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Abstract

This study examines spatial disparities and associations between the social deprivation
index (SDI) and Type 2 Diabetes, Dementia, and Heart Failure in Italy’s Lazio Region.
The primary goal is to assess how social deprivation impacts health inequalities by analys-
ing SDI-disease correlations. This retrospective study uses 2020 socioeconomic data and
2021 epidemiological indicators in Lazio Region, Italy. The SDI, constructed following
established guidelines, measures social deprivation. Statistical tools, including regression
models, Moran’s I test, and LISA techniques, are used to analyse spatial patterns. Uti-
lizing a retrospective approach, we merge 2020 socioeconomic and 2021 epidemiologi-
cal data for analysis. The SDI is computed using established methods. Spatial disparities
are explored through regression models, Moran’s I test, and LISA techniques. The study
reveals significant disparities in disease incidence. District V in Rome exhibits high Type 2
Diabetes (113.75/1000) and Heart Failure (37.98/1000) rates, while Marcetelli has elevated
Dementia incidence (19.74). Southern municipalities face high unemployment (up to 25%),
whereas bordering areas have higher education levels (30-60%). Disease hotspots emerge
in Rome and centre-north municipalities, aligning with social deprivation patterns. Regres-
sion models confirm the link between disease incidence and socioeconomic indicators. SDI
ranges from— 1.31 to+ 10.01. This study underscores a correlation between social depriva-
tion and disease incidence. Further national-level research is essential to deepen our under-
standing of how social deprivation influences health outcomes, with potential implications
for addressing health disparities both regionally and nationally.
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1 Introduction

Social deprivation refers to an individual’s or a group of individuals’ inability to access
material and social resources, as well as to the fragility of social networks ranging from
family to community (Lamnisos et al., 2019; Townsend et al., 1988).

In other words, it can be defined as follows: “A state of observable and demonstrable
disadvantage relative to the local community or the wider society or nation to which an
individual, family or group belongs” (Paterson & Gregory, 2019). The most useful tool for
evaluating social deprivation and its relationship to health outcomes, are Social Depriva-
tion Indices, which provide a comprehensive and nuanced understanding of social depriva-
tion than traditional measures such as income or education (Minichilli et al., 2017).

Deprivation indices are multidimensional measures of material and social resources
developed since the 1980s (Carstairs & Morris, 1989) already widely applied to under-
stand health inequalities. From the Robert Graham Center (https://www.graham-center.
org/maps-data-tools/social-deprivation-index.html) the policy institute affiliated with the
American Academy of Family Physicians, the social deprivation index (SDI) instead takes
into account information related to social factors that influence health outcomes and health-
care utilization. It employs this data to develop a predictive model and assess its consist-
ency across various geographic areas. (Phillips et al., 2016). The SDI is a tool commonly
used tool that assesses geographic areas’ deprivation levels by combining various indi-
cators into a composite measure. Like other composite indicators, the SDI is valuable in
evaluating relative positions, aiding policy analysis, trend identification, and performance
monitoring of area-level deprivation to quantify, for example, the socio-economic variation
in health outcomes (Butler et al., 2013). It summarizes multidimensional concepts, aid-
ing decision-makers and public communication, yet may lead to misleading conclusions
if poorly constructed or misinterpreted. While advantageous in simplifying complex data,
composite indicators could mask deficiencies and lead to inappropriate policies if con-
struction lacks transparency or ignores challenging-to-measure dimensions (OECD et al.,
2008). Literature indicates that the most useful parameters to investigate social deprivation
belong to demographic, social, and economic domains. In particular, many studies focused
on socio-economic domains, including income, education, house ownership, employment
status, and social class in terms of occupation (Jarman, 1983; Kawachi & Subramanian,
2007; Rosano et al., 2020). Reducing the significant health gaps between different socio-
economic groups, which are determined by factors like education, occupation, and income,
poses a major challenge for public health efforts.According to literature, a higher socio-
economic deprivation has a negative impact on a wide variety of health outcomes (Dunn,
2014), demonstrating how health disparities are linked to systematic differences in social
or socioeconomic position (Coyte et al., 1995).

Lazio is the second most inhabited region in Italy, (the ninth in terms of geographi-
cal dimension) with a population density unevenly distributed over the regional territory,
varying between 115 in the municipality of Micigliano inh/km?* and 2969 inh/km? in the
municipality of Ciampino. Hosting Roma, the Capital City of Italy, its territory is vastly
variable in both geographical and social terms, with the second highest number of foreign
residents among all Italian regions. Its 378 municipalities are variously engaged in eco-
nomic activities related to all three economic sectors (ISTAT, 2022). Therefore, its hetero-
geneous socio-economic development reflects both in the educational and business-related
contexts. Following the definition included in Healthy People 2010 (United States D of
H & HS, 2000), differences that occur in gender, race or ethnicity, education or income,
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disability, geographic location, or sexual orientation can all be considered various forms of
inequalities. As a matter of fact, although universal healthcare represents the health system
model in Italy, the renowned right to public healthcare does not always materialize. While
entitlement to access healthcare is important, it is crucial to recognize that it does not auto-
matically guarantee the achievement of horizontal equity in healthcare utilization. Hori-
zontal equity refers to a situation where individuals with the same level of healthcare needs
receive an equal amount of healthcare services, regardless of non-need-related individual
characteristics. These characteristics may include factors like the ability to afford co-pay-
ments for healthcare or the option to purchase private healthcare services, thus bypassing
the potential delays associated with public queues. (Tavares & Zantomio, 2017). Literature
extensively explores the correlation between social deprivation and the occurrence of com-
monly documented pathologies, both at the national and international levels. A significant
link exists between socio-economic factors and health outcomes in Italy, associating status
with diabetes prevalence, particularly impacting women (Fano et al., 2013) and escalat-
ing risks of mortality and hospitalization. This trend extends nationwide, emphasizing the
need for tailored prevention in vulnerable groups (Gnavi et al., 2008). Examining diabetes-
related mortality and dietary trends, a consistent rise is noted, indicating poorer dietary
habits among socially deprived individuals (Altamirano & Sapienza, 2018). Similarly,
analysis of coronary events underscores job status as a pivotal socio-economic factor influ-
encing incidence and mortality, highlighting broader social determinants on heart health
(Alicandro et al., 2018). Cardiovascular risk factor prevention shows socio-economic dis-
parities, with higher education correlating with increased cholesterol monitoring and bet-
ter weight control (Damiani et al., 2011). Finally, Italy’s global dementia plan underscores
the need to address socio-economic factors for comprehensive care, stressing the profound
impact of social inequities on health outcomes and advocating for focused interventions
(Ricci, 2019). Existing literature reinforces a higher dementia prevalence in individu-
als with limited education, particularly pronounced in younger age groups (Ronchi et al.,
1998). Persistent socioeconomic disparities in diabetes prevalence highlight the imperative
for comprehensive research into the underlying mechanisms of this relationship (Tapager
et al., 2023). Studies found regional disparities in self-rated health linked to factors like
poor living conditions and private healthcare expenditure, suggesting that Italian regions
might address health inequalities through targeted policies and interventions (Franzini
& Giannoni, 2010). An 11 European countries study reports lower education correlating
with higher type 2 diabetes mellitus, particularly impacting women (Espelt et al., 2013).
Social disparities consistently affect diabetes care in OECD countries, revealing a two-way
relationship between social deprivation and diabetes development, with a socioeconomic
gradient in complications, particularly in retinopathy and cardiopathy (Tatulashvili et al.,
2020). Poor lifestyle choices associated with social factors, like inadequate sleep and lack
of exercise, amplify insulin resistance (Ricci-Cabello et al., 2010; Tatulashvili et al., 2020).
The global congestive heart failure (G-CHF) registry global examination of heart failure
across 40 countries shows economic factors significantly influence HF characteristics and
outcomes as well, with lower socio-economic status correlating with increased HF inci-
dence and poorer outcomes (Vergallo & Patrono, 2023). Smoking substantially contributes
to a 40% explanation of social disparities in coronary heart disease, emphasizing the need
for urgent efforts, particularly targeting the most deprived (Hawkins et al., 2012). Addition-
ally, in the UK, research on individuals with dementia revealed consistent life expectancy
and mortality patterns across socio-economic groups, highlighting the impact of social
deprivation (Vestergaard et al., 2020). A European scoping review on dementia care high-
lighted issues like fragmented pathways, cultural hurdles, and inadequate skills in acute
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hospital settings. The study called for policy changes emphasizing person-centered care,
integrated pathways, and healthcare workforce development to address these gaps, with
a focus on overcoming stigma, particularly in Western societies and minority groups, to
improve care access and health behaviors, affirming the insights gleaned from the national
literature (Martin et al., 2020).

Supported by official data from the main Italian institutional databases, we calculated
the SDI of the 378 Lazio municipalities and the sub-municipalities of Roma Capitale. That
being stated, in order to manage, analyze and visualize spatial data we relied on a Geo-
graphic information system (GIS). Several research studies already considered the spatial
analysis of the SDI. The utilization of GIS and related spatial analysis methods presents
an invaluable toolkit for examining and comprehending the evolving spatial structure of
healthcare. By leveraging these tools, researchers can delve into the intricate relation-
ship between healthcare provision, health outcomes, and accessibility, thereby uncover-
ing opportunities for enhancing the delivery of healthcare services. This enables a deeper
understanding of the spatial dynamics at play within the healthcare system, allowing for
informed decision-making and targeted interventions to optimize healthcare outcomes
(McLafterty, 2003; Porter & Howell, 2012). Understanding spatial inequality goes beyond
just a simple mapping of the inequality of interest. Comparative analysis using related spa-
tial statistics allows to find results undetectable with a one-method analysis, potentially
assisting in the identification of the underlying distributive, or generating forces.

A set of spatial analysis techniques was applied to analyze the deprivation situation in
the Lazio Region. Understanding spatial inequality entails more than just mapping out the
inequality of interest.

Understanding why these inequalities exist and how policy can address them should be
a primary focus of spatial inequality research (Cascini et al., 2019; Lobao et al., 2007). The
aim of the present paper is twofold. First, a tailored SDI for the various municipalities of
the Lazio region was estimated. Secondly, we will determine whether correlations between
the SDI and the incidence of three of the most frequently diagnosed community diseases,
namely: Type 2 Diabetes, Dementia, and Heart failure, exist.

2 Materials and Methods
2.1 Study Design and Data Sources

This is a retrospective, longitudinal study conducted on the population of Lazio region in
Italy. Socio-economic data referred to 2020 was retrieved from Italian Statistical Institute
(ISTAT) and Roma Capitale datasets. Secondly, epidemiological indicators describing the
incidence of three of the most frequent diseases in the general population, namely type 2
diabetes, heart failure and dementia, were retrieved from the Department of Epidemiology
of Lazio Regional Health (Cascini et al., 2019) for the year 2021.

2.2 SDI Development

The development of our Social Deprivation Index followed Butler et al. (2013) guidelines
for the creation of small area deprivation indices uncovered a series of five crucial stages,
namely the process of identifying appropriate data and geographic boundaries, the care-
ful selection of specific indicators for measuring deprivation, the development of an index
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by amalgamating and assigning weights to these indicators, the rigorous validation and
sensitivity analysis of the index, and finally, addressing and accounting for any uncertain-
ties encountered throughout the study. A geocode shapefile of the municipalities of Lazio
region and metropolitan city of Rome was used to identify our area of interest. Areas were
normalized for one thousand inhabitants. For a better reading, the municipalities were
grouped into two parts: population with less than one thousand inhabitants per square
kilometer and municipalities with more than one thousand inhabitants per square kilom-
eter. Secondly, a literature review was conducted investigating the existing national and
international literature approaching the topic (Malmstrom et al., 1998; Wang et al., 2021;
Croudace et al., 2000; Pampalon et al., 2009, 2012; Myck et al., 2015; Knighton et al.,
2016; Gonthier et al., 2017; Chatelet et al., 2018; Bevan et al., 2021). The selection of
indicator variables was based on available scientific evidence. Single items, derived from
the evaluated indexes correlation with health outcomes, were then studied through Pearson
(r). From the statistical analysis of evaluated items, the most suitable index resulted to be
the one validated in Rosano et al. (2020). Several changes were made to tailor the index
to the study aim by updating variables with the latest available data. Considering rental
housing as mostly allocated by means of market contracts between landlords and tenants
rather than population economic conditions (Dewilde, 2021), we substituted this item with
the percentage of people living in crowded houses to evaluate housing conditions. Once
selected the most suitable sub indicators, standardization was conducted following the
z-scores approach (Anselin, 2016) weighting for persons resident. During the validation
and sensitivity analysis phase of the indicator, a preliminary examination of the pairwise
correlations among the various sub-indicators. In the process of selecting the most suitable
methodology, we compared two approaches: (1) weighted summation of z-scores for indi-
vidual variables and a (2) Weighting method based on Factor Analysis (Vidoli et al., 2015).
The latter aimed to estimate a composite indicator that captures the maximum information
common to individual indicators. Surprisingly, our analysis revealed a highly correlated
and significant positive relationship (Spearman correlation method) between the Weighting
method and the summation of z-scores for individual variables. As a result, the rankings
derived from this Spearman correlation were exceptionally close, rendering them almost
indistinguishable. Consequently, we made the decision to exclude the Weighting method
for the final definition of the indicator to avoid redundancy and complexity, opting instead
for the simplicity and transparency afforded by the summation of z-scores. SDI construc-
tion allowed us to detect the most influential item on the total score.

2.3 Statistical Analysis

Prior to the empirical analysis, all data were standardized (Minichilli et al., 2017). Apply-
ing the Z-scores, we initially estimated a linear regression model explaining the correla-
tion among disease incidence and SDI. Given the spatial nature of the considered variable,
which are likely to display smooth variations in space, we fitted a spatial linear regression
model as well. Multiple linear regressions and spatial regression analyses were also con-
ducted to quantify the relationship between the dependent variables (i.e., epidemiological
indicators) and the set of explanatory variables (i.e., social variables at the municipality
level). Furthermore, in order to test the presence of spatial autocorrelation in the observed
variables, Moran’s I test was also calculated together with the associated local indicator
of spatial association (LISA) techniques (Anselin, 1995). The empirical data examined
allow to reveal the presence of spatial heterogeneity in the form of local clusters (Weeks,

@ Springer



. Valentini et al.

2001; Wei, 2015). Given this, the Moran scatter plot (Ivaldi, 2016) was drafted to catego-
rize spatial association into four typologies, i.e., High values surrounded by High values
(High-High=HH), Low values surrounded by Low values (Low—Low =LL), Low values
surrounded by High values (Low—High=LH) and High values surrounded by Low values
(High—Low =HL). In particular, areas labeled HL (or hotspot) and LH (or cold spot) high-
light the presence of spatial outliers.

3 Results
3.1 Descriptive Statistics of Social and Health Variables

Our sample was constituted by the 378 municipalities of Lazio region in Italy. For each
municipality, we considered the data on the three diseases (i.e., diabetes, heart failure and
dementia). Table S1 shows all social variables considered in the analysis and Table S2
shows the descriptive statistical summary of them. Overall, diabetes was the most fre-
quently reported disease. Table S3 shows all social variables considered in the analysis and
in Table S4(supplementary materials) shows the descriptive statistical summary of them.
The first social variable included in the SDI is the percentage of unemployed individu-
als aged 16-64 years. Related to this variable, the highest percentages are in the southern
municipalities of Lazio (in the provinces of Latina and Frosinone) reaching 25% of the
population. In the metropolitan city it reaches a maximum of 5%, whereas values between
10-15% were registered in the north of the region (province of Viterbo).

As for the percentage of people under 12 years of education, the highest percentages
refer to the municipalities that are at the border with other Italian regions, with values rang-
ing between thirty and over 60% of the population.

The percentage of people renting fluctuates between just over 1% and over 20%. The
largest portion of this percentage can be observed in the metropolitan city of Rome, with
high values also recorded in the municipalities of the coastal area of Lazio. The lowest
values are observed in the provinces of Rieti and Frosinone. As for the percentage of fami-
lies with single parents, peaks were detected in the municipalities of the north-east of the
region, namely those included in the province of Rieti.

Figure S1a in the supplementary materials presents the map and Violin plot illustrating
every social variable that determines the social development index (SDI). The figure allows
for the identification of peaks in the data as well as the visualization of their distribution.
The last social variable is the population density, which peaks up in the municipalities near
Rome and along the Tyrrhenian coast (Figure S1b).

Figure S2 depicts the incidences of the most common diseases per one thousand inhab-
itants in the year 2021. As illustrated, a higher concentration of diseases regards the central
and urban municipalities of Rome if compared with the other areas of the region.

3.2 Correlation Analyses
3.2.1 Sub-indicators
Regarding the preliminary analysis conducted among the five sub-indicators, none of

the correlations are significant (results in Figure S3). The highest correlation was found
between “population density” and “population in crowded houses” (0.39, p value: 0.17),
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whereas the lowest correlation was recorded between “populations in crowded houses” and
“education < than 12 years” (—0,41, p value: 0.13). Both the Moran scatter plots, and the
LISA maps (Fig. 1a, b) show significant spatial clusters.

The combination of Moran scatterplot and the LISA maps for each disease allowed to
understand which locations are contributing most strongly to the primary outcome.

For all the three diseases, the hotspot appears concentrated in in the metropolitan city of
Rome and in the municipalities in the center-north of the region (Fig. 1a, b).

Particularly, for type 2 Diabetes, we observed the presence of cold spots and outliers of
both types (LH and HL) in the Rieti province municipalities. An analogous situation was
observed for Heath failure, but with the presence of only LH outliers. Dementia displays
LH values only in the northern area of the province of Rieti.

To investigate the relationship between the incidence of the diseases (dependent vari-
able) and the socio-economic indicators (predictors), three multiple regressions models
were estimated.

Table 1 shows the main results of the statistical tests conducted on the three regression
models. In the two upper sections of the table, we reported the main tests, while the lower
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Fig. 1 a Moran Plot of incidence of community diseases for 1000 inhabitants in 2021. b LISA Map of inci-
dence of community diseases for 1000 inhabitants in 2021. As a result, there are five potential outcomes
that could arise: (LL) areas that exhibit high values and have neighboring areas with similar values; (HH)
areas that exhibit low values and have neighboring areas with similar values; (HL) areas that exhibit high
values but have neighboring areas with low values; (LH) areas that exhibit low values but have neighboring
areas with high values; and (NA) areas that do not show any notable local spatial correlation

@ Springer



. Valentini et al.

%% 91 —9CTT> I €08Vl sxx 91 —0CTT> C 8L'SIT  sxx  91—0°CTT> 4 18°681 euLeS
*kk C1—4d99°¢ I 106’19 #xx  91—9°CTT> 1 CELYL  wxx 91 —9CT> I €516 e[ 1se) AT SOy
*% 2100 I 8IF0T s 9000°0 I [OTT s €0—H6L'1 I 18'CC 10119 389} JN'T ISNqOY
sxx 91 —9CT> I COLET  sxx 91 —9CTT> I LTYST  sss 91 —°CTT> I 10°L91 Se[ 159 N'T
wx% 91 —9CC I PEI98  sxx 91 —9CT> I I1SO'16  #xx 91 —9CT> I 67°S6 10119359} ]N'T
ok €100 geo % €100°0 1610000 ok €100°0 9¢°0 159} | UBIOjN
ok 11€1000°0 10086°0 s 1$¥%000°0 66786'0 sk €1 —991'C 160 159) oxdeyg
EEs §€98000°0 4 60T VT sexexe 61000°0 C LYO'LT s 91 —9CTT> 4 3014 Ise1oq onbieg
*% 9012000 S O8L' 8T sxx €0—Hd6T'L S SCIE s ¥0—Hd889 S 869'9¢ 1521 uDSPJ—YS1g
anfeAa 4 i anfeA anfeA 4 ¥ anfeA anfeA 4 i anfeA
wxx 91 —9CTT> ok Ol —=9CT>  sxx  91—9CT> onfeA 4
£€€T0 ¥86T°0 8C€T0 2d passnlpy
SeLEy L9'CCT 60°S9 JIv
%% Y1 —H86'¢ 20000 0000 s €1 —96¢°1 20000°0 0 s 91 —9C> 0 20000 Kyrsuap uonendog
*x% 80—HET'8 290 | S A S SO—°IL'8 o 891 1L£9TS°0 P€0  9€1T0— Juored 9SuIS %
*k 90€00°0 §s0 91— 69°0 ¥'0 91'0— 195680 €0 8L¥0°0 juax ur oydoaq %
Hx% S¥000°0 6¥'0 SL'T sk 60—°%0'1 SE0 ITT %% 6L2000°0 870 06201  TI>sIeak uoneonpy %
% 1¥800°0 Lo 61—  wxx 90 —26¥'S 6¥°0 60T~ L68780°0 6€0  8¢89°0— pakodwaupy %
187790 €€0 OT'0—  sxx LO—3LY'] €0 €T s 91 —oC> 81°0 029°0¢ 1dasuauf
oneA 4 JOIId IS QJewnsg oneA g IoIId PIS Qewnsg aneA 4 IO 'PIS  QJewnsg
(enuswe() DOT (emyrey 1reay) DO'T (¢ 2d£y saeqe1p) DO

[opour Jeaur| surfeseq a[dnnw jo SHNSRY | 3|qeL

pringer

Qs



The Impact of Socio-Economic Conditions on Individuals' Health:...

section is related to the regression diagnostics on the model hypotheses. In all three regres-
sions, the overall model is significant (p value <0.001), but not all regressors are signifi-
cant. In particular:

® % Unemployed is not significant in regressions related to the incidence of type 2 diabe-
tes (p value =0.08) and dementia (p value =0.33).
% Education years < 12 is significant for all regressions.
% Population in Crowded House is not significant in the regression related to the inci-
dence of Type 2 diabetes (p value =0.87) and relative to Heart failure (p value =0.69).
e % Single Parents is not significant in the regression related to the incidence of Type 2
diabetes (p value=0.52).
e Population density is significant for all regressions.

The third section of the table shows the results of the tests related to the hypothesis of
heteroskedasticity (Bresh—Pagan test; p value always <0.001) and normality (Jarque Bera
test; p value always < 0.001).

Furthermore, Moran’s I test is positive and significant for all three regressions. This
result confirmed the adequate use of spatial regression models.

Table 2 shows the comparison between the multiple linear regression coefficients esti-
mated above (OLS) and two spatial regression models, namely: the spatial lag formulation
(SLM) and the spatial error specification (SEM). All Lagrange multiplier (LM) tests reject
the OLS model in favor of a spatial alternative, while the robust LM tests (RLM) indicate
a preference towards spatial lag structure. We can see how the signs of the coefficients
remain the same, whereas some variables do not keep the significance reached in the linear
model without spatial components.

3.3 SDI Results/Estimates

The SDI score was categorized into five ranks (i.e., very deprived, deprived, not deprived,
rich, very rich) using the resident population quintiles (Table S5), to group the evaluated
population into categories based on their characteristics.

The Social Deprivation Index ranged between —1.31 to+ 10.01. A positive SDI related
poor health outcomes, whereas a negative SDI linked with high health outcomes (see
Fig. 2). Table S6 in supplementary materials displays spatial outliers of community disease
incidence. The table highlights the most frequent clusters associated with high disease inci-
dence values, encompassing all diseases.

Tables S7 in supplementary materials shows the percentage of municipalities, divided
accordingly to provinces, allocated in each quintile. A positive index was recorded in the
municipality V of the metropolitan city of Rome as well as in the municipalities along the
borders of the region. A Negative SDIs were mostly recorded in the central municipalities
of the region.

3.4 Final Regression Model: Association Between Social Deprivation Index
and Income and Health Outcomes

The main results of this analysis are reported in Table S8.
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Social Deprivation Index of Lazio Region
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Fig.2 Social deprivation index: left map SDI scale (min—1.31; max:+10.01); right map subdivision of
municipalities in relation to the quintiles of its own SDI

All regression models were significant. As for the baseline simple linear regression, SDI
has a positive impact on the incidence of the evaluated diseases. Residuals Moran’s I is
positive and significant, supporting the idea that contiguous municipalities tend to assume
similar values.

All LM tests reject the baseline OLS model in favor of spatial alternative specifications,
while the robust version (RLM) indicates a preference towards the spatial lag structure
(Table S9).

The estimated value of the spatial parameter (rho), positive and highly significant for
all 3 regressions, indicates the presence of a positive spatial dependence SDI and income
on the increase in the incidence of the investigated diseases, confirming previous findings
(Barry et al., 2022; Hossain et al., 2012; Jarman, 1983; Merrild et al., 2022).

4 Discussion

This study aim was to evaluate whether deprived populations might be considered more
susceptible to the incidence of three of the most frequently reported community diseases.
Lazio region resulted particularly suitable for this scope, due to its socio-economically het-
erogenous population. Social inequality is a very actual and already studied topic, both
for its consequences on health outcomes and access to services (McCartney et al., 2019).
In order to quantify the effective burden of the deprived population, we adopted a Social
Deprivation Index. The meticulous selection of the social deprivation index (SDI) is piv-
otal, influencing outcomes in heart failure, diabetes, and transplant contexts, as reported
in existing literature (Deo et al., 2023; Park et al., 2023). SDI plays a critical role in pub-
lic health planning, guiding resource allocation, and highlighting a positive association
with compromised access (Goyal et al., 2023). This underscores its substantial impact on
methodological approaches and interventions within diverse health domains (Pampalon
et al., 2012). In broader public health planning, SDI serves as a crucial tool in identifying
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disparities and indicating a positive correlation with constrained access, pinpointing areas
requiring targeted assistance and informing federal resource allocation (Butler et al., 2013).
Additionally, in the broader context of socioeconomic development, SDI correlates with
per capita GNP, influencing the formulation of strategies and policy instruments (Khan,
1991). Over the past three decades, various measures of deprivation have been suggested
in areas such as health, quality of life, and development research. These measures have
been linked to issues of inequality and poverty. Researchers face a significant barrier when
attempting to construct these indices, primarily due to the arduous nature of accessing and
compiling information on health indicators, environmental factors, and their classification.
Our study, through the adoption of the most accurate and updated available data, tries to
solve this issue, relating to a heterogeneous population as a single study group. At the same
time, its subdivision into quintiles ensured a characterization of the individual subpopula-
tions based on their socio-economic characteristics. A confirmation of this heterogeneity
can be seen into the social variables’ trends, which widely differed among municipalities.
As a matter of fact, despite being the second wealthiest region in Italy in terms of income
(www.statista.com/statistics/976967/highest-gross-domestic-product-gdp-by-region-in-
italy/), Lazio exhibits significant disparities in overall SDI. The registered SDIs, ranging
between—1.31 and 10.01, reflects the existing socio-economic and cultural gap among
municipalities, following Townsend et al. (1979) definition of deprivation as “a state of
observable and demonstrable disadvantage relative to the local community or the wider
society or nation to which an individual, family or group belongs”. The highest SDIs refer
to Rome Municipio V and central areas of the region, whereas the lowest SDIs are the ones
of border municipalities, especially in the southern areas of the region. As for the health
outcomes, investigations on the single diseases’ incidences were already carried out, dem-
onstrating, as previously stated by literature, a correlation among the lowest quintiles and
the number of registered cases of diabetes (Zuijdwijk et al., 2013), dementia (Hofbauer &
Rodriguez, 2023) and heart failure (Hawkins et al., 2012). Data from the Department of
Epidemiology (DEP) in Rome, allowed a rigorous analysis of incidences and their asso-
ciation with deprived communities. Specifically, since the deep interconnection among the
investigated diseases, especially considering the higher risk for cognitive impairment when
cardiovascular diseases or diabetes (Kochhann et al., 2023) pre-exist, living in socioeco-
nomically deprived realities is consistently reported as a risk factor for all three of them
(Kind & Buckingham, 2018). Our statistical analysis encountered diabetes to be the most
prevalent between the three investigated diseases, confirming regional data on the matter
(Istituto Superiore di Sanita, 2023). Overall, for all the three diseases, Rome municipali-
ties and northern areas of the region presented the highest concentration of spatial clusters.
Rieti was the only province to present both cold spots and outlines. As for cold spots, fac-
tors as lower population density compared to other provinces in the region, a more diverse
economy based mostly on agriculture but with a growing tourism industry, as well as a
number of small businesses and industries and a strong community cohesion might have an
influence on the data. When it comes to disease incidence, Rieti may also present some dif-
ferences compared to other areas in the Lazio region. As for the “outlines” in the incidence
of disease such as diabetes, heart failure, and dementia, it must be considered that Rieti
is also an aging town (https://www.tuttitalia.it/lazio/provincia-di-rieti/statistiche/indici-
demografici-struttura-popolazione/#), which could potentially lead to a higher incidence
of dementia as the population ages. Access to healthcare may also be a factor in the preva-
lence of these diseases. The application of Moran I. test allowed to assume the presence
of functional relationships between neighboring regional areas, which confirmed how the
economic differentiation related to health. Despite the lack of correlation among the five
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sub-indicators that make up the SDI, the geospatial analyses demonstrate that SDI scores
are significantly clustered within the region. The northeastern border towns presented three
clusters of the lowest deprivation areas, while central municipalities in the region exhibit
clusters of low SDIs compared to neighboring municipalities with higher SDI. The most
deprived areas were found in the north-eastern area of the region, where type 2 diabetes
found its higher incidence peak. The spatial correlation between neighboring areas may
suggest that environmental factors play a role in the development of diseases, as suggested
by previous research (Crespo et al., 2020). This underscores the need for further investiga-
tion to better understand the relationship between social factors and diseases.

The results shed light on how social determinants play a crucial role in understanding
the spatial distribution of material deprivation and its association with health outcomes.
Additionally, the plotted distribution of evaluated municipalities highlights those that are
furthest from the general tendency of the Lazio urban centers mean values, indicating that
these areas may require targeted interventions to address social deprivation and improve
access to healthcare services. The obtained results confirm the positive impact of SDI
on the investigated disease, with a higher spatial association among SDI and income, as
already reported in the scientific literature (Aggarwal et al., 2010; Clark et al., 2009; Con-
nolly et al., 2000; Zoellner et al., 2011).

Evidence already exist in literature, both regarding the definition of SDI and their appli-
cation to assess deprivation consequences on health (Zoellner et al., 2011). Moreover, pre-
vious researchers have already established an inverse association between socioeconomic
status and the incidence of the most common diseases (Clark et al., 2009; Connolly et al.,
2000). In the Lazio region, the SDI is a commonly used evaluation instrument, as reported
from the Istituto Superiore di Sanita (ISS) (Marsili, 2009). The novelty of this study resides
in its updated data, with information up to 2022, which provides a more current evalua-
tion of the correlation between social deprivation and chronic diseases in the Lazio region.
The provided evidence makes this paper a powerful instrument to inform policymakers and
healthcare providers about the need to prioritize the provision of adequate health services
based on people needs. Additionally, the plotted distribution of evaluated municipalities
highlights which areas are the furthest from the general tendency of the Lazio urban cent-
ers mean values, indicating that these areas may require targeted interventions to address
social deprivation and improve access to healthcare services. Consequently, it is imperative
for policy makers to strategically invest resources in these areas, focusing on targeted inter-
ventions to alleviate social deprivation and enhance access to healthcare services.

Moreover, it is crucial to extend the scope of interventions beyond the immediate areas
of high social deprivation. By also directing investments towards the neighboring munici-
palities, policy makers can address the potential spillover effects and minimize the influ-
ences of deprivation. Recognizing the interconnectivity and interdependencies between
communities is essential for ensuring a comprehensive and effective approach to social
development. Additionally, by extending their efforts to the surrounding municipali-
ties, policy makers can foster regional cohesion and prevent the further exacerbation of
disparities.

The findings of this study should be considered in light of its main limitations and
strengths.

The first limitation is the potential presence of ecological bias. While we may observe
certain trends or patterns at the population level, these may not necessarily hold true at the
individual level. This problem might lead to inaccurate conclusions or recommendations
based on data that is not representative of the experiences of all individuals involved. More-
over, the functional relationships between neighboring municipality areas might suggest a
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context influence on the development of diseases that was not considered and might require
further evaluations of the underlying factors contributing to social deprivation. Also, the
lack of literature defining the single provinces realities did not allow a comprehensive-
enough correlation with past evidence. The use of composite indicators presents various
advantages and challenges, as highlighted by multiple sources (OECD et al., 2008) and
insights from Saisana and Tarantola (2002), Rosen (1991), Sharpe (2004). They enable
effective communication of country performance and facilitate comparisons across dimen-
sions. However, pitfalls exist. Poor construction or interpretation might lead to misleading
policy implications and oversimplified conclusions. Transparency and robust principles are
crucial to prevent misrepresentation or misuse. Debate persists on the meaningfulness of
summary statistics versus the arbitrariness in the weighting process. Despite criticisms, the
allure of summarizing complex data into a single benchmark figure for policy remains,
though it may oversimplify complex realities. The utility of composite indicators hinges on
their suitability and acceptance within specific contexts.

The main strength of this study is the rigorous applied methodology on official data,
which guaranteed up-to-date evidence of the actual Lazio reality. Moreover, the applica-
tion of a validated SDI guaranteed the efficacious standards necessary to gather the needed
data. Finally, the intervention of both statistical and medical professionals involved in the
production of this paper allowed an adequate synthesis of both epidemiological and statis-
tical data.

Further research is needed to investigate the same issues on a nation-wide scale to
obtain a more comprehensive overview on SDI and relevant health outcomes.

5 Conclusions

Social Deprivation index confirmed its efficacy in mapping populations needs, defining the
most critical areas and their spatial distribution. Moreover, a correlation with the incidence
of diabetes, heart failure and dementia confirmed the effective association of deprivation
with a higher health risk. This study empowers this tool and provides important evidence
to decision makers, whilst stimulating researchers to ensure its development in view of its
limitations and potentialities.
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