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ARTICLE INFO ABSTRACT

Keywords: Background: About ten years ago, an age-related digital divide was identified, where ‘the elderly’ denoted a
Older people group of people at risk of losing the benefits of a digital society. The aims of this work are to find a relationship
Internet

between self-assessed health and internet use by older people in European countries and to ascertain whether
this relationship differs in countries with a more developed eHealth policy.

Materials and methods: An ordered logistic regression is estimated for all countries in the sample and for two
countries subsets which differ in their eHealth performance. Individual data is collected by SHARE. The clas-
sifying criterion of eHealth performance is based on the ‘eHealth’ policy dimension of the indicator used to
construct the Digital Economy and Society Index. The average marginal effects are computed for the variable of
internet use.

Results: Results show that older people who use the internet tend to report better health status. This relationship
however may not hold for low levels of health and it is stronger in countries with low eHealth performance.
Conclusion: Policy measures on eHealth not only contribute to people’s health but also help to alleviate critical
situations such as the one created by the Covid-19 pandemic.

Self-assessed health
Socioeconomic status
Europe

1. Introduction

European data from 2016 indicate that the share of older people
who use the internet at least once a week is about 45 %, ranging from
14 % in Greece to 80 % in Sweden [1].

These numbers have improved significantly in the last few years.
For instance, in 2007 only 27 % of people aged over 54 used the in-
ternet [2]. Ten years ago, Gracia and Herrero [3], studied a Spanish
sample of older people and found that the use of the internet was not
related to the self-reported health status. Yet the association between
using the internet and the improvement of health and well-being of
older adults is well known [4-9]. This can happen in several ways, from
having access to information on health and healthcare services to re-
ducing loneliness or improving healthy behaviours [8-12]. Ad-
ditionally, eHealth instruments play a significant role in making access
to health care faster, easier and less costly. Despite the need of social
interaction by older people, these advantages turn eHealth into a sig-
nificant contributor to the health and wellbeing of older people.

The European Commission and governments have been promoting
the e-inclusion of older people in the digital and information society for
more than a decade. There are various initiatives, action plans and

strategies [13] such as eHealth Action Plan in 2004, 'Action Plan:
Ageing well in the Information Society' [14], 'eSeniors' Network Sup-
port [15], 'e-Digital Agenda for Europe' [16], and ‘eHealth Action Plan
2012-2020’ [17,18].

Several governments across Europe have focused their attention on
developing eHealth and telemedicine capacity to better respond to
people's needs [19]. But European countries do not all perform identi-
cally on eHealth [19,20]. So, it can be expected that in countries where
eHealth capacity is improving, older adults are more willing to use the
internet, and to use it for taking care of their health [21].

On the one hand, the concept of eHealth is expressed in the defi-
nitions provided both by the WHO [22] and by the European Union
[18]. In both cases eHealth is taken as the use of ICT for health by
combining organizational change in healthcare systems and new skills
to improve people’s health and to improve the efficiency of healthcare
systems. eHealth covers several types of interactions between the dif-
ferent parts of the health system, such as between patients and provi-
ders [18]. In our work, eHealth and performance on eHealth is going to
be focused on the availability of health care provided online, specifi-
cally the possibility to get prescriptions and conduct consultations
without having to go physically to the health care unit or being
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physically present with a physician.

On the other hand, by e-inclusion we mean the situation where
everyone in society participates in the information society [23]. How-
ever, the concern for this participation goes deeper. Some population
segments could tend to be excluded from the information society, and
older people were one such segment [24-26]. This has been called the
'Digital Divide' [27,24], meaning that some people have access to in-
ternet use while others don't, and some people may have the skill to use
the internet well, while others don't. The concept of digital divide is
evolving and today it could have a broader meaning by including those
who might use and benefit from mobile devices [28]. Our analysis takes
the first definition of digital divide which separates those who do and
do not use the internet.

Our aim in this work is to ascertain if internet use is an explanatory
factor of self-assessed health status among older people and if the re-
lationship between internet use and health status is stronger in coun-
tries with a good eHealth performance.

Some previous studies have related internet use to aspects of health
such as healthy behaviors [29], health conditions such as depression
and well-being [30,6-8], chronic diseases [20,31], and self-reported
health [32,33]. The demographic group of ‘older adults’ represent
people whose health is often fragile and who are less likely to be at ease
using the internet. Research about the use of internet by older people
has been undertaken by different researchers, usually in the fields of
ageing and gerontology. Hunsaker and Hargittai [9] have reviewed the
quantitative literature focused on internet use by older adults with re-
spect to topics like access, skills, social inequalities and relationship
with health. Using the SHARE (Survey in Health, Aging and Retirement
in Europe) database [34] (as we do in our work), Konig et al. [35]
identified the main factors that are associated with older people’s use of
the internet, such as, age, gender, socioeconomic status, and area of
residence which coincide with studies in different countries [25]. But
these factors are also associated with individual health, as we describe
next.

1.1. Conceptual framework

The conceptual framework of our analysis has two sources. The first
has a qualitative nature. The socioeconomic determinants of health of
individuals have been described by a social ecological model proposed
by Dahlgren and Whitehead [36]. The model places the individual at
the centre of the model and then describes the determinants in layers
around the individual: demographic, lifestyle, social and community
networks, other general conditions. In these general conditions, the
authors included the socioeconomic, cultural, and environmental con-
ditions where the individual lives.

There is another well-known conceptual contribution for mapping
of the relationship between an individual’s health and their surround-
ings developed by Solar and Irwin [37]. Their proposal includes three
main pillars of influence, namely, the socio-political context, the
structural determinants and socioeconomic position, and the inter-
mediary determinants. The socio-political context includes the factors
that are at society level, which individuals cannot change by them-
selves; the structural determinants and socioeconomic position of the
individual accounts for the socioeconomic and political context, such as
cultural values and public policies, and for the individual socio-
economics traits, such as education, income and occupation; finally, the
intermediary determinants consider material circumstances, lifestyle,
and biological factors.

The second source for our conceptual framework has a quantitative
nature. Health can be taken as an output of a production function where
the inputs are both medical and non-medical [38]. These inputs can be
taken as the determinants of the individual health. The estimation of
health production functions is very often found in empirical studies.
Zweifel et al. [39] (ch. 4) have revised and analysed several of these
studies.
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Our analysis is based on the estimation of a health production
function ([38,39] ch.4) which accounts for the individual determinants
of health and for the eHealth performance of the health system [36,37].
Empirical evidence on the determinants of self-assessed health is di-
versified. Very often studies are applied to a single country due to data
availability [40-43], but they may also be performed across countries
[44,45]. Our work follows the latter approach by performing a cross-
country analysis based on individual data collected by SHARE and also
on data provided by the European Commission on DESI (Digital
Economy and Society Index) [46]. To the best of our knowledge, no
recent study has looked at the relationship between internet use and
self-assessed health among older people across several countries and
tested the differences between clusters of countries with different
eHealth performance.

2. Methods
2.1. Population survey and sample

The data used in this work were collected by the Survey of Health,
Ageing and Retirement (SHARE) in Europe wave 6.0.0. SHARE is a
multinational survey which includes representative samples of com-
munity-based populations from a number of European countries and
Israel. The SHARE database contains a large number of variables, from
demographics to financial and health variables [47]. The sample in-
cludes a total of 66,279 individuals with ages ranging from 50 to 106,
from 18 countries, as shown in Table 1. STATA 15 was used for the
statistical estimation procedure.

2.2. Variables

2.2.1. Dependent variable

The dependent variable of this analysis is self-assessed health (SAH).
This variable ranges from 1 to 5, where 1 corresponds to poor health
status; 2 — fair; 3 — good; 4 — very good; and 5 is excellent health status.
This variable has been widely used in the literature as a measure of an
individual’s health status and it has been considered a good indicator of
one's state of health [48-51].

2.2.2. Independent variables

A set of independent variables are used to explain self-assessed
health. They include socio-economic characteristics, suffering from
chronic diseases and from unmet health needs, country, and, finally, the
use of internet. Table 2 summarizes the list and description of the in-
dependent variables.

i) Age — The variable age is the number of years old.

ii) Gender — The male variable is a dummy variable which takes value
1 for a male, and O for a female (variable male). The variable fe-
male is the reference category.

iii) Education — An individual’s level of education is determined by the
number of completed years of schooling (variable education).

iv) Income - This is the natural logarithm of the total household in-
come per individual (variable income).

v) Marital status — This is a categorical variable taking the following
response categories in the SHARE survey: married, partnered,

Table 1

Number of observations by country.
Austria Belgium Croatia Czechia Denmark Estonia
3390 5755 2484 4806 3698 5463
France Germany Greece Israel Italy Luxembourg
3891 4386 4886 1962 5280 1560
Poland Portugal Slovenia Spain Sweden Switzerland
1772 1659 4177 5596 3736 2778
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Table 2
Independent variables description.
Variable Description
age Numbers of years old.
gender Dummy variable. It takes value 1 if male and 0 otherwise.
education Number of completed years of schooling.
income Natural logarithm of the total household income per person in the household.
married Dummy variable. It takes value 1 if individual is married or lives with partner and 0 otherwise.
working Dummy variable. It takes value 1 if individual is active in the labour market and employed and 0 otherwise.
nonworking Dummy variable. It takes value 1 if individual is not active in the labour market and 0 otherwise.
children Dummy variable. It takes value 1 if individual has children and 0 otherwise.
chronic Number of chronic diseases.

unmet needs
internet use
country

Dummy variable. It takes value 1 if there are unmet healthcare needs and 0 otherwise.
Dummy variable. It takes value 1 if individual has used internet in the last 7 days and 0 otherwise
Dummy variables for each country.

divorced, widowed, single, and married but not living together.
For this analysis, married and partnered are considered in the
same class, while divorced, widowed, single and married but not
living together are considered as living alone. The married variable
takes value 1 if married or partnered, and O otherwise. The vari-
able living alone is the reference category.

vi) Job situation — The SHARE survey asks about people’s current job
status, and the response categories considered are retired, em-
ployed or self-employed, unemployed, on permanent medical
leave, or housekeeper. Dummy variables are considered for each
job status. One variable is nonworking (meaning not active) which
takes value 1 if retired, on permanent medical leave and house-
keeper, and 0 otherwise. The variable working (meaning active in
the labour market) takes value 1 if employed or self-employed,
and 0 otherwise. Finally, the variable unemployed takes value 1 if
unemployed, and 0 otherwise. Due to perfect multicollinearity, the
variable unemployed is omitted and taken as reference category.

vii) Children - This is a dummy variable which takes value 1 if there
are children, 0 otherwise.

viii) Number of chronic diseases - Variable 'chronic' takes natural
numbers and it measures the number of chronic diseases suffered
and reported by the individual.

ix) Unmet health needs — This is a dummy variable which takes value
1 if there are unmet health care needs, in particular, the lack of
opportunity to see a doctor because of excessive cost and/or
waiting time; O otherwise (variable unmet needs). The variable no
unmet health care needs is the reference category.

x) Internet use - This variable takes value 1 if internet was used in the
past seven days and O otherwise. The variable no internet use is
the reference category.

xi) Country dummies — These variables take value 1 for each country;
0 otherwise. They represent country fixed effects.

2.2.3. Country characteristics

In order to have clusters of countries performing identically with
respect to eHealth, this work uses one specific dimension of the Digital
Economy and Society Index (DESI). This dimension, expressed by one
particular indicator, allows the building of two sets of group countries.

The composite index DESI is constructed and published by the
European Commission [46]. DESI considers a set of relevant indicators
on Europe's current digital policy mix, including ‘eHealth’ in policy
dimension 'Digital public services', which we are considering for this
analysis. This indicator is highly significant to understand the level of
eHealth development in a country. It gives the percentage of people
who use health care provided online to get a prescription or a con-
sultation online, without having to go to a hospital or healthcare unit.
The higher the score of the indicator, the higher the level of progress
and development of the digital economy related to eHealth.

Ranking the countries according to the eHealth indicator, we can
identify the group of less advanced countries, which have a score below

the median of the EU countries. This cluster of countries includes
Germany, Greece, France, Poland, Portugal, Czechia, Austria, and
Luxembourg. The more advanced countries, which score high values for
the eHealth indicator, are Belgium, Croatia, Italy, Slovenia, Spain,
Sweden, Denmark, and Estonia.

The International DESI (I-DESI) includes non-EU members [52].
According to the results, both Israel and Switzerland perform below the
EU countries’ median for the 'Digital public services' dimension. So,
they are both placed in the less advanced group of countries, char-
acterized by a low performing eHealth service.

The countries with low performance in eHealth (as a Digital public
service) we have called ‘low-eHealth’ countries, while the high-per-
formance countries are called ‘high-eHealth’ countries. Summing up,
high-eHealth countries are those where people are more likely to ben-
efit from faster and easier access to healthcare services, including pre-
scriptions and consultations, without them having to go physically to a
healthcare unit. On the other hand, low-eHealth countries do not gen-
erally offer the eHealth processes to facilitate access to healthcare
services.

2.3. Model and main hypotheses

The model to be estimated can be written as follows:

Self-assessed health; = [B;; Independent variables; + By; internet use; + [3;
country dummies; + &;

where coefficients the B coefficients are to be estimated and ¢; is the
residual.

According to the aim of this work, there are two main hypotheses to
be tested:

H1. People using the internet tend to report better health status, that is,
B2 > 0;

H2. In ‘high-eHealth’ performance countries the relationship between
internet and self-assessed health is stronger than in low performance
countries, that is, the marginal effects associated with 33 are larger in
high performance countries.

2.4. Econometric analysis

The estimation performed is an ordered logistic regression because
the dependent variable, self-assessed health, is an ordinal variable. The
regressions are estimated for different samples and sub-samples: i) first
model specification: the whole sample of countries, for people both
older than 50 and 65; and ii) second model specification: for two sub-
sets of countries which differ in their level of eHealth performance
defined by the DESIs indexes and age over 50.

Each specification includes country controls. These are dummy
variables for each country or the dummy variables identifying the high
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Table 3
Descriptive statistics of self-assessed health.

SAH Total % High-eHealth% Low-eHealth %
1 poor 11.42 11.7 10.9

2 fair 28.56 28.9 27.8

3 good 35.61 34.6 36.7

4 very good 17.62 17.1 18.7

5 excellent 6.78 7.71 6.0

or low e-health performing countries. Finally, marginal effects are es-
timated for both model specifications. To check robustness, we also
estimated the first model specification for individuals older than 65.
Additionally, we estimated a model specification which considers the
interaction term between internet use and unmet health needs and
between the internet and the number of chronic diseases. These inter-
actions were obtained by multiplying both variables. This provided us
with the cases where there is internet use and unmet health care needs,
and also internet use and chronic diseases; in these cases, the interac-
tion variables take value 1.

3. Results

The descriptive statistics for self-assessed health are presented in
Table 3. Nearly 40 % of respondents report poor or very poor health
status and about 24 % report very good or excellent health status. This
distribution is slightly different across clusters of countries with high-
eHealth performance and with low-eHealth. Countries with high
eHealth performance concentrate a larger share of responses in the
lowest levels of self-assessed health. However, in both clusters of
countries about 24 % of people report very good or excellent health
status.

The descriptive statistics for key variables is presented in Table 4.
The majority of respondents are women, the average age is 68 years, on
average they have 10 years of education, 90 % report having children; a
large share of these people (about 78 %) report suffering from at least
one chronic disease and 12 % report the burden of unmet healthcare
needs.

It is worth noting that 48.4 % of people in our sample used the
internet in the previous seven days. So, the majority of people seldom or
never use internet.

The simple correlation coefficient between internet use and self-
health status is equal to 0.33, which indicates that better health status is
positively correlated with internet use. The pairwise correlation be-
tween self-assessed health and the other independent variables is pre-
sented in Table 5. It is interesting to note that the internet use variable is
significantly correlated with all the other variables.

Finally, and as expected, the share of people who report not using
internet in the last seven days is higher in countries with low eHealth
performance (Table 6).

The results of the ordered logistic regression for all the countries in
the sample, for people over 50 and over 65, for the low-eHealth and

Table 4

Descriptive statistics for key variables.
variable
age (mean) 67.98
education (mean) 10.83
male (%) 46.8
working (%) 24.3
nonworking (%) 73.0
unemployed (%) 2.8
having children (%) 89.9
unmet health care needs (%) 11.7
chronic diseases (%) 77.5
internet use (%) 48.4
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high-eHealth countries, are presented in Table 7.

The results of the estimation of the ordered logistic regression
(Table 7) show that controlling for individual characteristics, self-as-
sessed health improves with the use of internet in the last seven days.
The whole sample coefficient for people older than 50 is positive and
statistically significant, equal to 0.522. The estimate for all countries
and individuals older than 65, done as a robustness check, shows the
same result to whom the estimated coefficient is equal to 0.561.

Comparing low- and high-eHealth countries, we find that the coef-
ficient of internet use on SAH is higher (coef = 0.563) in low-eHealth
countries than in high-eHealth countries (coef = 0.483). The average
marginal effects estimated for the internet use variable are presented in
Table 8.

Marginal effects allow the comparison of the magnitude of the ef-
fects, and they can also be computed for the different levels of the self-
assessed health (SAH). Results show that for low levels of health status,
marginal effect is negative, meaning that the use of the internet does
not have a beneficial influence. The positive effects of the use of the
internet are found for health status better than the median level, that is,
good health status (level 3). For instance, when using internet, the in-
crease of probability in the response by people from level 3-4 of SAH is
about 4.87 %.

The results shown in Table 7 also indicate the socioeconomic factors
explaining self-assessed health. Better health status is associated with
higher education, higher income, being employed, being married, and
having children. On the other hand, age, being male, suffering from
chronic diseases and facing unmet healthcare needs, contribute to a less
healthy status.

Tables 9 and 10 show the robustness check results for interacting
terms. For this purpose, we have included in the first estimation the
interaction term between unmet healthcare needs and internet use, and
in the second estimation the interaction term between chronic diseases
and internet use. These new independent variables reflect the situation
of simultaneous use of the internet and unmet health care needs, and
the use of internet and chronic diseases.

Results of the estimated coefficients presented in Tables 9 and 10
are very similar for the independent variables. The interesting add-in
comes from the interaction variable which shows that there are mod-
erating effects arising from the use of internet. In Table 9, when the
internet is used there is a positive effect on SAH, but there is also a
negative effect arising from unmet healthcare needs. The estimated
coefficient for the interaction variable in low-eHealth countries is not
statistical significantly.

In Table 10, the interaction between the number of chronic diseases
and internet is identical across the cluster of countries and it is statis-
tical significantly in all estimations. In both cases, there are interaction
effects between the use of internet and access to healthcare and suf-
fering from chronic diseases that require a frequent access to health-
care.

The marginal effects associated with the interaction variables are
shown in Table Al, in the appendix. These effects come exclusively
from the interaction variable that was generated and they do not ac-
count for the effects produced by the variables independently. For both
cases, the magnitude of marginal effects found is very small. Any dif-
ferences found between clusters of countries could be a reflection of
situations such as trouble-free access to prescriptions in high-eHealth
countries and the lack of easy access to prescriptions and consultations
in low-eHealth countries.

4. Discussion

The main aim of this work was to determine if there is a relationship
between self-assessed health and the use of internet by older people and
if this relationship differs between countries with high and low levels of
eHealth performance.

The results found in our statistical analysis confirmed that when
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Table 5
Pairwise correlations between self-assessed health and independent variables.
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SAH age education income working nonworking married children chronic unmet

age —0.291*

education 0.229* —0.247*

income 0.168* 0.111* 0.139*

working 0.275* —0.555* 0.242* 0.042*

nonworking —0.251* 0.560* —0.220* —0.007 —0.342*

married 0.110* —0.193* 0.060* —0.274* 0.294* 0.482*

children 0.009* 0.003 —0.006 —0.137* —0.002 0.021* 0.186*

chronic —0.506* 0.310* —0.154* —0.050* —0.275% 0.266* —0.098* 0.010*

unmet health needs —0.139* —0.040* —0.068* —0.125* —0.023* 0.011* —0.019* 0.003 0.139*

internet use 0.332* —0.416* 0.417* 0.2080* 0.366* —0.337* 0.108* 0.023* —0.231* —0.079*
Note: * significance for p < 0.05.
Table 6 Table 8

Internet use and eHealth performance.

Average marginal effects for use of internet.

internet use high-eHealth (%) low-eHealth (%)

SAH (delta-method) All countries High-eHealth Low-eHealth

No 50.3
Yes 49.7

52.3
47.7

controlling for individual characteristics, the use of the internet was
correlated with better health status, which confirmed our first hy-
pothesis, and is in line with other studies on this topic [29-33].

The relationship between internet use and health status is weaker in
countries that perform well in the eHealth policy dimension. Countries
that are characterized by a lower eHealth performance thus seem to
experience a more sizeable effect between internet use and reported
health, which was not according to our initial hypothesis.

This unexpected result, in fact, might be reflecting a well-known
effect called diminishing returns. That is, people that use internet in
countries with low-eHealth performance may be getting higher value
from using the internet in this way, so that their health may be bene-
fiting more than it is for people in countries which perform better at the
eHealth level. Diminishing returns in this case means that as countries
improve their eHealth performance, the returns obtained from this
improvement are decreasing, including the individual health returns.

One possible explanation for diminishing returns is the learning
experience of people [19] at a more advanced framework of access to
health care services based on eHealth resources. As people get used to

1 poor —0.0374* —0.0352* —0.0396*
2 fair —0.0528* —0.0481* —0.0577*
3 good 0.0136* 0.0130* 0.0140*
4 very good 0.0487* 0.0421* 0.0567*
5 excellent 0.0279* 0.0283* 0.0266*

Note: * significance at p < 0.01.

it, their needs and expectations also become tuned up to this more
advanced framework of eHealth. So the benefits that people may obtain
are not as large as they would had been in a less advanced eHealth
framework. Consequently, as a result of diminishing returns (and
learning economies), the effect of internet use and health benefit is
smaller in high-eHealth countries than in low-eHealth countries.

On top of this conclusion, the result we obtained for the interaction
between internet use and unmet health needs supports the explanation
of diminishing returns to internet use for benefiting health. We found
that in countries with high-eHealth performance the benefit of using the
internet decreases when there are unmet healthcare needs, and this
decrease is higher than in countries with low-eHealth performance.
This may be happening because people in high-eHealth countries get
used living with a high standard of eHealth. So, when this easier access
to health care services fails, it has more significant consequences for the
individual and for his health. This failure is felt much less in countries

Table 7

Results.
SAH All countries All countries High-eHealth Low-eHealth

age > 50 age > 65 age > 50 age > 50
Coef P>z Coef P>z Coef P>z Coef P>z

age —0.015 0.000 —0.035 0.000 —-0.013 0.000 —0.019 0.000
male —0.058 0.000 —0.038 0.061 —0.040 0.051 —-0.077 0.001
education 0.047 0.000 0.045 0.000 0.051 0.000 0.042 0.000
income 0.110 0.000 0.092 0.000 0.138 0.000 0.089 0.000
working 0.347 0.000 0.425 0.081 0.217 0.000 0.520 0.000
nonworking 0.079 0.092 0.068 0.775 —0.055 0.365 0.258 0.000
married 0.197 0.000 0.104 0.000 0.201 0.000 0.194 0.000
children 0.137 0.000 0.128 0.000 0.171 0.000 0.097 0.010
chronic —0.619 0.000 —0.566 0.000 —0.615 0.000 —0.623 0.000
unmet health needs —0.419 0.000 —-0.417 0.000 —0.438 0.000 —0.400 0.000
internet use 0.522 0.000 0.561 0.000 0.483 0.000 0.563 0.000
country dummies yes yes yes yes
Number of obs 66.234 38.936 35,675 30,559
LR chi2 32062.29 17610.15 17903.75 14147.82
Prob > chi2 0.000 0.000 0.000 0.000
Log likelihood —80705.975 —46685.335 —43635.302 —37008.702
Pseudo R2 0.166 0.159 0.170 0.161
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Table 9
Results including the interaction between internet use and unmet healthcare needs.
All countries High-eHealth Low-eHealth
Coef. P>z Coef. P>z Coef. P>z
age —0.015 0.000 —0.013 0.000 —0.019 0.000
gender —0.058 0.000 —0.040 0.049 —-0.077 0.001
education 0.047 0.000 0.051 0.000 0.042 0.000
income 0.110 0.000 0.137 0.000 0.089 0.000
working 0.346 0.000 0.215 0.000 0.520 0.000
nonworking 0.079 0.092 —0.055 0.365 0.258 0.000
married 0.196 0.000 0.200 0.000 0.194 0.000
children 0.137 0.000 0.171 0.000 0.098 0.010
chronic —-0.619 0.000 —0.615 0.000 —0.623 0.000
unmet health needs —0.294 0.000 —0.256 0.010 —0.318 0.001
internet use 0.521 0.000 0.482 0.000 0.562 0.000
unmet*internet —0.104 0.051 —-0.157 0.054 —0.067 0.350
country dummies yes yes yes
Number of obs 66234 35675 30559
LR chi2(19) 32066.10 17907.45 14148.70
Prob > chi2 0.0000 0.0000 0.0000
Pseudo R2 0.1657 0.1703 0.1605
Log likelihood —80704.071 —3633.447 —37008.265

where the eHealth performance is not particularly good and people do
not really feel the absence of eHealth resources when they need them.

The relationship between internet use and self-assessed health is
different across the levels of health status. While there is no benefit for
the low levels of health, we found a positive effect for the higher levels
of health. For low health status, eHealth does not deliver added value.
This may be because when people are already ill using the internet does
not bring any benefit for their health. In particular, obtaining pre-
scriptions or having consultations online without going to a health care
unit is probably not what people want or need when they become
seriously ill. They most likely prefer the personal contact with a
healthcare professional or they will get healthcare not supported by an
eHealth network. For higher levels of health status, the use of the in-
ternet has a positive effect. In fact, the effect is strongest for people
reporting very good health status. For these people, the possibility of
accessing health care online without going to a health care unit is
particularly valuable; it helps them to get on with their lives without
the trouble of having to go to a health care unit for prescriptions,
routine consultations or preventive examinations requests.

Table 10
Results including the interaction between internet use and chronic diseases.

Other results contribute to the literature on this topic. Some socio-
economic variables, such as age, education, marriage, income, and
having children, explain the level of health status as expected from
theoretical and empirical models [8,36,40,25]. Having children im-
proves the reported health status, particularly in high eHealth coun-
tries. It might be that in these countries it is easier for parents to be in
touch in their children. Future research could well try to understand the
relationship between having children, the use of the internet, and the
health status of their parents. It may be valuable to understand the role,
the drivers and even the causality of such relationships and draft policy
measures which could contribute to improving peoples' health.

There are limitations to this work and to the use of self-assessed
health as an indicator of the individual health status. Firstly, self-as-
sessed health is a self-reported indicator which could be a biased
measure of health status. However, this indicator has been very widely
used [48-51,53], and the question as to the validity of self-reported
indicators is exaggerated; although not perfect, it is not flawed [54].
The other problem arising from the use of self-assessed health in cross-
country analysis is that cultural and historical differences are not

All countries

High-eHealth

Low-eHealth

Coef. P>z Coef. P>z Coef. P>z
age —0.016 0.000 -0.013 0.000 —0.019 0.000
gender —0.054 0.000 —-0.036 0.074 -0.071 0.002
education 0.047 0.000 0.051 0.000 0.043 0.000
income 0.109 0.000 0.137 0.000 0.088 0.000
working 0.333 0.000 0.203 0.001 0.506 0.000
nonworking 0.081 0.083 —0.054 0.379 0.261 0.000
married 0.197 0.000 0.201 0.000 0.195 0.000
children 0.137 0.000 0.170 0.000 0.098 0.010
chronic —0.591 0.000 —0.588 0.000 —0.593 0.000
unmet health needs —0.420 0.000 —0.437 0.000 —0.404 0.000
internet use 0.637 0.000 0.588 0.000 0.689 0.000
chronic*internet —0.068 0.000 —0.062 0.000 -0.073 0.000
country dummies yes yes yes
Number of obs 66,234 35,675 30,559
LR chi2(19) 32107.59 17923.65 14172.98
Prob > chi2 0.000 0.000 0.000
Pseudo R2 0.166 0.170 0.170
Log likelihood —80683.324 —43625.349 —36996.126
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Table Al
Average marginal effects for interaction variables.

SAH All countries High-eHealth Low-eHealth
dy/dx
unmet* chronic*  unmet* chronic*  unmet*  chronic*
internet internet internet internet internet internet
1 poor 0.008* 0.005* 0.001** 0.005* 0.005 0.005*
2 fair 0.009* 0.006* 0.014** 0.006* 0.006 0.007*
3 good —0.002* —0.002* -0.004** —0.002* -—0.001 —0.002*
4 very good —0.009* —0.006* —0.012** —0.005* -—0.007 —0.007*
5 excellent —0.006* —0.004* —0.01%** —0.004* —0.003 —0.004*

Note: on marginal effects * significance at p < 0.05 and ** significance at
p < 0.1.

accounted for, which can result in systematic differences [55]. But these
differences should be considered in each country. At European level,
the average trend counts when defining European policies and pro-
grammes, such as 'Action Plan: Ageing well in the Information Society',
'eSeniors' network, and 'e-Digital Agenda for Europe'.

Secondly, our results show that income and education play a role in
explaining self-assessed health. This implies that there could be socio-
economic inequalities hidden in the results found here, as noted by
Delpierre et al. [56]. These authors showed that better educated in-
dividuals tend to report worse levels of health status more often. These
inequalities are not explored here, but they do seem to exist, and further
research could address them because they could also be related to the
digital divide.

Thirdly, the analysis performed here does not test causality between
the use of internet and the reported health status, but it does show that
there is a significant correlation between the two factors. In the future,
as the SHARE database grows, it may be possible to extend this analysis
to different waves.

Finally, the approach of classifying countries based on the eHealth
indicator of the index DESI may be a reduced approach for analysing
the eHealth features of a country. Each country has its own plan and
strategy to develop eHealth and this may not be captured in the eHealth
indicator we used. For instance, the electronic prescriptions given by
physicians in consultations, and the electronic medical record are not
included in the DESI eHealth indicator but they are good measures of
eHealth.

Despite the limitations just mentioned, our analysis has improved
on previous work by taking self-assessed health as an ordered variable
and by taking a more restrictive definition of internet use, for a very
large sample of European people. Additionally, the definition of
eHealth clearly captures its potential benefits for health care access.
And access is certainly a significant input for ensuring good levels of
population health.

Using the internet has a beneficial effect on health. So, improving
access by older people and mitigating any digital divide is a relevant
policy measure. The improvement of eHealth instruments available to
older people would make access to healthcare easier and ensure a better
supervision of their health, medications, and compliance with medical
directions.

At the time of writing this work, Europe is facing the COVID-19
pandemic. This has overwhelmed some health systems and led to re-
stricting people’s movements. Future research may try to understand
how the benefits for people differed across countries and regions where
consultations and prescriptions could be accessed by using eHealth
resources. For instance, one problem raised during the pandemic has
been that of accessing repeat prescriptions (for chronic conditions) and
medications by older people. If eHealth instruments were available, it
would be easier for older people to keep up with their medications.
Another situation which has raised problems is that of booking and
attending consultations, which could be mitigated by online consulta-
tions or teleconsultations.
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5. Conclusions

The analysis presented here suggests that internet use is related to a
better reported health status of older people’s health, after controlling
for individual characteristics, and this relationship is stronger in less
eHealth-developed countries. Evidence indicates that the policies pur-
sued by governments and the European Commission to mitigate the
digital divide have produced a positive result. While the digital divide
across age groups may be disappearing, however, it may be persisting
across different socioeconomic statuses [57,58,25]. Future research and
policies are expected to look at the socioeconomic inequalities of the
digital divide. But they should also study the role of eHealth perfor-
mance on people’s health in critical situations such as the Covid-19
pandemic crisis.
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