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Abstract: Health services provided through the telecommunications system aim to improve the
population’s health and well-being. This research aims to explore what digital, economic, and health
factors are associated with the provision of telehealth services, especially in ageing communities.
Applying Organization for Economic Cooperation and Development (OECD) countries” experiences,
this research tries to construct a logistic regression model between adopting a telehealth system or
not, a binary outcome variable, and a group of potentially explanatory variables. Estimation results
showed that there were thresholds for telehealth provision: The demand for telehealth service usually
began when the provision of telecommunication accessibility reached 50%, the proportion of elders
exceeded 10%, or the proportion of health spending occupied more than 3-5% of the gross domestic
product (GDP); the slope of each variable seemed to correspond with an increase in demand for
such a provision. A growing number of individuals in OECD countries are now readily served by
telehealth systems under the COVID-19 pandemic. These findings could be regarded as a model for
other countries for implementing the necessary infrastructure early on when any of these parameters
reaches its threshold. Moreover, telehealth applied in developing countries could be elevated for
wider populations to access basic health services and for the remote delivery of health care. A
rational decision could be made to appropriately use additional resources in telehealth provision.
With accessible e-health services, the population’s health could be improved, which in turn would
possibly increase productivity and social welfare.

Keywords: ageing; telehealth; e-health; per capita GDP

1. Introduction
1.1. Background

The coronavirus disease 2019 (COVID-19) pandemic has inevitably affected the condi-
tions of healthcare provision [1,2]. Many health services have shifted to telecommunication
systems to minimize exposure to infectious agents [3,4]. Another advantage of telehealth
for the population or patients is in reducing their transportation time and costs [5,6]. These
technologies are favorable to populations living and /or working in rural or remote areas,
offshore islands, and those who are physically challenged in mobility [3,4,7]. Telehealth
aims to act as an efficient tool for developing integrated systems of care [7,8]. By adopting
new digital technologies including artificial intelligence [5-7,9,10], telehealth facilitates
the connection and integration of different health services in a seamless way through
the exchange and storage of real-time information across different spectrums of income,
age, location, economic resource, and health state [11]. These expected and unexpected
changes bring about opportunities and challenges regarding the accessibility of telehealth
in times of a pandemic. This research aims to explore what factors would be associated
with the provision of telehealth and the results could provide health system administra-
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tors, policy makers, and government officials with important determinants for improving
health interventions.

1.2. Existing Studies

The use of telecommunications technologies in health care is indispensable and trans-
formative from a global perspective. Though this care may be an effective substitute for
many conventional in-person healthcare services, the patient’s satisfaction and overall
effectiveness deserve more attention and long-term evaluation [9,10,12]. In general, optimal
provision of telehealth is associated with good economic performance, quality of life, and
social welfare [13,14]. An extensive amount of literature on telehealth assessment has been
published. Some is focused on the perceptions of patients and clinicians in medical infor-
matics studies [15,16]; many others concentrate on the efficacy or the financial effects of
telehealth in remote healthcare networks [17,18]. While some may discuss the determinants
for telehealth implementation, simultaneous comprehensive exploration of such factors
seems to be lacking. Moreover, no studies have explored if any thresholds exist for each of
these determinants when a country begins to invest in telehealth implementation.

Many factors affect telehealth implementation, such as geographical factors [19,20],
health system administrators [21], government officials [22], buy-in by physicians [23], and
so on. Researchers have discussed the potential impacts of demographic factors on health-
care funding and urged governments to strengthen conventional in-person and telecommu-
nications healthcare provisions [24-26]. Among these, rapidly ageing and aged societies
generally affect the way in which health care is organized, delivered, and financed [27-29].
As a large proportion of healthcare resources are expended on the elderly, increased tele-
health spending could possibly result in a reduction in conventional health expenditure
in such societies. With telehealth, older adults do not need to travel so often to engage
with health professionals and can do so at home through telecommunications equipment.

Based on the above cited factors, this research uses internet penetration rate to explore
the influence of geographical factors on telehealth implementation [7]. Per capita tax
revenue or payment represents the potential effects of government sector and administra-
tion on telehealth provision [30]. In real-world data, countries with higher incomes often
have more demand for health services [31]. This research uses per capita gross domestic
products (GDP) to represent the wealth factor. We used the ratio of total health spending
to aggregate GDP to explore the possibility of physicians’ buy-in telehealth as a comple-
ment to conventional face-to-face health care to improve the population’s health [29,32].
We also used the health indexes of life expectancy, morbidity, and the mortality rate of
non-communicable disease to evaluate the influences of health status on the demand for
telehealth [33]. Since internet accessibility, income, per capita tax revenue, health indexes,
and ageing factors have been identified as key factors for the success of implementing
telehealth, the research will first estimate the influences of these predictors on telehealth
provision through logistic regression analysis and then depict the relationship between
these influential factors and telehealth implementation.

The World Health Organization (WHO) distinguishes telemedicine from telehealth.
The former is related to curative medicine and the latter corresponds closely to the field of
public health [34]. However, telemedicine can be applied to health promotion, prevention,
and public health and should not be limited to curative health care. The distinction could
become unnecessary in the long term [35]. Especially, stemming from the rapid penetration
of mobile phones, mobile health or m-health has emerged in the recent two decades. We
will use the terms telemedicine, telehealth, e-health, and m-health interchangeably in
this research.

Recognizing that the field of e-health is rapidly transforming the delivery of health
services and systems around the world, the WHO urged Member States to plan for appro-
priate e-health services in their countries in 2005 [36]. Telehealth services aim to provide
accessibility with less time and without geographic barriers. While the wider uptake of
digital technologies, including in the healthcare sector, can be hindered by digital divides
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among different ages, incomes and health statuses [37], these divides reflect barriers in
accessing or abilities to adopt telehealth systems in different communities rather than
personal preferences among different groups.

1.3. The Provision of Telehealth Services Is Related to Digital and Economic Factors

A growing number of individuals in Organization for Economic Cooperation and
Development (OECD) countries are now comfortably using digital technologies in other
industries and expect the same level of responsiveness and convenience in health care.
Based on OECD countries’ experiences, the present work investigates the influences of
the aforementioned factors on the adoption or implementation of telehealth services. This
research utilizes rigorous scientific examinations to test: (1) what demographic, fiscal, and
health factors affect the provision of telehealth services, (2) how telehealth implementation
is associated with these determinants, namely, asking the question ‘Is there a potential
threshold value for a country to begin adopting such a system?’ Study results could serve
as a guide for the design of telehealth services in ageing societies and public health policies.
Our study contributes to and improves on earlier work in several ways. First, we included
digital penetration, income, and health status as factors for designing telehealth systems
in addition to the ageing population and conventional health services [24]. Second, this
study is among the first to use logistic estimation to examine the possibilities of providing
telehealth to meet people’s healthcare needs. In fact, logistic models with a binary outcome
have been widely applied in studies of epidemiology and health care [38]. No studies have
explored if any threshold exists for each of these determinants when a country begins to
invest in telehealth implementation. Third, we describe e-health as a tool that enhances
interest in public health policies in the community.

In the following, we describe the process of establishing the logistic model and how we
analyzed the estimation results in the telehealth system. We also discuss the implications
of this work in policy making and offer conclusions.

2. Materials and Methods
2.1. Research Method

The WHO Global Observatory conducted the third global survey on e-health for
all 194 WHO Member States to determine whether they had e-health related national
policies in place in support of universal health coverage. Results from the 125 responses
show that having an e-health strategy was becoming the norm; with well over half of the
countries (n = 73; 58%) reporting having an e-health strategy in place [39]. The survey
presented which year the strategy of e-health is adopted in each individual country. And
once adopted, a country would begin to implement many aspects of infrastructure of
telehealth progressively, which coexists alongside conventional health care. The Global
Observatory for e-health implemented a range of measures to assure quality. The surveys
received from participating countries were reviewed for completeness. Before introducing
e-health, the dependent variable is defined as 0, which is changed to 1 after the year when
the country began to adopt telehealth strategy. This research uses a logistic regression
model to establish a relationship between a binary outcome variable, adopting a telehealth
system or not, and a group of explanatory variables. The transformation from probability
to log odds was a monotonic transformation. Probability ranged from 0 to 1. Natural
logarithm odds ranged from negative infinity to positive infinity. The linkage between
telehealth provision and determinate factors was estimated as:

Logit[P( Tele|X;j)] = Bo + 25:1 BiXij + u; 1)

Tele — { 1if Tele* >0 o)

0 otherwise

Xi]' represents a country i’s digital, economic, and health factors j. Tele* was defined
as the propensity or ability to adopt a telehealth system. We defined the log-odds ra-
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tio P;/(1 — P;) as a linear function of the explanatory variables. The logarithm was a
natural logarithm:

d[log (Pi/1— P})]

09X

- =Fi 3)
g
The coefficient of f; was the difference in the log odds of the explanatory variable.

2.2. Data Description

7

Based on the WHO Global Observatory survey, this research applies OECD countries
experiences and datasets of the dependent and explanatory variables observed from 2000
to 2017. There were 36 OECD countries, including Australia, Austria, Belgium, Canada,
Chile, Czech Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary,
Iceland, Ireland, Israel, Italy, Japan, South Korea, Latvia, Lithuania, Luxembourg, Mexico,
Netherlands, New Zealand, Norway, Poland, Portugal, Slovak Republic, Slovenia, Spain,
Sweden, Switzerland, Turkey, the United Kingdom and the United States. Among them,
22 OECD countries reported having an e-health strategy in place (n = 22, 22/36 = 61%).
Data on whether an e-health strategy was in place was collected from the Atlas of E-
health Country Profiles of the WHO [39]. In the following, demographic, fiscal, and
health explanatory variables were examined. The ratio of health expenditure relative
to aggregate GDP, representing the provision of conventional health services. Though
the effectiveness of healthcare funding on telehealth has been heatedly debated [40,41],
few studies have investigated the substitutes and complementary characteristics of in-
person and telecommunications health care on the population’s health [13]. We were also
concerned with the influence of conventional healthcare provision on the introduction
of telehealth. Health services are regarded as luxury services, because the increase in
health spending is bigger than the increase in national income [42,43]. This study uses
the factor of income, per capita real GDP (based on US dollars in year 2010) to examine
the influence of wealth or economic performance on telehealth demand [44]. Per capita
consumption was used to capture the demand for non-health goods in the community
and its influence on telehealth implementation [45]. We used life expectancy, morbidity,
and the mortality rate of non-communicable disease as health indicators to examine the
impact of the population’s health on telehealth demand [46]; and per capita tax payment to
represent government resources [47]. Definitions of the elderly and ageing population have
been neither straightforward nor universally applicable in previous studies. The WHO
categorized the elderly starting at age 65 [48]. This research used the ratio of the elderly,
aged 65+, to the total population to represent ageing status. There were 648 observations
for each explanatory variable. The ranges of values were relatively large in this study since
the estimated samples were more comprehensive. In our sample, Luxembourg had the
highest per capita real GDP (US $107,765.8); Latvia had the lowest per capita real GDP (US
$12,049.32). In addition, South Korea and the United States, respectively, had the lowest
and highest shares of health expenditure to GDP, at 3.99% and 17.21%, respectively. The
highest and lowest ratios of the elderly to the population were in Japan with 27.74% and
Mexico with 4.98%. The longest and shortest life expectancies at birth were in Japan and
Latvia with 84.2 and 69.14 years, respectively. Based on the world telecommunication
indicators of the World Bank, the digital penetration rate is defined as the number of
individuals using the internet (% of population). The lowest and highest penetration rates
were in Turkey and Greece with 3.76% and 98.26%, respectively. The data for this study
was collected from OECD statistics, which offers comprehensive information on health
status, socio-economic and ageing concerns for carrying out empirical analyses across
OECD countries. All statistical analyses were completed using the statistical software
STATA (STATA Corp., Houston, TX, USA) version 12.0. Table 1 summarizes the descriptive
statistics and shows the means, standard deviations (Std. Dev.), the minimum, and the
maximum of the concerned variables and the Appendix A Table A1 presents the correlation
matrix of all variables.
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Table 1. Summary of Statistics.

Variables Mean Std. Dev. Minimum  Maximum
The elderly/the population (%) 15.18 3.79 4.98 27.74
Life expectancy 78.93 3.10 69.14 84.20
Health spending/GDP (%) 8.27 2.14 3.99 17.21
Per capita GDP (2010 US dollar) 38,450.74 15,898.79  12,049.32 107,765.8
Morbidity (%o) 10.09 5.26 1.7 23.2

Per capita tax payment (2010 US dollar) 14,099.96 6782.02 1012.51 41,874.82
Per capita consumption(2010 US dollar) 19,144.26 9341.55 4181.17 41,636.29
Penetration rate (%) 63.01 23.72 3.76 98.26
Total NCD mortality rate * 425.15 160.54 240.4 3463.6
* Abbreviations: NCD: non-communicable disease (per million persons). Source: Author’s calculations from
OECD statistics, http:/ /stats.oecd.org/, accessed on 10 June 2021. WHO: https:/ /www.who.int/data/gho/data/
themes/mortality-and-global-health-estimates / ghe-leading-causes-of-death, accessed on 10 June 2021. The
World Bank: https://data.worldbank.org/indicator /IT NET.USER.ZS?end=2015&locations=OE&name_desc=
false&start=2000, accessed on 10 June 2021.

3. Results

This study provides quantitative estimates of the impact of factors of concern on
telehealth provision. Table 2 presents the estimation results. For a one percent increase in
the ageing ratio, the expected change in log odds was 1.83. We calculated this through log-
arithm, for example: odd (ageing ratio = 0.15)/0dd (ageing ratio = 0.16) = exp (1.83) = 6.25.
A one percent increase in the ageing ratio, lead to about a 6.25 time increase in the odds of
introducing a telehealth system. Telehealth strategies embody the aims of public health
promotion, prevention, and chronic illness management [7]. The likelihood of introducing
telehealth increased with ageing ratios. For a one percent increase in the ratio of health
spending relative to the GDP, there was about a 2.49 time increase in the odds of introduc-
ing a telehealth system. Telehealth is not a substitute for in-person health care but can be
complementary to conventional health services to improve or maintain the population’s
health [13]. Income status had a positive influence on introducing telehealth services.
Per capita consumption had negative effects on the odds of telehealth implementation.
The possibility of adopting telehealth services decreased with increased consumption of
non-health goods. For a one percent increase in the penetration rate, there was about a
1.42 time increase in the odds of introducing a telehealth system. Life expectancy, morbidity
rates, the mortality rates of non-communicable disease, and per capita tax payment affected
e-health strategies insignificantly. The intercept from Table 2 with no explanatory variable
was the estimated log odds of adopting telehealth for a society of interest. We transformed
the log of the odds back to a probability and found P = 0. The value of rho represents the
cluster effects. There was a 98 per cent difference in adopting a telehealth system, with or
without implementation, between OECD countries. Sigma_u was the random-intercept
standard deviation and sigma_e was the residual standard deviation of fixed effects. The
estimation results are valid and without bias.

Ageing and Economic Effects on the Implementation of Telehealth Systems

We were interested in the influences of the possible explanatory factors on the binary
variable of adopting telehealth or not. Using Equation (1), we adopted the following equation:

1

P(Tele|X;;) =
( | l]) 1+67(ﬁ0+):j‘(=1/5jxij)

(4)
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Table 2. Estimates of multiple logistic regression for telehealth provision.

Study Period = 2000~2017 Number of Observations = 648 Number of Groups = 36
Likelihood-Ratio Test of rho = 0.98: Wald chi2(8) = 184.86 Prob = chibar2 = 0.000

. . 95% Conf. Current
Telehealth Coefficient Interval Odds Probability
1.83 ***
The elderly/the population (%) ('0 13) 0.99 2.68 6.25 0.86
Life expectancy (8;2) -0.79 1.29 - -
. 0.91 **
Health spending/GDP (%) (0.56) 0.14 1.96 2.49 0.72
0.001 ***
Per capita GDP (2010 US dollar) (0.00) 0.0003 0.002 1.00 0.5
Morbidity (%) (8';2) —0.51 0.83 - -
Per capita tax payment —0.0005 —0.002 } }
(2010 US dollar) (0.00) 0.0003
Per capita consumption —0.0006 *** —0.001 1.00 045
(2010 US dollar) (0.00) —0.0001 ' ’
. 0.35 ***
Penetration rate (%) (0.05) 0.25 0.44 1.42 0.59
. —0.0001
Total NCD mortality rate (0.005) —0.01 0.01 - -
—83.17 *** —155.00
constant (39.82) 1132 0 0
/sigma_e (Ség) 4.34 5.87
/sigma_u (1225%1) 8.74 18.79
0.98
rho (0.00) 0.96 0.99

***: significant at 1%; **: significant at 5%; the numbers in parentheses are standard errors; Abbreviation NCD:
non-communicable disease (per million persons).

Based on the estimation results from Table 2, we plotted the prospects for telehealth
through logit-transformed probability. Apart from the ageing ratio, the influences of the
significant explanatory variables, the digital penetration rate, health spending ratio, per
capita consumption, and per capita GDP, were specified by incorporating the mean values
from Table 1 and the estimated coefficients from Table 2. The trend in the probabilities
of adopting telehealth system for different ageing ratios is depicted in Figure 1. When
the ratio of the elderly relative to the population exceeded 12 per cent, the probability of
introducing telehealth services increased from 0 to 0.02. Especially, when the ageing ratio
exceeded 18 per cent, there was a clear demand for telehealth services in the community.
With the current OECD countries’ mean ageing ratio, 15.18 per cent, the probability of
introducing a telehealth system is 0.86. Through similar calculations, the influences of the
variables of interest on the likelihood of adopting telehealth are presented on Figures 2—4.
Figure 2 shows that the demand for telehealth increases dramatically when the digital
penetration rate is greater than 50 per cent and the possibility of telehealth implementation
increases from 0 to 0.02. When the penetration rate is above 85 per cent, the community can
certainly be provided with telehealth services. With the current penetration rate, 63.01 per
cent, the possibility of introducing a telehealth system is 0.59. Figure 3 shows that there is a
demand for telehealth when the ratio of conventional in-person health spending to GDP is
greater than 3%. Conventional in-person health care should be provided simultaneously
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to improve the population’s health when the ratio of health expenditure relative to GDP
exceeds 13 per cent. With the current health spending ratio, 8.27 per cent, the probability of
adopting telehealth services is 0.72.

Probability of telehealth implementation
1

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0 » 12%,0.02
0 5 10 15 20 25

15.18%, 0.86

Ageing ratio (%)

Figure 1. Ageing status and telehealth implementation.

Probability of telehealth implementation

1
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

0

63.01%, 0.59

50%, 0.02

0 20 40 60 80 100

Digital penetration rate (%)

Figure 2. Digital penetration rate (defined as % of population using internet) and telehealth implementation.

Figure 4 presents the influence of income status on the demand for telehealth. The
threshold of per capita GDP for demand of telehealth is 34,500 US dollars. When per
capita GDP exceeds 45,500 US dollars, there is a definite demand for telehealth among
the population. With the current income of 38,450 US dollars per year, the probability of
introducing a telehealth system into the community is 0.5. Increases in per capita GDP
leads to increases in the affordability of telehealth services. Health services are luxury
goods [42]. The poorer the population is, the lesser luxury goods are demanded.
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Probability of telehealth implementation

1
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

8.27%, 0.72

3%, 0.02

0 2 4 6 8 10 12 14 16 18 20 22 24
Health spending /GDP (%)

Figure 3. Conventional healthcare provision and telehealth implementation.

Pr?bability of telehealth implementation

0.9
0.8
0.7
0.6

0.5 38,450, 0.5
0.4
0.3
0.2

0.1
34,500, 0.02
0 10,000 20,000 30,000 40,000 50,000

Per capita GDP (2010 US dollars)

0

Figure 4. Income and telehealth implementation.

4. Discussion and Policy Implications
4.1. Countries’ Characteristics Affect Telehealth Implementation

This research examines the proposition that the delivery of health services through
telecommunications could be applied across different spectrums of income, age, and health
status. Although we found ageing, economic status, and digital accessibility affected the
likelihood of introducing a telehealth system into a country, it does not necessary indicate
that e-health services are hindered by digital divides among the elderly, across different
income statuses, and so on.

We have, however, the following arguments to corroborate the above proposition.
First, the factors included in our study were ageing ratio and income, in addition to health
status, in-person health care, and digital penetration rates. Because digital technology
is based on the infrastructure of telecommunications, the possibility of implementing a
telehealth system could be different between countries with various social and economic
statuses. After adjusting multiple major determinants in the analysis, we are confident that
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the logit estimations in this study would be the least confounded. Second, the introduction
of telehealth aims to provide accessibility of health care, irrespective of age and rural or
urban residents. We understand that telehealth services cannot substitute in-person health
care but it would be more suitable for physically challenged patients and/or patients
with terminal illness receiving palliative home care [7], who are usually more prevalent
in ageing/aged societies. We then examined how the provision of telehealth services is
linked to health status and the likelihood of adopting telehealth at different ageing ratios.
Third, we plotted the trends in the likelihood of introducing telehealth after adjusting other
concerned factors, such as income, in-person health care, ageing ratios and digital penetra-
tion rate (Figures 1-4). The trends showed in these figures imply that each determinant
affects the provision of telehealth according to the experiences of OECD countries and
corroborate our proposition. Therefore, we tentatively conclude that telehealth could be
designed and implemented early according to the country’s characteristics, and it deserves
more attention in national health policymaking.

Based on the experiences of developed countries, mobile communications-based
healthcare has improved the living standards of patients [49]. The policies of OECD
countries, which advocate universal health care, seems to progressively meet the demands
for telehealth, which correspond with the results of Table 2. Because of limited financial
budgets and a lack of information and technology infrastructures, telehealth provision in
developing countries is usually more expensive and much harder to deploy. However,
to meet the demand for universal healthcare coverage including people in remote areas
and/or offshore islands, more efforts could be made for similar initiatives in developing
countries. A rational decision could be made to appropriately use additional resources on
telehealth provision, as opposed to alternative uses such as solving other fiscal problems.

The difficulty that developing countries face may not only be the lack of access to
telecommunications systems, but also the lack of well-trained personnel and/or the ability
to use technologies. Allowing poorer countries to take advantage of m-health and e-health
is helpful to the establishment and sustainability of universal healthcare coverage [39].
Governments could first provide telehealth through emails and pilot projects with lower
costs [50,51], and then deploy telehealth as a complement to in-person health care. With
accessible and affordable e-health services, the population’s health could be improved,
which in turn would be associated with increases in productivity and social welfare.

Although the factors affecting the provision of telehealth might not be exhaustive, our
research endeavors to find the major predictors from previous studies and accessible real-
world data. For instance, it would be unlikely that including more detailed geographical
data on high mountains and/or remote offshore islands, would alter the results of the
analysis, as they might already be partially explained by the internet penetration rate.
Nonetheless, more studies and investment on telehealth are warranted in the future to
continually improve the efficiency and sustainability of the universal healthcare system.

4.2. Now Is the Time to Promote Telehealth Implementation

A growing number of individuals in OECD countries are now readily served by
telehealth systems to achieve social distancing under the COVID-19 pandemic. Healthcare
provided through the telecommunications system is likely to have increased acceptance
among policymakers, program developers, patients, and health care providers. Under
the COVID-19 pandemic, the elderly, the handicapped, and terminal ill patients at home
might live alone, be frail, or be afraid of being infected and delay to access the conventional
health services. Providing health care for the disadvantaged groups is one of the properties
inherited in the telehealth system. Now is the time to promote such implementation as a
tool to give support to healthcare services provided for these groups.

5. Conclusions

Based on the estimation results, we have identified the factors that are associated
with the implementation of telehealth systems in OECD countries and found the potential
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threshold value for OECD countries to begin adopting such a system. E-health or m-health
can improve health outcome for the majority of rural users also to support the utilization
of in-person health care. Establishing telecommunication or m-health infrastructure to
provide health services possesses positive externalities for stimulating economic growth by
improving health status and enhancing productivity, which in turn leads to better social
welfare. Information and communication technologies have contributed substantially
to economic growth for developed, developing, and emerging economies [52]. Mobile
communications and telecommunications-based health care could be regarded as the key
to sustainable economic development and welfare improvement.

On the other hand, in an ageing society, a large proportion of healthcare resources
are expended on the elderly. Increased telehealth spending would generally improve
communication between healthcare professionals and patients, which would elevate health
literacy and the quality of care, especially for those living in remote regions and/or are
physically challenged. It is crucial to analyze current policies at the macroeconomic level,
which would assist policymakers to properly allocate scarce resources across telehealth
and in-person care sectors. Although our results are based on the e-health strategies of
OECD countries, the implications of these findings could be applicable to other countries
for developing universal e-health care in ageing societies to serve more deserving people.
Our research results shed the light on developing countries to implement telehealth early
in health care provision when some of these indicators reach the threshold values.
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Appendix A
Table A1l. The correlation matrix.
. The Elderly/the Life Per Capita GDP Morbidity He.alth Per Caplt'a Penetration Total NCD Per Capita Tax
Variables Telehealth 0 lation (%)  Expectancy (2010 US Dollar) (%) Spending/GDP  Consumption Rate (%) Mortality Rate Payment
pY ° pectancy *° (%) (2010 US Dollar) ° y (2010 US Dollar)
Telehealth 1
The elderly/the
population (%) 015 1
Life expectancy 0.04 0.19 1
Per capita GDP
(2010 US dollar) 0-26 0.1 040 !
Morbidity (%) —0.18 0.01 —0.42 —0.46 1
Health spending/GDP (%) 0.11 0.23 0.44 0.35 —0.40 1
Per capita consumption _
(2010 US dollar) 0.26 0.11 0.54 0.51 0.52 0.45 1
Penetration rate (%) 0.51 0.19 0.42 047 —-0.42 0.28 0.46 1
Total NCD mortality rate 0.01 —0.08 —0.43 -0.13 0.28 —-0.27 —-0.29 —0.18 1
Per capita tax payment 0.13 0.29 0.38 0.52 —042 0.29 0.48 0.36 ~0.06 1

(2010 US dollar)

Abbreviation: NCD: non-communicable disease (per million persons).



Int. J. Environ. Res. Public Health 2021, 18, 8288 12 of 13

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Hong, SM.O.K.; Becky, J.; North, S.E.; Davis, ].L.; Staker, ].L. Telehealth Physical Therapy as an Innovative Clinical Education
Model with Positive Patient Impact: A Case Report in the Context of the COVID-19 Pandemic. |. Phys. Ther. Educ. 2020, 24,
275-281. [CrossRef]

Yoon, EJ.T.D.; Anton, G.M,; Jasinski, ].M.; Claus, C.F,; Soo, T.M.; Kelkar, P.S. Patient Satisfaction with Neurosurgery Telemedicine
Visits During the Coronavirus Disease 2019 Pandemic: A Prospective Cohort Study. World Neurosurg. 2021, 145, e184—e191.
[CrossRef]

Mann, D.M.CJ.; Chunara, R.; Testa, P.A.; Nov, O. COVID-19 Transforms Health Care Through Telemedicine: Evidence from The
Field. J. Am. Med. Inform. Assoc. 2020, 27, 1132-1135. [CrossRef] [PubMed]

Andrews, E.B.K,; Long, J.; Prescott, A.; Caboral-Stevens, M.; Long, J.; Prescott, A.; Caboral-Stevens, M. Satisfaction with The Use
of Telehealth During COVID-19: An Integrative Review. Int. |. Nurs. Stud. Adv. 2020, 2, 100008. [CrossRef]

Davis, L.E.C.J.; Harnar, J.; King, M.K. Teleneurology: Successful Delivery of Chronic Neurologic Care to 354 Patients Living
Remotely in a Rural State. Telemed. e-Health 2014, 20, 473-477. [CrossRef] [PubMed]

Bashshur, R.L. On the Definition and Evaluation of Telemedicine. Telemed. e-Health 1995, 1, 19-30. [CrossRef]

Bashshur, R.L.; Shannon, G.W. History of Telemedicine: Evolution, Context, and Transformation; Mary Ann Lieber: New York, NY,
USA, 2009.

Bashshur, R.; Shannon, G.; Sapci, H. Telemedicine Evaluation. Telemed. e-Health 2005, 11, 296-316. [CrossRef]

Free, C.P.G,; Felix, L.; Galli, L.; Patel, V.; Edwards, P; Philips, G. The Effectiveness of Mhealth Technologies for Improving Health
and Health Services: A Systematic Review Protocol. BMC Res. Notes 2010, 3, 250. [CrossRef]

Alharbi, A.; Alzuwaed, J.; Qasem, H. Evaluation of E-Health (Seha) Application: A Cross-Sectional Study in Saudi Arabia. BMC
Med Inform. Decis. Mak. 2021, 21, 9. [CrossRef] [PubMed]

Dzau, VJ.; McClellan, M.B.; McGinnis, ] M.; Burke, S.P.; Coye, M.].; Diaz, A.; Daschle, T.A.; Frist, W.H.; Gaines, M.; Hamburg, M.A.;
et al. Vital Directions for Health and Health Care: Priorities From a National Academy of Medicine Initiative. JAMA 2017, 317,
1461-1470. [CrossRef] [PubMed]

Al-Abri, R.; Al-Balushi, A. Patient Satisfaction Survey as a Tool Towards Quality Improvement. Oman Med. ]. 2014, 29, 3-7.
[CrossRef] [PubMed]

Wang, F. Telehealth, Sustainable Economic Development, and Social Welfare. Technol. Econ. Dev. Econ. 2012, 18, 711-721.
[CrossRef]

Wang, F.; Wang, ].D. Telehealth and Sustainable Improvements to Quality of Life. Appl. Res. Qual. Life 2017, 12, 173-184.
[CrossRef]

Puig-Junoy, J.; Saez, M.; Martinez-Garcia, E. Why do patients prefer hospital emergency visits? A nested multinomial logit
analysis for patient-initiated contacts. Health Care Manag. Sci. 1998, 1, 39-52. [CrossRef]

Wurst, RM.A.; Ramsenthaler, C.; Brame, J.; Fuchs, R. Effects of Incentives on Adherence to a Web-Based Intervention Promoting
Physical Activity: Naturalistic Study. J. Med. Internet Res. 2020, 22, e18338. [CrossRef]

Berman, M.; Fenaughty, A. Technology and Managed Care: Patient Benefits of Telemedicine in a Rural Health Care Network.
Health Econ. 2005, 14, 559-573. [CrossRef]

Sharafeldin, N.K.A.; Sundaram, A.; Campbell, S.; Rudnisky, C.; Weis, E.; Tennant, M.T.S.; Damji, K.F. Review of Economic
Evaluations of Teleophthalmology as a Screening Strategy for Chronic Eye Disease in Adults. Br. |. Ophthalmol. 2018, 102,
1485-1491. [CrossRef]

Colakoglu, S.J.A.; Mureau, M.A.M.; Douglass, S.; Kaoutzanis, C.; Chong, T.W.; Mathes, D.W.; Cohen, ].B. Telehealth: Could
It Be an Avenue to Microvascular Breast Reconstruction for Patients with Geographical Barriers? J. Reconstr. Microsurg. 2021.
[CrossRef]

Kreofsky, B.L.H.; Blegen, R.N.; Lokken, T.G.; Kapraun, S.M.; Bushman, M.S.; Demaerschalk, B.M. Sustainable Telemedicine:
Designing and Building Infrastructure to Support a Comprehensive Telemedicine Practice. Telemed. e-Health 2018, 24, 1021-1025.
[CrossRef] [PubMed]

Nguyen, M.E].; Wentlandt, K.; Onabajo, N.; Wong, I.; Bhatia, R.S.; Bhattacharyya, O.; Stamenova, V. Using the Technology
Acceptance Model to Explore Health Provider and Administrator Perceptions of the Usefulness and Ease of Using Technology in
Palliative Care. BMC Palliat. Care 2020, 19, 138. [CrossRef] [PubMed]

Neff, S.M.; Roecker, C.B.; Okamoto, C.S.; Holguin, S.L.; Napuli, ].G.; Mattox, R.; Hinkeldey, N.A ; Paris, D.]. Guidance Concerning
Chiropractic Practice in Response to COVID-19 in the US: A Summary of State Regulators” Web-Based Information. Chiropr. Man.
Ther. 2020, 28, 24. [CrossRef]

Call, VR.A; Erickson, L.D.; Dailey, N.K.; Hicken, B.L.; Rupper, R.; Yorgason, ].B.; Bair, B. Attitudes Toward Telemedicine in
Urban, Rural, and Highly Rural Communities. Telemed. e-Health 2015, 21, 644—651. [CrossRef] [PubMed]

Bashshur, R.L.; Shannon, G.W.; Smith, B.R.; Alverson, D.C.; Antoniotti, N.; Barsan, W.G.; Bashsur, N.; Brown, EM.; Coye, M.].;
Doarn, C.R;; et al. The Empirical Foundations of Telemedicine Interventions for Chronic Disease Management. Telemed. e-Health
2014, 20, 769-800. [CrossRef]

Hsiao, C.H.; Tang, K.Y. Examining a Model of Mobile Healthcare Technology Acceptance by the Elderly in Taiwan. J. Glob. Inf.
Manag. 2015, 18, 292-311. [CrossRef]


http://doi.org/10.1097/JTE.0000000000000163
http://doi.org/10.1016/j.wneu.2020.09.170
http://doi.org/10.1093/jamia/ocaa072
http://www.ncbi.nlm.nih.gov/pubmed/32324855
http://doi.org/10.1016/j.ijnsa.2020.100008
http://doi.org/10.1089/tmj.2013.0217
http://www.ncbi.nlm.nih.gov/pubmed/24617919
http://doi.org/10.1089/tmj.1.1995.1.19
http://doi.org/10.1089/tmj.2005.11.296
http://doi.org/10.1186/1756-0500-3-250
http://doi.org/10.1186/s12911-021-01437-6
http://www.ncbi.nlm.nih.gov/pubmed/33736622
http://doi.org/10.1001/jama.2017.1964
http://www.ncbi.nlm.nih.gov/pubmed/28324029
http://doi.org/10.5001/omj.2014.02
http://www.ncbi.nlm.nih.gov/pubmed/24501659
http://doi.org/10.3846/20294913.2012.754798
http://doi.org/10.1007/s11482-016-9460-0
http://doi.org/10.1023/A:1019082232606
http://doi.org/10.2196/18338
http://doi.org/10.1002/hec.952
http://doi.org/10.1136/bjophthalmol-2017-311452
http://doi.org/10.1055/s-0041-1723821
http://doi.org/10.1089/tmj.2017.0291
http://www.ncbi.nlm.nih.gov/pubmed/29658828
http://doi.org/10.1186/s12904-020-00644-8
http://www.ncbi.nlm.nih.gov/pubmed/32895060
http://doi.org/10.1186/s12998-020-00333-6
http://doi.org/10.1089/tmj.2014.0125
http://www.ncbi.nlm.nih.gov/pubmed/25839334
http://doi.org/10.1089/tmj.2014.9981
http://doi.org/10.1080/1097198X.2015.1108099

Int. J. Environ. Res. Public Health 2021, 18, 8288 13 of 13

26.

27.
28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.
43.

44.
45.
46.
47.

48.
49.

50.
51.

52.

Vosburg, R.W.; Robinson, K.A. Telemedicine in Primary Care During the COVID-19 Pandemic: Provider and Patient Satisfaction
Examined. Telemed. e-Health 2021. Ahead of Print. [CrossRef] [PubMed]

Milligan, C.; Roberts, C.; Mort, M. Telecare and Older People: Who Cares Where? Soc. Sci. Med. 2011, 72, 347-354. [CrossRef]
Wang, F. Economic Evaluations of The Effects of Longevity on Telemedicine and Conventional Healthcare Provision. Telemed.
e-Health 2011, 17, 431-434. [CrossRef] [PubMed]

Fisk, M.; Livingstone, A.; Pit, S.W. Telehealth in the Context of COVID-19: Changing Perspectives in Australia, the United
Kingdom, and the United States. ]. Med. Internet Res. 2020, 22, €19264. [CrossRef] [PubMed]

Richardson, E.; Fenton, L.; Parkinson, J.; Pulford, A.; Taulbut, M.; McCartney, G.; Robinson, M. The Effect of Income-based
Policies on Mortality Inequalities in Scotland: A Modelling Study. Lancet Public Health 2020, 5, e150-e156. [CrossRef]
Grossman, M. On the Concept of Health Capital and The Demand for Health. J. Political Econ. 1972, 80, 223-255. [CrossRef]
WHO. Global Strategy on Digital Health 2020-2025; WHO: Geneva, Switzerland, 2020.

WHO. Saving Lives, Spending Less: A Strategic Response to Noncommunicable Disease. Switzerland. 2018. Available online:
https:/ /apps.who.int/iris/handle/10665/272534 (accessed on 14 May 2021).

Antezana, F. Telehealth and Telemedicine Will Henceforth Be Part of The Strategy for Health for All. 1997. Available online:
https:/ /www.who.int/publications/i/item /9241208899 (accessed on 10 May 2021).

Darkins, A.W.; Cary, M.A. Telemedicine and Telehealth: Principles, Policies, Performance, and Pitfalls; Springer: New York, NY,
USA, 2000.

WHO. Global Observatory for eHealth; Resolutions and Decisions WHAS8.28 eHealth; World Health Organization: Geneva,
Switzerland, 2005.

Hashiguchi, T.C.O. Bring Health Care to The Patient: An Overview of the Use of Telemedicine in OECD Countries. OECD Health
Work. Pap. 2020, 116. Available online: https:/ /www.oecd-ilibrary.org/social-issues-migration-health /bringing-health-care-to-
the-patient_8e56ede7-en (accessed on 2 August 2021).

Lash, T.; VanderWeele, T.J.; Haneuse, S.; Rothman, K.]. Modern Epidemiology; Wolters Kluwer Health: Philadelphia, PA, USA, 2020.
WHO. Atlas of eHealth Country Profiles:The Use of eHealth in Support of Universal Health Coverage; WHO: Geneva, Switzerland, 2016.
Dansky, K.H.; Palmer, L.; Shea, D.; Bowles, K.H. Cost analysis of telehomecare. Telemed. e-Health 2001, 7, 225-232. [CrossRef]
[PubMed]

Franzini, L.; Sali, K.R.; Thomas, E.J.; Wueste, L. Costs and Cost-Effectiveness of a Telemedicine Intensive Care Unit Program in 6
Intensive Care Units in a Large Health Care System. J. Crit. Care 2011, 26, el—e6. [CrossRef]

Newhouse, J.P. Medical Care Expenditure: A Cross-National survey. J. Hum. Resour. 1977, 12, 115-125. [CrossRef]

Hitiris, T.; Posnett, J]. The Determinants and Effects of Health Expenditure in Developed Countries. . Health Econ. 1992, 11,
173-181. [CrossRef]

Barro, R.; Sala-i-Martin, X. Economic Growth; The MIT Press: New York, NY, USA, 2004.

Hall, R.E.; Jones, C.I. The Value of Life and The Rise in Health Spending. Q. J. Econ. 2007, 122, 39-72. [CrossRef]

Olsen, K.M.; Dahl, S.-A. Health Differences Between European Countries. Soc. Sci. Med. 2007, 64, 1665-1678. [CrossRef] [PubMed]
Turnovsky, S.J.; Fisher, W.H. The Composition of Government Expenditure and Its Consequences for MacroeconomicPerformance.
J. Econ. Dyn. Control. 1995, 19, 747-786. [CrossRef]

WHO, Men Ageing And Health: Achieving Health Across The Life Span; WHO: Geneva, Switzerland, 1999.

United Nations Foundation. mHealth for Development: The Opportunity of Mobile Technology for Healthcare in Developing World;
United Nations Foundation: New York, NY, USA, 2009.

Swinfen, R.; Swinfen, P. Low-Cost Telemedicine in The Developing World. ]. Telemed. Telecare 2002, 8, 63—65. [CrossRef] [PubMed]
Combi, C.; Pozzani, G. Telemedicine for Developing Countries. A Survey and Some Design Issues. Appl. Clin. Inform. 2016, 7,
1025-1050. [CrossRef]

Niebel, T. ICT and Economic Growth-Comparing Developing, Emerging and Developed Countries. World Dev. 2018, 104, 197-211.
[CrossRef]


http://doi.org/10.1089/tmj.2021.0174
http://www.ncbi.nlm.nih.gov/pubmed/33999740
http://doi.org/10.1016/j.socscimed.2010.08.014
http://doi.org/10.1089/tmj.2010.0200
http://www.ncbi.nlm.nih.gov/pubmed/21631383
http://doi.org/10.2196/19264
http://www.ncbi.nlm.nih.gov/pubmed/32463377
http://doi.org/10.1016/S2468-2667(20)30011-6
http://doi.org/10.1086/259880
https://apps.who.int/iris/handle/10665/272534
https://www.who.int/publications/i/item/9241208899
https://www.oecd-ilibrary.org/social-issues-migration-health/bringing-health-care-to-the-patient_8e56ede7-en
https://www.oecd-ilibrary.org/social-issues-migration-health/bringing-health-care-to-the-patient_8e56ede7-en
http://doi.org/10.1089/153056201316970920
http://www.ncbi.nlm.nih.gov/pubmed/11564358
http://doi.org/10.1016/j.jcrc.2010.12.004
http://doi.org/10.2307/145602
http://doi.org/10.1016/0167-6296(92)90033-W
http://doi.org/10.1162/qjec.122.1.39
http://doi.org/10.1016/j.socscimed.2006.11.031
http://www.ncbi.nlm.nih.gov/pubmed/17250940
http://doi.org/10.1016/0165-1889(94)00803-P
http://doi.org/10.1258/13576330260440899
http://www.ncbi.nlm.nih.gov/pubmed/12537909
http://doi.org/10.4338/ACI-2016-06-R-0089
http://doi.org/10.1016/j.worlddev.2017.11.024

	Introduction 
	Background 
	Existing Studies 
	The Provision of Telehealth Services Is Related to Digital and Economic Factors 

	Materials and Methods 
	Research Method 
	Data Description 

	Results 
	Discussion and Policy Implications 
	Countries’ Characteristics Affect Telehealth Implementation 
	Now Is the Time to Promote Telehealth Implementation 

	Conclusions 
	
	References

