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Abstract

The aim of the study is to present the usefulness of Geographic Information Systems (GIS) to explore the
socio-economic indicators that affect the health level of the elderly. The study uses a specially designed
questionnaire to capture data on socio-economic indicators of the elderly in Grece. The results of the survey are
plotted in the corresponding geographical locations on the maps, using GIS in a way that provides the person
concerned a full picture of the geographical distribution of socio-economic indicators that affect the health level
of the elderly. The study finds that there is an obvious proportional relationship between Sense of Quality of Life
with healthier characteristics, a less proportional relationship with financial characteristics and even a less
proportional relationship with the age and the education level of the respondents. The study has implications for
health sector professionals and policy makers in Greece.
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1. Introduction

The public health sector is a complex and controversial area. In recent years, the work of healthcare
professionals has become increasingly effective due to the use of Information and Communication Technology
services. There are many problems and challenges in relation to the public health sector. Recently, the use of
Geographic Information Systems (GIS) and the spatial representation of various health issues help health
professionals to provide better public health services and make better decisions (Fradelos et al., 2014).

GIS are increasingly recognized as an important instrument for the management of health data, for mapping of
health indicators, for distribution of disease impacts and analysis and for finding the location of health facilities and
services (Garner et al., 1993). Researchers today use modern GIS systems and other mapping applications to
address various health problems. Forecasting as well as simulation models rely on these systems (Taylor et al.,
2013).

On the other hand, the interest in developing and using life quality assessment tools is wide nowadays. In the
1970s, the first questionnaires on health-related quality of life aimed at measuring the health outcomes in a
multidimensional way, including physical, mental and social health measurements. In medical literature, since
1970, it has been observed that a steadily growing number of researchers include the concept of quality of life in
relation to the health of the individuals. Today, most studies on clinical intervention results include some form of
measurement of health-related quality of life (Yfantopoulos, 2007).

Classical indicators can capture the impact and duration of illnesses in society, but they do not attribute the real
impact that patients have on their illnesses and complications because they are based on health-care unit data.
Classical indicators cannot be used to assess the patient's visual angle, nor can they provide useful data for
assessing the social effects of a disease or its treatment.

The purpose of the current study is to investigate the socio-economic indicators that affect the health level of the
elderly by using a specially designed questionnaire. The quantitative data method has been selected for the
survey, which allows the systematic collection of objective numerical data and then its performance in numerical
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form for purposes of statistical analysis. More specifically, a specially designed questionnaire was used in print
and in electronic form. The objectives of this study are: i) To record the current profile of the elderly in the
country's Open Centres of Elderly Care, as it is in the period of the economic crisis. ii) To explore the perception
of the elderly about the impact of the economic crisis on their health and lifestyle. (iii) To assess the factors that
affect the quality of life of elderly. (iv) To investigate the degree of correlation between socio-economic
indicators and the quality of life of older involved in that research. v) To explore the differentiation of the degree
of correlation between socio-economic indicators and the quality of life of the elderly.

Given the usefulness of GIS and their application in the areas of physical health, mental health, health services and
general health management, the results of the survey were mapped as graphs in the respective geographic locations
on the maps, providing the person concerned with a full picture of the geographical distribution of economic and
social characteristics and, above all, the health status of the elderly by region. Thus, the public institutions and
health service providers concerned are given the opportunity to take prompt decisions on their actions.

In order to obtain valid and scientific results, a representative sample of the studied population was collected, i.e.
897 questionnaires, so that the results and conclusions drawn from them and related to the particular population
could be generalized. Methods of Descriptive Statistics (calculation of frequencies and frequency distributions,
central trend indicators, dispersion) were applied in order to present the study data and to draw conclusions about
the population under investigation.

For the present study the quantitative approach is followed by the large population. The quantitative approach
allows research to be conducted on a large part of the target population and "allows the researcher to learn what
is happening but does not give interpretation to understand the experience". It also follows the principle of
generalizing a conclusion from the specimen under study in a minor proportion of the population (Cohen &
Manion, 1994).

The following Section 2 describes the applications of Geographic Information Systems in Health and the
correlations between the different socio-economic factors and the quality of health. Section 3 presents the
methodology followed for its implementation, and the final Section presents the conclusions of the study.

2. Literature Review
2.1 Applications of Geographical Information Systems in Health

The use of GIS systems is widely applied to public health and many studies are based on them. Public Health
Informatics (PHI) is an emerging specialty, which focuses on the application of information technology and
technology to the practice of Public Health and Research (Hanchette, 2003). As part of this effort, a GIS or, more
generally, a Spatial Decision Support System (SDSS) offers improved geographic imaging techniques, resulting
in faster and better decision making in the field of Public Health (Yasnoff & Miller, 2003).

GIS techniques are used to show the lack of correlation between causes and effects or between different
outcomes. GIS can contribute to Public Health in many ways because they can provide information on many
issues and support the decision-making process properly. They can provide information on the distribution of
health services. Thus, any disparities that are increasing continuously could be abolished. Also, policy-makers
can be helped and made the right decisions. Health professionals can easily identify the difficulties and
inequalities in accessibility to health services and thus be able to cope with the current situation (Foley, 2002).
For example, eliminating inequalities in health is one of the two primary goals of the Healthy People 2010
program currently in the US. The use of GIS can play an important role in this effort by helping Public Health
professionals to identify the areas of weakness and inequality and helping them ideally to identify and develop
solutions to address these deficiencies. GIS can also help researchers integrate dissimilar data from a wide range
of sources, and can still be used to impose quality control measures on these data.

The use of GIS has increased exponentially to solve various public health issues. These systems are critical to
assessing and addressing relevant health problems in different areas of the earth (Foley, 2002).

A GIS can play an important role in the surveillance, management and analysis of diseases. It appears to be an
important tool for the analysis and presentation of epidemiological data. Public health services, diseases, as well
as any health information can be mapped and associated with various information such as environmental data,
health and social data.

This creates a means of monitoring and managing disease and health programs. It is necessary to understand,
monitor and emphasize the reasons that may be related to the development of a disease. Some of these factors
could be the environment, behaviour and the socio-economic level of a region. If the "source” of the disease is
recognizable and its development and transmission is known, health managers will be able to cope effectively
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with pandemics (Najafabadi, 2009; Ezatti et al., 2005). A GIS system is a tool with great potential that could
contribute to assessing environmental risks and human exposure to them.

The design of home care is one of the most active applications of GIS. A GIS can help to organize all the routes
that a healthcare professional should follow, taking into account many parameters. On the other hand, private
health services could organize an extension plan to promote their services. They can even make forecasts for
some services that are in great demand in specific areas. In general, the fields of application of GIS could be
applied to strategic planning, research and evaluation, emergency preparedness and the availability and location
of health care services (Smith et al., 2007). GIS provide enormous convenience for healthcare providers in
organizing and managing health services. Therefore, the organization and coordination of the various services is
easier and more efficient. The healthcare provider can quickly and efficiently direct the patient to appropriate
health care services (Najafabadi, 2009). GIS are able to provide the exact location of special medical devices. It
is important that an insurance organization be able to know the closest location for access to a CT scan when
requested by the insured person (Smith et al., 2007).

2.2 Socio-economic Factors

There are many bibliographical references demonstrating the strong positive correlation between socio-economic
status (SES) and health for many populations in many social sectors (Adler & Ostrove, 1999; Feinstein 1993;
Von dem Knesebecketal., 2006; Kitagawa & Hauser 1973 Marmot, et al., 1997). Moreover, there is ample
literature on the causal mechanisms of linking socio-economic dimensions and health. For example, education is
considered to promote good health not only through the creation of financial resources (income and employment)
but also through the provision of socio-psychological resources, i.e. healthy behaviours (Ross & Wu, 1995;
Mirowsky & Ross, 1999), anxiety ability (Lantz et al., 2005; Lin & Ensel, 1989), self-control (Mirowsky & Ross,
1998; Taylor & Seeman, 1999) to better manage disease and disease (Goldman & Smith, 2002).

Income has been shown to promote health by influencing diet, quality of housing, exposure to environmental
hazards, stress, and access to adequate health care (Cohen et al., 2003, Hayward et al., 1988; et al., 1994; House,
2002; Lantz et al., 2005). Individuals or families with low income are particularly vulnerable because they may
not be able to have good physical and mental health (Andrulis 1998), restriction of access to healthy foods
(Darmon et al., 2002; Caraher et al., 1998) , resulting in toxic environments (Evans & Katrowitz, 2002) and
unhealthy housing conditions associated with a high risk of illness (Rosenbaum, 2008). Further research has
shown that income is more closely linked to the evolution (rather than onset) of the disease than the level of
education (Herd et al., 2007; Zimmer & House, 2003), suggesting that the financial resources promote health in
part by increasing the person's ability to pay for medical care and to transfer it to appropriate health care units.

Many studies highlight the causal mechanisms by which the socio-economic situation affects people's health.
According to Figure 1, the causal relationships between health and socio-economic status, in
socio-political-economic conditions, to the extent that they facilitate or interfere with the mechanisms through
which a person's socio-economic condition affects health (Link & Phelan, 1995). Link and Phelan (1995) argue
that social factors greatly affect health and hence the emergence of diseases with various mechanisms.
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Figure 1. Socio-economic Factors and Health
Source: Link & Phelan, 1995
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2.3 Socio-Economic Indicators in Health of the Elderly

The relationship between socio-economic status and health is an adequately documented epidemiological study.
Studies carried out in the United States (Antonovsky, 1967; Kitagawa & Hauser, 1973; Palmore, 1982; Haan et
al., 1987; Kaplan et al., 1987; Feldman et al. et al., 1990; Menchik, 1993;) confirm that socio-economically
disadvantaged individuals have higher mortality than those with higher education, increased income, or good
working conditions.

Research in the field of social epidemiology and health sociology has repeatedly shown that people belonging to
low socio-economic groups face health problems and live less in relation to people in high socio-economic
groups (Machenbach et al., 1997). Within the context of these differences, Huisman et al. (2004) conducted an
investigation into people aged 65 and over to investigate the relationship between their socio-economic situation
and mortality. The survey was based on data from mortality registers of population data from 11 countries and
regions in Europe. The indicators of the socio-economic situation studied were the educational level and the
permanent residence. The results of the survey showed that absolute and relative socio-economic inequalities in
mortality remain at older ages between men and women, and socio-economic disparities in mortality were higher
among the elderly and middle-aged people in some populations, although the relative age-based inequality
showed differences in population by gender. Also, the correlation between the socio-economic situation and
mortality in the 90+ age group was evident. According to the results of the survey, it is evident that the absolute
socio-economic inequalities in mortality increase with age, while the relative socio-economic inequalities in
mortality decrease with respect to age. Overall, socio-economic inequalities relative to housing were lower than
those of education in the two largest age groups. The authors conclude that such inequalities are a major public
health problem in Europe.

The issue of socio-economic inequalities in the field of morbidity and mortality has attracted a large number of
researchers, but comparatively few have been centred on the elderly. The study by Huisman et al. (2004) makes a
significant contribution to the bibliography on inequalities and mortality, and stresses the importance of
examining elderly people in public health policy and actions. This is an issue of increasing importance given the
aging of the population in developed countries and the increase in life expectancy and the poor health of people
dying over 60 years of age.

The aim of the Grundy & Holt study (2001) was to identify the most commonly used indicators of
socio-economic status (social class, educational level, income, household financial resources, poverty indicators,
housing and car ownership). A home interview was conducted at 3,543 participants aged 55-69 in 1988/9 and
2243 were interviewed again in 1994. All indicators were significantly correlated with differences in the elderly's
self-reporting of health. The best pair of variables, according to the criteria used, was the educational level or the
social class combined with an indicator of poverty.

According to numerous studies, differences in health from the socio-economic situation are smaller for young
adults and increase with increasing age (House et al., 1990; 1994, Beckett, 2000). The main explanation for the
existence of health inequalities for the elderly is the lowering of the levels of health at a later stage of their life
which may be due to psychological factors contributing to poor health (House et al., 1994) such as: (1) lack of
social relationships and social support; (2) changes in the elderly's psychological mood such as reduced sense of
sovereignty, optimism, sense of control and self-esteem, or increased levels of anger and hostility, and (3)
chronic and acute anxiety in life, including the anxiety of marginalization, taxonomy and other phenomena
related to the social distribution of power and resources (Lantz et al., 1998).

Another explanation of health inequalities is also due to the natural deterioration of the organism by increasing
age (Hayflick, 1998), which plays a key role in identifying the elderly (House et al., 2005; Mirowsky & Ross
2008). This explanation gives the hypothesis of convergence (Graph 1) that aging of the population serves to
reduce health inequalities. A series of studies question the above hypothesis, showing that health inequalities
based on the socio-economic situation continue to widen among the elderly, thus giving the case of divergence
(Graph 1).

Education is related to the growing disparity in the health status of the elderly (Dupre, 2008; Mirowsky & Ross,
2008; Willson et al., 2007; Mirowsky & Ross, 2005).

Long-term economic distress seems to have cumulative effects on the health of older people (McDonough &
Berglund, 2003; Benzeval & Judge, 2001; Lynch et al., 1997).
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Graph 1. a) Health-age-convergence case and socio-economic situation (left-hand graph, b) Health-age and
socio-economic deviation right-hand graph)

Source: Lowry & Xie (2009)
3. Research Methodology

The aim of the survey is to investigate the socio-economic indicators that affect the health level of the elderly.
The main objectives of the survey are to record the current elderly profile, explore the perception of the elderly
about the impact of the economic crisis on their health status and lifestyle, assess the factors that shape the
quality of life of the elderly, the degree of correlation of the socio-economic indicators with the quality of life of
the elderly in research and the investigation of the differentiation of the degree of correlation of the
socio-economic indicators with the quality of life of the elderly.

Given the usefulness of GIS and their application in the fields of physical health, mental health, health services
and general health management, the results of the survey are plotted in the corresponding geographical locations
on the maps, providing the person concerned with a complete picture of the geographical distribution of the
socio-economic indicators that affect the level of health of the elderly per region. Thus, the public authorities and
health service providers are given direct opportunity to take decisions on what they need to do.

For the collection of data, two different approaches, quantitative and qualitative, are presented in the literature. In
the quantitative approach, researchers choose to collect primary data, usually from large samples, which then are
analyzed properly. Instead, in qualitative research approaches, the logic followed is different, as researchers
choose to collect large data from a small sample in order to investigate in depth attitudes and perceptions
(Kyriazopoulos & Samanta, 2010).

For the present study the quantitative approach is followed due to the large population. The quantitative
approach allows research to be conducted on a large part of the target population and "allows the researcher to
learn" what's going on "but does not give interpretation to understand the experience." It also follows the
principle of generalizing a conclusion from the specimen under study in a large proportion of the population
(Cohen & Manion, 1994).

Corresponding surveys have taken place both at European and international level. At European level, a
longitudinal survey on health, aging and retirement (SHARE, 2005, Survey on Health, Aging and Retirement in
Europe), the first results of which were published in 2005 (B&sch-Supan & Jurges, 2005). In the survey, initially
11 countries from Scandinavia to the Mediterranean participated, the countries that eventually participated
reached 16 (with Israel, Czech Republic, Poland, Ireland, Slovenia). The collection of data is continuously
enriched with new data, which are compared with earlier data, thus yielding updated and improved conclusions
each time (B&sch-Supan et al., 2008).

In fact, SHARE's development follows faithful studies of the American Health and Retirement Study (HRS) and
the English-Longitudinal Study of Aging (ELSA). In addition, many studies on aging have been conducted based
on US Health and Retirement Survey (HRS), covering more Asian countries, Russia and African countries
(Kapteyn, 2008).

According to Carone and Costello (2006), the importance of such studies lies in the fact that they can make a
significant contribution to addressing uncertainty in the demographic and budgetary projections as well as the
complex challenges of health care and long-term care policy pensions. Finally, these studies are a valuable tool
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for facilitating difficult political debates on issues related to the quality of life and health of the population and
how it is affected by socio-economic factors.

The research tool chosen to carry out this research, was applied to a small sample of elderly people. This small
sample collects the characteristics of the final sample of the research, that is, the final set of people to which it is
addressed. This pilot survey aims to highlight problems that may arise during the research process. The
necessary corrections were made to the questions according to the participants' comments, in order to achieve the
following: i) to ensure the reliability and validity of research, ii) to clarity the questions, iii) to estimate the
required time to answer the questions, iv) to examine the reaction of the respondents, v) to ensure the
completeness of the research tool, vi) to test the usability of the questionnaire, vii) to add more questions if
necessary.

For the collection of valid and scientific results, a representative sample of the studied population was collected
(Belleli & Papazoglou, 2004). In order to collect the data and to answer the research questions, questionnaires
were distributed to the elderly of different Centers for the Protection of the Elderly (KAPI) in Greece. A total of
897 questionnaires were completed so that the results and conclusions drawn from them and related to this
population could be generalized.

The final questionnaire consists of 5 sections and 27 questions.

1. The first section, consisting of 6 questions, relates to the demographic characteristics of the study population
(gender, age, marital status).

2. The second section, consisting of 12 questions, refers to the characteristics of the stay of the elderly (area of
residence today, area of residence in the past, place of residence, living situation and total number of family
members living in the same house).

3. The third section, consisting of 6 questions, relates to the socio-economic characteristics of the elderly
(educational level, occupation, main source of income, existence of economic self-sufficiency, annual income).

4. The fourth section, consisting of 8 questions, concerns the medical history of the elderly (health problems,
physical energy, health and home restriction, health and activity, smoking, alcohol, diet, sleep, feeling of fatigue
after awakening).

5. The fifth section, which consists of 9 questions, is about how the elderly themselves perceive their quality of
life. In particular, it refers to the overall quality of life of the elderly, whether they enjoy their lives, whether they
are happy most of the time, whether their current economic crisis affects them negatively, whether the pain
affects their well-being negatively, and whether health restrict them to the home).

Methods of Descriptive Statistics (calculation of percentages and frequency distributions, central trend indicators,
dispersion) were applied in order to present the study data and draw conclusions for the population under
investigation.

Parametric methods of analysis were used too In particular, chi-square test and statistical test T-test were used in
order to investigate statistically significant correlations. The credibility of the survey is documented by: i) the use
of the Cronbach Alpha Trust Factor (0.85), ii) the use of Likert type questions, iii) the use of a pilot survey, iv)
the use of clear instructions to answer the questionnaire. Also, the validity of the survey is documented by: i) the
use of closed type questions with all possible answers, ii) the anonymity of the survey.

4. Results

In order to investigate the association of Life Quality Impacts with certain Demographic Characteristics, Social
Characteristics, Economic Characteristics and Health Characteristics, the dependent dummy variable was created
called Life Quality Sense, consisting of the Medium Term of Variables Life Quality, Life Enjoyment, and
Happiness, mentioned above. The dummy variable was associated with the following independent variables and
groups of variables: The first correlation is made with Age variable as Demographic Attribute. The second
correlation is made with the Educational Level variable as a Social Attribute. The third correlation is made with
the group consisting of the independent variables Economic Autonomy and Annual Income as Economic
Characteristics. The fourth correlation is made with the group consisting of the independent variables Physical
Energy and Health Sense as Health Characteristics. The results of the linear regression are presented in Table 1,
which shows the correlations that have emerged.

From the results, the Life Quality Sense (LQS - values 1 to 5), which was created as a dummy variable from the
average of the group of variables Life Quality, Life and Happiness, is related to Age (integer values 1 to 3), as a
Demographic Characteristic variable, as follows:
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LQS = 0,191 (Age) + 2,165

It also appears that LQS (values 1 to 5) is related to the Educational Level (integer values 1 to 9), as a
variable of the Social Characteristics, with the following relationship:

LQS = 0,193 (Educational Level) + 1,796

Table 1. Association of Life Quality Sense Elements with Demographic, Social, Financial and Health
Characteristics through Linear Regression

Linear Linear
Regression Regression
Coefficient Constant

Group of Dependent
Variables

Dependent
Dummy Variable

Question Independent
number Variables

Life Quality The Sense of Demographic Characteristics [ INEGEGEINGIZ2ENEEE
Life Enjoyment Quality of Life 2 Age 0,191 2,165
Happiness LQS . (p=0,000) (p=0,000)
. . Social
L2 Qe Q-Lgﬁiserc])?‘eLoi;e Characteristics _—
Life Enjoyment IE}(,QS 9 Educational 0,103 1,796
Happiness Level (p=0,000) (p=0,000)
. . Financial (Economic)
Life Quality The Sense of Characteristics _—
. . . . Economic 0,264
Life Enjoyment Quality of Life 12 Aytonomy (p=0,000) 1,663
LQS 0,176 (p=0,000)
Happiness 13  Annual income ( p:b,OOO)
Health
Life Quality Characteristics
The Sense of
. . Quality of Life Physical 0,387
Life Enjoyment LQS 21 Energy (p=0,000) 1,047
. 0,186 (p=0,000)
Happiness 15 Health Sense (p=0,000)

It also appears that LQS (1 to 5 values) is related to Economic Autonomy (1 to 2 Accuracy) and Annual Income
(integer values 1 to 5) as variables of Financial Characteristics, with the following relationship:

LQS = 0,264 (Economic Autonomy) + 0,176 (Annual Income) + 1,663

Finally, it appears that LQS (values 1 to 5) are related to Physical Energy (1 to 5) and Health Sense (1 to 5) as
Health Characteristics variables with the following relationship:

LQS = 0,387 (Physical Energy) + 0,186 (Health Sensitivity) + 1,047

Of the above, it is obviously more pronounced the proportional relationship of Life Quality Satisfaction with the
Health Characteristics of Respondents, the less pronounced or proportional relationship of Life Quality Sense
with the Economic Characteristics of Respondents and even less pronounced or proportional relationship of Life
Quality Sense with Age and the Educational Level, as Demographic and Social Characteristics of Respondents
respectively.

These results are in line with the previously mentioned studies for the cumulative effects of long-term economic
distress seems on the health of older people (McDonough & Berglund, 2003; Benzeval & Judge, 2001; Lynch et
al., 1997) as well as the relation of education to the growing disparity in the health status of the elderly (Dupre,
2008; Mirowsky & Ross, 2008; Willson et al., 2007; Mirowsky & Ross, 2005).

The depiction of the economic and social characteristics as well as the state of health of the elderly among the
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different Centers for Open Elderly Protection of Greece is achieved through the use of the ArcMap software, in
which all the table data is imported.
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Chart 1. The use of GIS. Authors’ survey

The figures are plotted in the corresponding geographical locations on the maps, giving the person concerned a
full picture of the geographical distribution of economic and social characteristics and, in particular, of the health
status of the elderly by region (see Chart 1). Thus, the public institutions and health service providers concerned
are given the opportunity to take prompt decisions on their actions.

5. Conclusions

The aim of the survey was to investigate the socio-economic indicators that affect the health level of the elderly.
The main objectives of the survey were to record the current elderly profile, explore the perception of the elderly
about the impact of the economic crisis on their health status and lifestyle, assess the factors that shape the
quality of life of the elderly, the degree of correlation of the socio-economic indicators with the quality of life of
the elderly in research and the investigation of the differentiation of the degree of correlation of the
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socio-economic indicators with the quality of life of the elderly.

From the previous presentation of results it is clear that there is an obvious proportional relation of the Sense of
Quality of Life with the Health Characteristics of the respondents, a less pronounced proportional relationship of
the Sense of Quality of Life with the Financial (Economic) Characteristics of the respondents and even less
pronounced proportional relationship of the Sense of Quality of Life with Age and the Educational Level, as
Demographic and Social Characteristics of respondents respectively.

Given the usefulness of GIS and their application in the fields of physical health, mental health, health services
and general health management, the results of the survey were plotted in the corresponding geographical
locations on the maps, providing the person concerned with a complete picture of the geographical distribution
of the socio-economic indicators that affect the level of health of the elderly per region.

The limitations of research were more bureaucratic, related to the issue of each license. Another limitation was
the difficulty of completing the online questionnaire as it is addressed to elderly people who are less familiar
with new technologies and computers. A third problem was the relative difficulty of understanding some of the
questionnaire questions from some elderly people, mainly because of their age. Also, the credibility of the survey
depends on the sincerity of respondents.

Given the usefulness of such health surveys, presented graphically in charts, it is proposed to enable public
officers to have direct access to these data for finding immediate solutions for each region of the state, whenever
needed. It is also useful to expand these types of surveys in other countries, notably the European Union, with a
view to the wider collection and evaluation of data and the comparative presentation of data and surveys in the
Member States of the Union. Moreover it is useful to expand such surveys to various other ages and social
groups, such as adolescents, young people, migrant groups, minorities, disabled etc.
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