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 ■ Abstract 
OBJECTIVES: The aim of this study was to investigate the 
spatial variation of diabetes in relation to the geographical 
variability of socio-environmental characteristics in the ur-
ban districts of Athens. METHODS: A sample of 2,445 indi-
viduals from the greater area of Athens was randomly en-
rolled in the ATTICA study between 2001 and 2002. Diabe-
tes was defined according to American Diabetes Association 
criteria. Geographical and statistical analyses were applied 
to examine the relationship between diabetes prevalence 
and factors related to education, economic status, population 
density, immigrant status, and availability of urban green 
areas. Diabetes prevalence and socio-environmental factor 
mapping was based on the Geographic Information Systems 
(GIS) technology. Variograms and spatial quasi-Poisson re-
gression analysis evaluated the associations of diabetes with 

the socio-environmental variables at the municipal level. 
RESULTS: According to the geographical analysis and 
mapping, the highest proportions of people with diabetes 
were found in the West sector and in one district of the East 
and South sector each. Regression analysis revealed that the 
proportion of inhabitants with higher education is negatively 
correlated with diabetes prevalence in the regional areas of 
Athens. CONCLUSIONS: The study revealed that socio-
environmental status in residential areas, especially educa-
tional and economic levels, is correlated with diabetes preva-
lence at the aggregate level. These correlations may reflect 
socio-economic segregation patterns at the district level, and 
different prevalence rates of diabetes among individuals with 
higher income and educational levels. 
 

 

Keywords: diabetes · socio-environmental factor · socio-
economic · Geographic Information System 

 

1. Introduction 
 

 iabetes mellitus has long been associated 
 with severe vascular complications, includ- 
 ing cardiovascular disease (CVD), kidney 

failure, blindness, lower limb amputation, and 
nerve damage, which cause quality of life to de-
grade and premature mortality to rise [1-2]. The 

prevalence of diabetes is escalating worldwide, 
making it a high-priority non-communicable dis-
ease (NCD) targeted for action by world leaders. 
The global prevalence of diabetes has nearly dou-
bled since 1980, rising from 4.7% to 8.5% in the 
adult population, especially in low- and middle-
income countries [2-3]. Type 2 diabetes is the most 
common form of diabetes, accounting for 80% to 

R
ep

ri
nt

fr
om

T
he

 R
ev

ie
w

 o
fD

IA
B

E
TI

C
ST

U
D

IE
S

V
ol

14
   

N
o 

4
20

17
/2

01
8 

   
  

 
 
 



 

382  The Review of DIABETIC STUDIES Faka et al. 
   Vol. 14 ⋅ No. 4 ⋅ 2017 

 

Rev Diabet Stud (2017) 14:381-389  Copyright © by Lab & Life Press/SBDR 

over 95% of cases, depending on regional differ-
ences [4]. In many studies, the global burden of 
type 2 diabetes has been associated with multiple 
lifestyle-related factors, such as overweight and 
obesity, lack of exercise, unhealthy diet, and smok-
ing, leading synergistically to a higher risk of CVD 
and other related cardiometabolic disorders [5]. 

 At the same time, observational studies have 
indicated that diabetes prevalence is related to dif-
ferent aspects of the socioeconomic status (SES) of 
individuals, including education level, income, and 
occupational prestige [6]. The main mechanisms 
accounting for these findings are thought to be 
based on inappropriate health-related behavior, 
deficient diabetes-related knowledge, insufficient 
access to and use of care, and unaffordability of 
healthy food, among other factors [6-7]. Given that 
the spatial distribution of individuals in geo-
graphical regions largely depends on key socioeco-
nomic characteristics of individuals and regions 
(e.g., income and real estate prices), health out-
comes may also be based on geographical patterns 
[8]. For instance, Tyrovolas et al. found that the 
altitude of residency may be associated with the 
occurrence of the metabolic syndrome and diabetes 
[9]. 

Socio-environmental characteristics of a resi-
dential area can be described by two kinds of data, 
namely: 

 
1. Aggregate individual-level data, including 

income, educational level, and health out-
come. 

2. Geographical data, including population 
density and the availability of green and 
recreational spaces. 

 
With these data geospatial analysis can be ap-

plied to analyze the joint spatial distribution of 
health outcomes (e.g. diabetes prevalence) and 
socio-environmental characteristics of neighbor-
hoods [10]. 

However, most epidemiological studies have fo-
cused on the association between diabetes and 
SES [11-14]. Relating the geographical variability 
of diabetes to socio-environmental characteristics 
may result in increased knowledge into the diabe-
tes-SES relationship at a population level, but 
such research is limited in the literature [15-16]. 
In this regard, the aim of the present study was to 
investigate the spatial variation of diabetes in the 
Athens metropolitan area in relation to the geo-
graphical availability and variability of socio-
environmental characteristics in the urban dis-
tricts of Athens. 

2. Methods 

2.1 Sample data 

The ATTICA study started in 2001 and in-
cluded two follow-ups, at 5 and 10 years. It was 
carried out in the greater area of Athens (including 
78% urban and 22% rural regions) [17]. At base-
line (2001-2002), 4,056 inhabitants from the above 
area were invited to participate in the study. After 
excluding those with CVD (i.e., n = 117) and those 
with chronic viral infections (n = 107), 3,042 finally 
agreed to participate (75% participation rate); 
1,514 were men (18-87 years) and 1,528 were 
women (18-89 years). The individuals were exam-
ined at their home or place of work by trained per-
sonnel (cardiologists, general practitioners, dieti-
cians, and nurses) [18]. The sample size used in 
this study included 2,445 individuals with com-
plete data for geographical identification and as-
sessment of diabetes status. More details about 
the aims, design, and methods used in the ATTICA 
study may be found elsewhere [17]. 

2.2 Socio-environmental data 

For regional assignment of participants in the 
present analysis, we used the participants’ resi-
dential addresses, which were recorded during the 
ATTICA study. The selected variables are related 
to environmental factors and living conditions that 
may directly or indirectly impact health behavior. 
Obesity, which is a strong risk factor for diabetes 
[5], is highly correlated with poor diet and low 
area-level SES status [8, 19, 20]. The odds for un-
healthy diet are increased in areas with lower edu-
cation levels [21] and in lower-income neighbor-
hoods where obesity rates are higher [22]. Racial 
and ethnic composition is another factor which is 
used as a crude proxy for a variety of socioeco-
nomic characteristics [8]. 

Abbreviations: 
 

CVD cardiovascular disease 
Cs central sector 
EEA European Environment Agency 
Es east sector  
GIS Geographic Information Systems 
GLMM generalized linear mixed model 
ISCED International Standard Classification of 

Education 
NCD non-communicable disease 
Ns north sector 
SES socioeconomic status 
Ss south sector 
Ws west sector 
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Furthermore, existing evidence indicates that 
immigrants tend to follow “obesogenic” dietary 
practices and have an increased risk of physical 
inactivity [23-24]. Physical inactivity is also de-
scribed as a risk factor for diabetes; it is affected 
by physical environment and lack of green and 
recreational areas which promote sedentary life-
style [25-26]. Lovasi et al. reported that the avail-
ability of high green-space rates and low popula-
tion density were associated with increased physi-
cal activity [27]. 

The variables we used to define the socio-
environmental status included: 

 
- Average real estate prices and average an-

nual income (year 2009) obtained from the 
General Secretariat for Information Systems 
of the Greek Ministry of Economy and Fi-
nance. 

- Percentage of illiterate population (not com-
pleted primary school, i.e. ISCED level 0) 
[28]. 

- Percentage of the population with higher 
education (completed upper secondary edu-

cation or have received a 
degree from a university 
or technical institute, i.e. 
ISCED levels 3-6). 

- Percentage of immigrants 
in the total population 
and their population den-
sity (residents per km2), 
based on 2011 census 
data of the Statistical 
Authority of Greece. 

- Percentage of green ur-
ban areas in the total 
area of each district, 
based on land-use data 
for the reference year 
2006, from Urban Atlas, 
European Environment 
Agency (EEA). 

2.3 Diabetes diagnosis 

Diagnosis of type 2 diabetes 
was based on the criteria of the 
American Diabetes Association, 
i.e., fasting blood glucose >125 
mg/dl or the use of antidiabetic 
medication [29]. 

2.4 Spatial data 

In the present study, the spatial units of analy-
sis were the metropolitan area sectors and dis-
tricts of Athens. The subdivision of the metropoli-
tan area into sectors was based on the fact that the 
study area is characterized by spatial heterogene-
ity and socioeconomic disparities regarding social 
characteristics, economic level, nationality, and 
others [30-31]. For this reason, and based on stud-
ies relevant to social segregation in Athens [32-33], 
the study area was divided into five sectors, each 
sector comprising districts with largely homoge-
nous socio-environmental characteristics (see Fig-
ure 1): 

 
1. East sector (Es): 7 districts, 374,816 resi-

dents, 391 participants 
2. South sector (Ss): 7 districts, 437,171 resi-

dents, 288 participants 
3. West sector (Ws): 11 districts, 775,014 resi-

dents, 548 participants 
4. North sector (Ns): 10 districts, 496,025 resi-

dents, 326 participants 
5. Central sector (Cs): 5 districts, 1,055,101 

residents, 892 participants 

 
 
Figure 1. Athens metropolitan area and spatial units of reference (sectors and 
districts, 2015). 
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2.5 Geographical analysis 

The geographical analysis was performed using 
Geographic Information Systems (GIS), a geospa-
tial technology commonly used in area-based 
health studies [10, 34]. A spatial database was 
created in which GIS layers of spatial units (sec-

tors) of reference were recorded. 
Socio-environmental data and 
data related to the observations 
of the ATTICA study were geo-
coded and aggregated for the 
respective districts through a 
series of GIS-supported proce-
dures. Geocoding of diabetes 
data was based on the residen-
tial address of each participant 
in the ATTICA study by attrib-
uting each observation to the 
district in which the participant 
was residing. The aggregation 
was performed by summing up 
the observations per district to 
calculate the total number of 
people with diabetes in each 
spatial unit (i.e., sectors 1-5). 

To normalize disease values, 
the number of people with dia-
betes per district was expressed 
as proportion per 1,000 obser-
vations. Geocoding and aggre-
gation procedures were re-
peated for socioeconomic and 
environmental data, and the 
respective variables were calcu-
lated. As a result, each socio-
environmental variable had one 
value per spatial unit (i.e. sec-
tor). 

Subsequently, the values of 
each variable were classified 
into five classes using the 
“natural breaks” method. 
“Natural breaks” is a classifica-
tion method designed to ar-
range values into different 
classes by seeking to minimize 
each class’s average deviation 
from the class mean, while 
maximizing each class’s devia-
tion from the means of the 
other classes [35]. By this 
means, the variance within 
classes is reduced and that be-
tween classes is maximized. 
The output of this final proce-

dure was a series of thematic maps that demon-
strated socio-environmental status and diabetes 
prevalence across the districts of the five sectors. 
ArcGIS version 10.2 (ESRI Inc., Redlands, Califor-
nia, USA) software was used for all geographical 
analysis procedures. 

 
 
Figure 2. Thematic maps of diabetes prevalence and socio-environmental vari-
ables. The maps show the spatial distribution of (a) diabetes prevalence, (b) illit-
erate population, (c) higher educated population, (d) average annual income, (e) 
average real estate prices, (f) immigrants, (g) population density, and (h) green 
urban areas across the districts of Athens. Sectors are highlighted by thick dark 
grey borderlines. 
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2.6 Statistical analysis 

Associations between socio-environmental pre-
dictors and diabetes prevalence were examined us-
ing variogram and regression analysis for spatial 
data. The variogram in spatial statistics repre-
sents the covariance between observations of a 
variable measured at different geographical loca-
tions, and is equivalent to the correlation analysis 
in statistics. However, the variogram also takes 
into account the fact that measurement points are 
not independent of each other [36]. 

Spatial regression analysis was performed by 
estimating a generalized linear mixed model 
(GLMM). In order to account for overdispersion of 
diabetes cases and the spatial correlation of obser-
vations, the estimation procedure consisted of a 
quasi-Poisson regression with a Gaussian spatial 
correlation structure [36, 37]. In addition, spatial 
correlations between population density and dia-
betes cases were taken into account by considering 
population density as an ordered categorical vari-

able with five categories in the random-effects part 
of the quasi-Poisson model. Variable selection was 
based on the results obtained from the variogram. 
Independent variables were the percentage of the 
population with higher education, and the per-
centage of green urban areas in the districts. The 
dependent variable was the number of diabetics 
per 1,000 residents in the corresponding districts. 

Variogram and spatial regression analyses 
were estimated with the routines implemented in 
the gstat and MASS packages of the statistical en-
vironment R [38, 39]. 

3. Results 
Figure 2 shows the spatial distribution of dia-

betes prevalence and all socio-economic and envi-
ronmental variables, demonstrating the spatial 
and socioeconomic inequalities across the districts 
of Athens. Specifically, Figure 2a indicates that 
diabetes proportions differ among the sectors and 
districts within the sectors. The highest numbers 

 
 
Figure 3. Variograms of diabetes cases and socio-environmental variables. Continuous lines were calculated on a variogram 
model using a Gaussian spatial correlation structure with nugget parameter 0.1. 
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were found to be concentrated in Ws and in two 
districts of Es and Ss. Regarding the thematic 
maps of the socio-environmental variables, Ws was 
also identified as a sector with low socio-environ-
mental status according to most indicators. Par-
ticularly, Ws had the lowest educational level, as it 
included the highest proportion of illiterate popu-
lation and the lowest proportion of higher edu-
cated population across all its districts (Figures 
2b and 2c). 

The population in Cs also had a lower educa-
tional status compared with the residents in other 
sectors (Figure 2c). With regard to economic level, 
the lower-income population lived in Ws and Cs 
(Figure 2d), and Ws had the lowest real estate 
prices (Figure 2e). In contrast, Ns included the 
higher-income population, and along with the 
southern municipalities of Ss, they scored highest 
regarding real estate prices (Figures 2d and 2e). 

The highest proportion of immigrants and the 
highest population density were observed in Cs 
and some of the neighboring districts (Figures 2f 
and 2g). The highest proportion of green urban ar-
eas was present in the northern districts of Cs and 
in some districts of Ns, whereas few green urban 
areas existed in Ws, Es, and Ss (Figure 2h). 

The results of the variogram analysis are sum-
marized in Figure 3. In each panel of Figure 3, 
the covariance of the corresponding socio-
environmental variables and diabetes cases is plot-
ted against the distance between observation 
points. The panels in the diagonal show the 
variograms of a single variable, whereas the off-
diagonal elements indicate the cross-variograms of 
variable pairs. The slopes of the lines included in 

each panel represent the degree of spatial cluster-
ing of observations in the districts of Athens for 
the variables considered. The upper left panel of 
Figure 3 shows that there was no strong spatial 
clustering of diabetes cases; they were in fact dis-
tributed regularly across the districts. The cross-
variograms show that only income, education, and 
green urban areas were associated with the spatial 
distribution of diabetes cases. In particular, the 
cross-variogram between income and education re-
veals that these variables were highly correlated, 
and show a strong tendency towards geographical 
clustering. 

On the basis of the variogram results, the co-
variates of the quasi-Poisson regression analysis 
reported in Table 1 were restricted to education 
(i.e., percentage of the population with higher edu-
cation), and the percentage of green urban areas. 
The coefficient estimate of education revealed that 
the percentage of higher education in the districts 
was associated with a 4.3% decrease in diabetes 
prevalence. In contrast, the percentage of green 
urban areas did not seem to be associated with 
diabetes incidence at the aggregate level (0.006, 
95% CI: -0.034; 0.047, Table 1). 

4. Discussion 
The aim of the present study was to examine 

the spatial distribution of diabetes in relation to 
socio-environmental characteristics in the districts 
of the Athens metropolitan area (Greece). The 
study area was characterized by social segregation 
[32-33], which was reflected by the distribution 
patterns of diabetes and socio-environmental fac-
tors across the different sectors. 

The regression analysis revealed a negative 
spatial correlation between the percentage of in-
habitants with higher education and diabetes 
prevalence. This clustering pattern of education 
and diabetes prevalence at the municipal level 
agrees with previous findings based on individual-
level data, which indicated a negative association 
between higher education and diabetes risk [40-
41]. Since income and education are highly corre-
lated (Figure 3), our findings suggest that indi-
viduals with higher educational and income levels 
tend to build geographical clusters where diabetes 
prevalence is lower. This observation also seems to 
agree with a previous study in the United King-
dom demonstrating that, among women, the rela-
tive odds of diabetes at the individual level de-
crease with higher income levels [42]. 

Neither spatial correlation nor regression 
analysis showed a joint distribution pattern be-

Table 1. Results from quasi-Poisson regression analysis evaluating 
the association of socio-environmental variables (independent) with 
diabetes cases (dependent) (n = 40). 
 

Variable Beta coefficient (95% CI) 

Intercept 4.206 (1.839; 6.573) 
Higher education (%) -0.043 (-0.085; -0.002) 
Green urban areas (%) 0.006 (-0.034; 0.047) 
Random effects (sigma)a 1.81 
Overdispersionb 3.53 

 

Legend: The beta coefficients represent the average deviations from 
the overall mean (i.e. the intercept) in the logarithmic scale. a A total 
of five random effect levels according to population density intervals 
in ascending order (i.e. from less densely populated to most densely 
populated) were included. b The overdispersion coefficient accounts 
for additional variance not captured by the simple Poisson model. 
Values greater than 1 mean that the data show larger variation than 
expected from the simple Poisson model.  



 

Socio-Environmental Factors and Diabetes The Review of DIABETIC STUDIES  387 
  Vol. 14 ⋅ No. 4 ⋅ 2017 
 

www.The-RDS.org  Rev Diabet Stud (2017) 14:381-389  

tween the proportion of immigrants, green urban 
areas, and diabetes cases at the municipal level. 
These results are contradictory to the assumption 
that areas with high scores of green and recrea-
tional spaces motivate people to adopt physically 
active lifestyles [25-27]. Our findings suggest that 
the potential protective effects of physical activity 
on diabetes prevalence in the Athens metropolitan 
area are not related to the availability of green ar-
eas, but rather to education-related lifestyle fac-
tors. 

The impact of individual socioeconomic status 
on diabetes has been investigated in many studies, 
including previous publications of the ATTICA 
study [13-14, 40-41, 43]. However, in contrast to 
previous studies, a geographical dimension was 
added to the investigation of the relation between 
SES factors and diabetes, which offers a new view 
on the role of socioeconomic factors in the risk of 
diabetes. The use of GIS-based methods and the-
matic maps contributes to a better understanding 
of spatial distribution patterns related to diabetes 
prevalence in metropolitan areas [21, 44]. Fur-
thermore, since the associations reported in the 
present study explicitly model the spatial depend-
ences between observed socio-environmental vari-
ables, they hold true despite inter-municipal varia-
tions. 

A limitation of the present work is that only 40 
geographical units were available for investiga-
tion. This means that socioeconomic disparities 
within districts could not be considered for a pos-
sible improvement of the precision and efficiency of 
estimates. Another limitation is related to the dif-
ferent reference years of the variables, which may 

have caused additional variance to the estimates. 
However, because of the small time period between 
the reference years (i.e., 2009 vs. 2011) the vari-
ables (e.g., the percentage of green urban areas) 
were not expected to vary considerably. Therefore, 
the additional variance caused by the different ref-
erence years was considered to be insignificant. 

Finally, in future research, it would be interest-
ing to examine the role of other mediators at the 
geographical and individual level, e.g. availability 
of fresh foods, food consumption behavior, and dia-
betes-related knowledge, which could not be inves-
tigated in the present study because of the un-
availability of appropriate data. 

5. Conclusions 
The present study showed that socio-environ-

mental variables in residential areas, especially 
education and economic status, are correlated with 
diabetes prevalence at the aggregate level. These 
correlations may reflect socioeconomic segregation 
patterns at the municipal level since there were 
lower prevalence rates of diabetes among indi-
viduals with higher income and educational levels. 
This association was obtained with geographical 
data and corroborates previous findings indicating 
lower diabetes prevalence among individuals with 
higher educational levels. 
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