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Abstract

The aim of the study is the determination of socio-economic characteristics of the elderly, emphasizing the usefulness of Geographic Information Systems (GIS) to explore the socio-economic indicators that affect the health level 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, a survey for the investigation of the socio-economic indicators that affect the health level of the elderly was carried out, using a specially designed questionnaire. The results of this survey were plotted in the corresponding geographical locations on the maps, giving the person concerned a full picture of the geographical distribution of socio-economic indicators that affect the health level of the elderly.
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1. Introduction
Given the usefulness of Geographic Information Systems (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.
The purpose of the case 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 form for purposes of statistical analysis. More specifically, a specially designed questionnaire was used in print and in electronic form.
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).
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 case study and 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. Researchers today to address various health problems use modern GIS systems and other mapping applications on the computer. Forecasts as well as simulation models rely on these systems.
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 Geographic Information System 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 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.
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, ie healthy behaviors (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 4.3, 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.

Figure 1: Socio-economic Factors and Health
[image: ]
Source: Link & Phelan, 1995

3. Case-Study
3.1 Research Methodology
The aim of the case-study is to investigate the socio-economic indicators that affect the health level of the elderly and their monitoring using Geographic Information Systems (GIS). 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 elderly.
Given the usefulness of Geographic Information Systems (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 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 KAPIs 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.
To assess the relationship between the sense of quality of life and the socio-economic indicators that affect the health level of the elderly, we estimate the following model:
We assume that Y is a binary variable given from the following expression 


with


is the Probit model with multiple regressors and Φ is the cumulative standard normal distribution function.

The predicted probability  can be measured in two stages:
1. 
Calculate 
2. Search for Φ(z) by considering pnorm( ).
The coefficient βj describes the impact on z of a one unit change in Xj holding constant all other k-1 regressors. 
Given the above specification, we can estimate the parameters using the method of maximum likelihood. The likelihood function is given by:


 Moreover, the dependent binary variable was created called Life Quality Sense (LQS), consisting of the Medium Term of Variable Quality of Life, Life Enjoyment, and Happiness Sense and takes the value 1 (Good Quality Life)  if the Medium Term is greater or equal to 2 and the value 0 (Bad Quality Life) otherwise. As concerns the regressors, the variable AGE captures the Demographic Attribute taking values 1 (AGE<70), 2 (70≤AGE≤80) and 3 (AGE>80), the EDUC (values from 1 (PhD) to 9 (None)) indicates Educational Level variable as a Social Attribute, the ECON (value 1 (Yes) and 2 (No)) and FIN (value 1 (income>24.000, 2 (12.001≤income≤24.000), 3 (6.001≤income≤12.000), 4 (1≤income≤6.000) and 5 (income=0)) described Economic Autonomy and Annual Income respectively, are defined as Economic Characteristics, and finally variables PHYS (values 1 (totally agree) up to 5 (totally disagree)) and HEALTHY (values 1 (totally agree) up to 5 (totally disagree)) capture Physical Energy and Health Sense respectively as Health Characteristics. 
 Furthermore, the summary statistics for Quality of Life and Demographic, Social, Economic and Health Characteristics are listed in Table 1.
	Table 1: Descriptive statistics of variables

	Variables
	 
	 Mean
	 Std. Dev.
	 Maximum
	 Minimum
	 Observations

	AGE
	 
	1.905
	 0.763
	3.000
	1.000
	897

	ECONOMY
	
	1.248
	 0.432
	2.000
	1.000
	897

	EDUCA
	
	7.094
	1.575
	9.000
	1.000
	897

	HEALTHY
	
	2.509
	1.051
	5.000
	1.000
	897

	MONEY
	
	3.041
	 0.959
	5.000
	1.000
	897

	PHYSICAL
	
	2.624
	1.013
	5.000
	1.000
	897

	LQS
	 
	 0.397
	 0.489
	1.000
	0.000
	897



Regression results are summarized in Table 2. The estimates suggest that there are important links between the sense of quality of life and demographic, social, economic and health characteristics, although the nature of the linkages differs when all characteristics are simultaneously in the model. In columns (a) - (f) of Table 2 the estimated coefficients of all characteristics have a negative sign and are highly significant (1%), when each one is only separately included in the model. But here we should be careful about the interpretation of the regressors. More specifically, in column (a) the estimated coefficient of ECON has a negative sign, suggesting that more economic autonomy (from value 2 to value 1) implies higher probability of LQS. The same interpretations hold in columns (b)-(e). Thus, they imply that greater educational level (from value 9 to value 1), physical energy (from value 5 to value 1), health sense (from value 5 to value 1) and annual income (from value 5 to value 1) lead to higher probability of LQS. But on the other hand, column (f) shows that higher AGE (from value 1 to value 3) suggest lower probability of LQS. 
These results are robust with respect to changes in the specification of the regressions by including in several combinations other variables (columns (g)-(k)). Thus, the coefficients of all regressors are still, at the most cases, highly significant (1%) regardless of the inclusion of other variables. But in column (l) our results suggest that the simultaneous inclusion of all regressors, the coefficients of EDUC and AGE have the negative signs but they are insignificant. At the same time, controlling for all variables increases the goodness-of-fit of the regressions and implies that PHYS has the largest impact (estimated coefficient -0.661) on the probability of LQS and the HEALTY has the second one (estimated coefficient -0.224).  


Table 2: Sense of Quality of Life and Demographic, Social, Economic and Health Characteristics 
[image: ]
3.2 Age Life Quality, Educational Level, Economic Characteristics, and Health Link
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 Variable Quality of Life, Life Enjoyment, and Happiness Sense, mentioned above. The dummy variable was associated with the following variables and groups of variables: The first correlation includes Age variable as Demographic Attribute. The second correlation includes the Educational Level variable as a Social Attribute. The third correlation includes a group consisting of the independent variables Economic Autonomy and Annual Income as Economic Characteristics. The fourth correlation includes a 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 Life Quality and Life and Happiness, is related to Age (integer values ​​1 to 3), as a Demographic Characteristic variable, as follows:

LQS = 0,191 (AGE) + 2,165




Table 1: Association of Life Quality Sense Elements, Educational Level, Economic Characteristics and Health Characteristics through Linear Regression
	Variables
	Dependent False Variable
	Question number
	Independent Variables
	Linear Regression Coefficient
	Fixed linear regression

	Quality of life
	The Sense of Quality of Life
	Demographic Features
	

	Enjoy life
	
	2
	Age
	0,191
(p=0,000)
	2,165
(p=0,000)

	Happy
	
	
	
	
	

	Quality of life
	The Sense of Quality of Life
	Social Features
	

	Enjoy life
	
	9
	Educational level
	0,103
(p=0,000)
	1,796
(p=0,000)

	Happy
	
	
	
	
	

	Quality of life
	The Sense of Quality of Life
	Financial Features
	

	Enjoy life
	
	12
	Economic self-reliance
	0,264
(p=0,000)
	1,663
(p=0,000)

	Happy 
	
	13
	Annual income
	0,176
(p=0,000)
	

	Quality of life
	The Sense of Quality of Life
	Characteristics
Health
	

	Enjoy life
	
	21
	I have very good physical energy
	0,387
(p=0,000)
	1,047
(p=0,000)

	Happy
	
	15
	I'm pretty healthy to have activity
	0,186
(p=0,000)
	




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

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 Autnomy) + 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 Sensitivity (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 the Educational Level, as Demographic and Social Characteristics of Respondents respectively.
The depiction of the economic and social characteristics as well as the state of health of the elderly among the different Centers for Open Elderly Protection of Greece is achieved through the use of the ArcMap program, in which the table data is imported. 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.
Thus, the public institutions and health service providers concerned are given the opportunity to take prompt decisions on their actions.
[image: ]

4. Conclusions
In this study, we tried to analyze the usefulness of GIS to investigate the socio-economic indicators that affect the health level of the elderly. In particular, the research questions and their relevance, the content of the questionnaire, the data collection process, their processing and analysis, moral ethics, existing constraints, as well as the population and the sample of research were made.
In the statistical survey, the following findings were made regarding the correlation of demographic, social, economic characteristics and health characteristics with aspects of Quality of Life, using the methodology of the Spearrman linear association mentioned above, given that all the associated research variables were mainly qualitative:
1. Regarding the correlation between demographic characteristics and aspects of the Quality of Life of the elderly, it is ascertained that: a) the hypothesis is that the under-70s are better understood and experienced by all aspects of Quality of Life compared to ages 70 - 80 years old, who in turn live better than those over the age of 80; b) there is no statistically acceptable relationship between the marital status and the aspects of Quality of Life.
2. Regarding the correlation between social characteristics and aspects of the quality of life of the elderly, it is established that: a) the hypothesis is that residents living in urban areas today perceive and better live all aspects of Quality of Life compared to those residing in semi-subsistence areas which, in turn, live better than those living in rural areas; (b) the hypothesis is verified that those living in urban areas in the past and better live all aspects of Quality of Life compared to those living in semi-urban areas, which in turn live better than those living in rural areas; (c) the hypothesis is verified that holders of higher education qualifications and better live through all aspects of Quality of Life compared to those with lower education qualifications.
3. Regarding the existence of correlations between the economic characteristics and the aspects of the Quality of Life of the elderly, it is established that: a) the hypothesis is verified that those with economic self-sufficiency better live all aspects of Quality of Life compared to those lacking economic self-sufficiency; ) the hypothesis is verified that those with the highest annual income better understand and live all aspects of Quality of Life compared to those that have a lower level; c) the hypothesis is verified that those who believe that the economic crisis does not affect them, they perceive better the Quality of Life and they are of the opinion that they enjoy life. However, the perception of the current economic crisis is not statistically correlated with a sense of happiness for most of the time.
4. Regarding the existence of correlations between health attributes with the aspects of Quality of Life of the elderly, it is established that: a) the hypothesis is verified that the health-enabling person of the activity best suits all aspects of Quality of Life compared to those who do not (b) the hypothesis is established that those who have a good physical condition better live all aspects of Quality of Life than those who do not have a good physical condition; (c) verifiability it is assumed that those suffering from pain affecting their well-being have a worse outreach to all aspects of Quality of Life than those who do not suffer from pain; (d) the hypothesis is confirmed that those who have a problematic health that confines them to home live worse all aspects of Quality of Life compared to those not limited to home for health reasons.
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.
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(a) (b) (c) (d) (e) (f) (g) (h) (i) (j) (k) (l)

constant 0.467*** 0.999*** 1.098*** 1.776*** 0.723*** 0.243*** 1.467*** 2.296*** 3.123*** 3.202*** 1.860*** 3.273***

(0.133) (0.200) (0.122) (0.146) (0.145) (0.114) (0.226) (0.253) (0.284) (0.288) (0.242) (0.295)

ECON -0.591*** -0.499*** -0.432*** -0.503*** -0.420*** -0.414*** -0.445***

(0.104) (0.106) (0.112) (0.121) (0.129) (0.115) (0.131)

EDUC -0.178*** -0.157*** -0.109*** -0.076** -0.057* -0.094*** -0.048

(0.028) (0.028) (0.030) (0.032) (0.333) (0.031) (0.034)

HEALTHY -0.562*** -0.518*** -0.231*** -0.232*** -0.224***

(0.048) (0.049) (0.060) (0.060) (0.060)

PHYS -0.814*** -0.673*** -0.663*** -0.661***

(0.057) (0.066) (0.066) (0.066)

FIN -0.327*** -0.114* -0.183*** -0.109*

(0.046) (0.060) (0.053) (0.060)

AGE -0.266*** -0.209*** -0.077

(0.056) (0.061) (0.098)

No. of Observations 897 897 897 897 897 897 897 897 897 897 897 897

McFadden R-squared 0.028 0.035 0.129 0.215 0.042 0.019 0.054 0.157 0.255 0.258 0.075 0.259

Dependent variable:  Sense of quality of life (LQS)

Explanatory Variables

Notes: Probit estimation, ***,** and * indicate significance at 1%, 5% and 10% level respectively (White-heteroscedasticity-robust standard errors in 

parenthesis)
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