTU and WTP were combined into “willing” (WTU = 1, WTP = 1); “3” as
“neutral” (WTU = 2, WTP = 2); “4, 5” are combined into “unwilling” (WTU = 3, WTP = 3). Thus, the dependent
variables “WTU” and “WTP” both became ordered three-level variables.

Additionally, there were more categories of income and education than other independent variables, and some of
these categories had smaller sample sizes. For instance, researchers referred to the approach of Brooks et al, where
adjacent, small sample categories were combined into one category.*” Regarding the variable income income, the
categories “8001~10,000” and “>10,000" represent only 2.1% of the total sample. Therefore, this paper combined
these two categories and the category “6001~8000” to form the larger category “income > 6000”, regarded as a higher
salary level. Concerning the education variable, the category of people with a master’s degree or doctoral degree had only
one sample, which is classified as undergraduate degree or above.

Following these treatments, the results of the Brant test are displayed in Table 3. The p-values of the Brant test for
both models were greater than 0.05, indicating that the models did not violate the proportional odds assumption. Thus, an
impact analysis could be performed with ordered logistic regression.

Table 4 demonstrates the results of ordered logistic regressions to analyse the factors related to WTU and WTP for
digital health technologies among older adults Age, working status, exercise, medical insurance, income, life satisfaction
and hospitalization were significantly correlated with the WTU of digital health technologies among the elderly.
Additionally, age, exercise, income and hospitalization were significantly correlated with WTP for digital health
technologies among older adults. Additionally, working status, medical insurance and life satisfaction were not sig-
nificantly correlated with WTP for digital health technologies among the elderly.

Effects of Age on WTU and WTP

The results of this study showed that the coefficient of the variable age (s) were all significantly positive and the OR
gradually increased (60~69:0R = 1.603, P = 0.083; 70~79: OR = 1.728, P =0.075; 8OUP: OR =2.254, P = 0.016). Thus,
the older elderly groups were less likely to use digital health technologies than those aged 50~59. Specifically, older
adults in the 60~69 age group were 1.6 times, the 70~79 age group were 1.7 times, and 80 or over were 2.3 times more
likely to be reluctant to use services and products with digital health technology than those aged 50~59. In terms of WTP,
the elderly’s WTP for digital health technology services (eg smart healthcare services and products) was similar to their
WTU. The older the person was, the lower the WTP was (60~69:0R = 1.863, P = 0.037; 70~79: OR = 2.729, P = 0.075;
80UP: OR = 1.42, P = 0.335).

Effects of Working Status on WTU and WTP

Compared with older adults who worked (paid or unpaid work), those without work were less likely to use digital health
technologies (OR = 1.762, p = 0.039). According to the odds ratio, older adults who were not employed were 1.762 times
more reluctant to use digital health technology than older adults who were employed. Additionally, working status was
not significantly associated with WTP.

Effects of Exercise on WTU and WTP

The regression results revealed a significant negative relationship between hours of exercise and WTU (OR = 0.625, p = 0.01).
In terms of the odds ratio, the respondents who exercised for 2~3 hours were 0.625 times less likely to be reluctant to use
digital health technology products than those who exercised for 1 hour, holding all other variables constant. Consequently, the

Table 3 The Brant Test for Two Models

2

X Degree of Freedom | P > Chi2
WTU Brant | 20.280 13.000 0.088
WTP Brant 13.330 13.000 0.422
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Table 4 The Result of Ordered Logistic Regression for WTU and WTP

WTU WTP
Coef. P>z OR [95% Conf. Interval] Coef. P>z OR [95% Conf. Interval]

Age (50~59)

60~69 0.472 0.083 1.603 0.940 2.735 0.622 0.037 1.863 1.040 3.337

70~79 0.547 0.075 1.728 0.947 3.154 1.004 0.004 2.729 1.374 5.421

80UP 0.813 0.016 2.254 1.167 4.352 0.351 0.335 1.420 0.696 2.898
Gender (Female)

Male —0.038 0.826 0.963 0.688 1.348 0.075 0.698 1.078 0.737 1.578
Education (other)

Elementary and Junior High School 0.525 0.155 1.690 0.819 3.488 0.328 0.453 1.389 0.589 3.275

Technical secondary and school and high school 0.034 0.935 1.035 0.456 2.349 0.216 0.656 1.242 0.479 3.218

Junior college, undergraduate and above —0.184 0.700 0.832 0.326 2119 0.442 0.426 1.555 0.525 4.612
Marriage (Married)

Unmarried —0.005 0.979 0.995 0.665 1.488 0.034 0.884 1.034 0.658 1.627
Children (0)

[ 1.131 0.061 3.100 0.948 10.139 0.509 0.450 1.664 0.444 6.243

2~3 1.120 0.066 3.065 0.930 10.099 0.504 0.456 1.655 0.440 6.219

24 1.064 0.137 2.898 0.714 11.769 0.704 0.376 2.022 0.425 9.605
Working status (Employed)

Unemployed 0.566 0.039 1.762 1.030 3.013 0.448 0.120 1.565 0.889 2.755
Exercise (<=1h)

2~3h —0.471 0.010 0.625 0.437 0.892 —0.398 0.050 0.672 0.451 1.000
Medical insurance (None)

Rural residents 1.041 0.221 2.833 0.534 15.041 —-1.591 0.180 0.204 0.020 2.091

Urban employed 2.189 0.008 8.923 1.776 44.831 —-0.615 0.594 0.541 0.056 5.180
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Urban residents 1.734 0.036 5.662 1.124 28.521 —0.951 0.412 0.387 0.040 3.754
Income (<=2000)

2001~4000 —0.473 0.166 0.623 0.319 1.217 —0.301 0.450 0.740 0.338 1.618

4001~6000 —0.766 0.038 0.465 0.226 0.958 —1.087 0.010 0.337 0.148 0.767

>6000 —0.950 0.028 0.387 0.166 0.902 =119 0.024 0.327 0.124 0.861

Life satisfaction —-0.320 0.008 0.726 0.573 0.921 —0.154 0.258 0.858 0.657 1.119
Hospitalization (No)

Yes —0.629 0.001 0.533 0.367 0.776 —0.498 0.020 0.608 0.399 0.925
Disability (No)

Yes 0.143 0.681 1.154 0.583 2.284 —0.288 0.446 0.749 0.357 1.574
ADL (unable to care for themselves)

Partially self-care 0.423 0.705 1.527 0.171 13.668 —0.658 0.614 0.518 0.040 6.680

Fully self-care 0.617 0.570 1.853 0.220 15.588 —0.434 0.733 0.648 0.054 7.830

[eutl 1.478 1.478 —1.624 4.580 -3.279 -3.279 —7.126 0.569

/cut2 3.374 3.374 0.259 6.488 —-1.539 —-1.539 —5.377 2299

Notes: Coef refers to the regression coefficient; OR refers to odds ratio, the proportional odds ratios for the ordered logit model; Cl refers to confidence interval.
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older population who were more exercise-oriented were more likely to use digital health technology products and services than
those who were not. Similarly, in terms of WTP, those who exercised longer had a stronger WTP for digital health technology
products and services than those who exercised less (OR = 0.672, p = 0.05).

Effects of Medical Insurance on WTU and WTP

Compared with uninsured older adults, those with urban resident medical insurance and urban employee medical
insurance (urban residents: OR = 5.662, P = 0.036; urban employed: OR = 8.922, P = 0.008) were more reluctant to
use digital health technology products and services. As shown by the odds ratio, older adults with insurance were more
reluctant to use digital health technology (8.922 and 5.662 times than those who did not have medical insurance,
respectively). However, the relationship between medical insurance and WTP was not significant.

Effects of Income on WTU and WTP

Older adults with higher incomes were more likely to use digital health technology products and services than those with
monthly incomes <= RMB 2000 (RMB 4001~6000: OR = 0.465, p = 0.038; >RMB6000: OR=0.387, p=0.028).
Regarding the odds ratio, older adults with a monthly income of RMB 4001~6000 were 0.465 times less likely to be
unwilling to use digital health technology products and services than those in the income group <= RMB 2000.
Additionally, the respondents with incomes > RMB 6000 were 0.387 times less likely to be more reluctant to use
aspects of digital health technology products and services than those with incomes <= RMB 2000. Similarly, the higher
the income was, the higher the WTP of the elderly was (RMB 4001~6000: OR = 0.337, p = 0.01; >RMB 6000: OR =
0.327, p = 0.024).

Effects of Life Satisfaction on WTU and WTP

The regression results demonstrated that the relationship between life satisfaction and WTU was significantly negative
(coefficient = 0.32, OR = 0.726, p = 0.008). In this study, life satisfaction is measured on a 5-point Likert scale (1 = “very
satisfied”, 2 = “partly satisfied”, 3 = “neutral”, 4 = “less satisfied”, 5 = “unsatisfied”). Thus, the negative coefficient
indicates that a one-level increase in life satisfaction (becoming more dissatisfied), given other variables constant, was
associated with a 0.319 decrease in respondents’ reluctance to use digital health technology products and services. In
terms of the odds ratio, for a one-unit increase in life satisfaction (becoming more dissatisfied), the odds of someone’s
being “unwilling” to use digital health technology versus the combined “neutral” and “willing” were 0.726 times lower
when all other variables were held constant. Thus, the more dissatisfied the respondents were with their lives, the stronger
their WTU was for digital health technologies. Lastly, the relationship between life satisfaction and WTP was not
significant.

Effects of Hospitalization on WTU and WTP

Compared with older adults with no history of illness or hospitalization in the past year, the elderly with a history of
illness hospitalization and recuperation were more likely to use digital health products and services (OR = 0.533, p =
0.001). For older adults with a history of hospitalization and illness in the past year, the odds of their being “unwilling”
versus the combined “neutral” and “willing” were 0.533 times lower than for those with no history of hospitalization or
illness when all other variables were held constant. Therefore, the elderly with a history of illness and hospitalization in
the past year were more likely to use digital health products and services than those without such a history. In the same
vein, older adults with a history of hospitalization or illness in the past year had a higher WTP than those with no history
of hospitalization or illness in the past year (OR = 0.608, p = 0.02).

Discussion

The analysis of the survey sample of Chinese urban community-dwelling older adults revealed that the WTU and WTP
for digital health technologies are more inclined to be unwilling to use or pay among older adults. For instance, 3.6% of
the responders were very willing to use digital health technologies, 10% “partly willing”, and 32.9% displayed “neutral”
willingness. Overall, the willingness of the elderly to use digital health was low. Only 1.1% of older adults were very
willing to pay for digital health technologies, 6.6% were “partly willing”, and 22.1% displayed “neutral” willingness. In
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comparison, the WTP for digital health technologies was lower than the WTU among older adults in the sample, This is
consistent with previous research findings that older adults are less likely to use mHealth.>' Tt is partly because digital
health products and services are still in their formative years. Thus, the supply of products and services is not yet perfect,
and product coverage is not extensive, resulting in a lack of access to and availability of digital health products and
services that meet the needs of older adults. In addition, there is a digital divide in digital health use, with the older you
are the less likely you are to engage in digital health activities.*> Older adults are often reticent to adopt technology, and
most of the elderly have limited knowledge and experience in using digital technology.** For instance, some scholars
have found that the overall digital health literacy of older adults in Chinese communities is relatively low, indicating that
these adults lack the ability to translate Internet health knowledge into action and apply it to health self-management.*’
This issue can also affect the WTU and WTP for digital health among older adults. Additionally, in China, digital health
services and products fall under the category of private (out-of-pocket) healthcare expenditure (PHCE) and are not yet
covered by medical insurance. This is an important reason for the low WTU and WTP for digital health among the
elderly population.

The results from the ordered logistic regressions showed that age, exercise, income and hopitalisation affected both

WTU and WTP for digital health among older adults. Both WTU and WTP for digital health decreased with age, an
effect like the results of previous studies, possibly because financial insecurity become more prevalent and severe with
age.”
In the same vein, older adults who are more physically active are more likely to use digital health products and
services and are more willing to pay for them. To some extent, the daily exercise duration of older adults reflects this
population’s health and health literacy. This is because previous research has concluded that physical activity can
positively impact both physical and mental health in older adults.***” Combining our results, it can be inferred that
those who are more physically active have better health and higher health literacy and are more willing to use and pay for
digital health products and services with health-promoting effects.

Furthermore, the higher these individuals’ income is, the higher the WTU and WTP for digital health products and
services are among older adults. Previous research has also suggested that income level is the most common determinant
of WTU and WTP for healthcare.>* Older adults with a history of hospitalization and illness have higher WTU and WTP
than those without a history of hospitalization or illness in the past year. A history of illness reflects the recent health
status of older adults and fits under the category of demand factors. The poorer the health status is of older adults with
a recent history of hospitalization, the stronger these adults’ perceived need is for health services.*® In the same way, their
WTU and WTP for digital health are also stronger.

The results from the medical insurance situation showed that older adults with urban resident medical insurance and
urban employee medical insurance were more reluctant to use digital health products and services than those who were
not insured. The main reason for this was that digital health products and services are not currently reimbursed by
medical insurance in China. Older adults with medical insurance, especially those with “urban resident medical
insurance” and “urban employee medical insurance”, are more willing than those without medical insurance to use
health products or services that are covered by medical insurance and less willing than those without medical insurance
to use digital health products and services that are not covered by medical insurance reimbursement. These results
indicate that medical insurance payment is a limiting factor for digital health use among older adults. On the insurance
product and policy level, appropriate digital health products or services should be actively screened and evaluated for
inclusion in medical insurance payment, which would improve the popularity and application of digital health products or
services. In terms of life satisfaction, the lower the life satisfaction of older adults is, the stronger their WTU digital
health is. People with higher life satisfaction tend to have better health outcomes and behaviours.*® Older adults with
lower life satisfaction have lower subjective ratings of well-being and tend to have lower health outcomes than those with
higher life satisfaction. These older adults with lower life satisfaction are more willing than others to improve their health
through digital health and thus have a stronger WTU digital health. However, the dissatisfaction of life does not affect
WTP of the elderly.

According to existing research, only few studies have focused on older adults’ willingness to pay for and use digital
health. Previous findings have concluded that older adults have more positive attitudes toward digital health, but have not
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delved into willingness to use and willingness to pay for digital health.’**® And the impact of factors such as
predisposing, enabling and demand on WTU and WTP is less explored.

Comparing previous studies, this study is one of the early literatures in China to explore the WTU and WTP for digital
health technology among older adults, with the following main contributions and implications: (1) A questionnaire survey was
used to study the willingness to use and pay for digital health technology among older adults in China. The study explored the
differences in the influencing factors of both, which will help to understand the current situation of digital health needs of
Chinese older adults. The results of the study will be helpful and informative for the policy development of digital health
industry for the elderly in China, and will help explore the development of services or products of digital health to be included
in the payment scope of medical insurance. (2) This study is the first to consider the impact of medical insurance on WTU and
WTP in China, 3) This study examines the factors influencing WTU and WTP from the perspective of older adults’ own
characteristics. The results of this study will be helpful for practitioner to design and provide digital health services based on
the personalized needs of the elderly, and to increase the matching between digital health supply and demand.

However, this study had certain limitations: (1) This study did not include factors that could help explain older adults’
participation in digital health, such as digital skills, digital health literacy, and social engagement. Thus, future studies should
investigate the impact of these factors on older adults’ behaviours. (2) The evaluation of digital health technologies was
affected by selective non-engagement, and this selective non-engagement could prevent the expression of needs and interests
of certain target populations and bias the study results.* This study collected information through questionnaire survey, which
could have selective bias due to the non-participation or non-responsiveness of certain individuals. (3) This study was based on
a small sample of an older adult population, limiting the generalisability of the findings. The sample sources came from several
different communities in one city, so there may have been regional differences among the needs of the elderly population.
Therefore, this study could be expanded to different cities, and those results could be compared with this study’s results.

Furthermore, future research could be conducted to examine how improving digital health literacy of the elderly could
enhance the WTU and WTP for digital health among older adults. Some scholars have found a profound digital health divide
among the elderly population in the community, a difference related to age, formal education, income, and ethnicity.>® Similarly,
some scholars have discovered that the use of digital health technology in healthcare delivery has created health inequities.' Older
adults are often limited by their education levels, financial circumstances, or lack of Internet access, but they are also more likely to
need medical support more than other people. Thus, the digital divide is a serious barrier to achieving health equity.”’ The digital
health divide can impact the use and perception of health-related technologies among older adults. In advancing digital health
technologies, future research could examine how bridging the digital divide among older adults could reduce health inequities and

investigate how digital health technologies affect the unequal distribution of healthcare services for older adults.

Conclusion

This study shows that the willingness to use and pay for digital health technologies among older adults in urban
communities in China is relatively low. Actually, the elderly population is a vulnerable group in the digital age, so
bridging the digital health divide would help promote the development of digital health among older adults.

The results of the study revealed that age, work status, exercise status, medical insurance, income status, life satisfaction
and sickness history were significantly associated with the WTU for digital health technologies among older adults.
Additionally, age, exercise status, income status and sickness history were significantly associated with WTP for digital
health technologies among older adults. These factors should be considered when promoting digital health technology
products and services for the elderly population to meet the individual needs of older adults. Beyond this, medical insurance
is a limiting factor in the use of digital health technologies among older adults. In this study, the elderly group with medical
insurance were less willing than those without medical insurance to use digital health products and services. Thus,
policymakers should actively explore the inclusion of appropriate digital health into the coverage of medical insurance
payments, which would improve the popularity and adoption of digital health products or services.

Moreover, this paper’s findings could help product and service suppliers of digital health technologies and healthcare
professionals to better understand the real WTU and WTP of the elderly population. Additionally, this work could
provide recommendations for suppliers to design and provide patient-centred digital health services to meet the elderly’s

476 hetps: Risk Management and Healthcare Policy 2023:16

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Yang et al

needs. Finally, this work could help the digital health market and regulator develop appropriate strategies to improve the

matching of digital health supply and demand, enhancing the adoption of digital health in the older population.
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