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PREFACE

Influenza vaccination coverage in the elderly  
and socio-economic inequalities in Italy

D. PANATTO, R. GASPARINI, D. AMICIZIA
Department of Health Sciences (DISSAL), University of Genoa, Italy

http://dx.doi.org/10.15167/2421-4248/jpmh2018.59.4s2.1198

Every year, seasonal  influenza  epidemics affect about 
5-15% of the world’s population, resulting in 3-5 mil-
lion serious cases and 290,000-650,000 deaths [1]. The 
WHO defines seasonal influenza as a year-round dis-
ease burden, causing illnesses that ranges in severity and 
sometimes leads to hospitalization and death [1]. Some 
frail subjects, such as the elderly, are considered at high 
risk of complications, hospitalization and death [2-4]. 
Routine annual vaccination is the most effective means 
of avoiding influenza illness, reducing the associated 
complications and, consequently, reducing the impact of 
epidemics, and is strongly recommended by many health 
authorities worldwide [1, 5, 6]. Italy has a national influ-
enza  vaccination programme which identifies specific 
categories, such as subjects with chronic conditions, 
pregnant women, healthcare workers and those over 65 
years old, which can benefit from free vaccination [7]. 
Despite this health opportunity, the influenza coverage 
rate in Italy does not reach the minimum recommended 
threshold of 75% and is far from the optimum target of 
95% [8]. Indeed, a downward trend in coverage in the 
elderly has been observed since the 2009-2010 season; 
the average national coverage rate fell from 65.6% in 
2009-2010 to 49% in 2014-2015 (its lowest value); a 
slight upward trend was recorded in the 2016-2017 and 
2017-2018 seasons, when coverage reached 52.6% and 
52.7%, respectively [4, 8].
This unsatisfactory level of coverage results in excessive 
recourse to Emergency Departments and in an increase 
in hospital accesses and hospitalization for complica-
tions in the elderly during epidemic peaks, causing or-
ganizational strain and increasing healthcare costs [5, 6].
Some interventions could improve coverage rates among 
the elderly, such as “tailor-made” information campaigns 
using innovative communication strategies and health-
care worker training. It is crucial to implement commu-
nication strategies that take into account the needs of the 
elderly population, while also involving elderly people’s 
associations in awareness-raising activities. Moreover, 
strengthening the role of general practitioners in promot-
ing influenza vaccination is fundamental.
Several international studies have shown that socio-eco-
nomic conditions and deprivation play an important role 
in the lack of adherence to vaccination [9-12]. Specifi-
cally, studies investigating the role of socio-economic 
status (SES) have highlighted the correlation between 
deprivation and low vaccination coverage among groups 
at risk, such as the elderly. Indeed, SES is one of the 
main determinants of health, and affects the subject’s 
ability to fully comply with preventive measures and 

healthcare prescriptions. Moreover, it assumes great rel-
evance with regard to age and non-compliance with in-
fluenza vaccination [10].
In order to implement efficacious interventions to pro-
mote vaccination, it is important to understand the rea-
sons behind non-compliance. This aspect could be inves-
tigated by implementing a model based on the intention 
to vaccinate, and adapting this to older people [13-15].
In this context, we designed and developed a project 
aimed at evaluating the association between vaccination 
coverage and socio-economic health inequalities in the 
elderly. The study was carried out in 10 Italian areas: 
Genoa, Ferrara, some cities in Veneto, Sassari, Cagliari, 
Rome, Florence, Siena, Foggia and Palermo. In order 
to better identify sub-groups of the population who do 
not comply with vaccination, we used socio-economic 
indicators that are able to detect the multidimensional 
aspects of social stratification. Indeed, indices of SES 
enable us to identify and evaluate the relationship be-
tween socio-economic inequalities and health outcomes. 
As these indices yield a geographical description of the 
population’s health conditions and approximate the in-
dividual SES to that of the area of   residence, they have 
already proved able to identify populations at risk of 
late diagnosis and/or under-treatment for chronic/degen-
erative diseases [16-19]. This information could be used 
to guide “tailor-made” interventions to promote health 
and vaccination in Italy. Furthermore, in support of this 
methodology, a specific WHO programme [20] encour-
ages precisely this type of action, which must be adapted 
to the peculiarities of the specific areas. 
Finally, the need to improve vaccination coverage in the 
elderly should be considered in the current and future 
demographic context. Given the ageing of the popu-
lation, the demand for health care will increase in the 
coming years and, consequently, a greater burden will 
be placed on economic resources. Preventive action to 
promote “healthy ageing” is therefore fundamental, and 
vaccinations fall within this perspective.
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Introduction. A socio-economic (SE) deprivation index is a 
measure that aims to provide an indication of SE hardship and 
disadvantage in the population. Our aim was constructing 10 
Socio-Economonic and Health Deprivation Indexes (SEHDI) by 
means of the same method. This particular method enables these 
indexes to be used to investigate the relationships between SE ine-
qualities and aspects of health and prevention in the population. 
Materials and Methods. Data on the demographic and SE situ-
ation of the populations were taken from the 2011 Census at the 
Census Tract (CT) level (2001 for Rome municipality). To con-
struct the SEHDIs, variables displaying a statistically significant 
correlation with the SMRs of overall mortality were subjected to 
a tolerance test of linearity, in order to eliminate collinear vari-
ables. The variables selected underwent PCA factor analysis, in 
order to obtain the factors to be linearly combined into the SEHDI. 
The final values were scaled from minimum to maximum depriva-
tion, and the quantitative scale was converted into five ordinal 
normalized population groups. The SEHDIs were validated at the 
SE level by comparing them with the trends of the main SE indexes 
used in the 2011 Census (2001 for Rome municipality), and at the 
health level by comparing them with the trends of some causes of 
death. Both comparisons were made by means of ANOVA. 

Results. The 10 areas considered were: the municipalities of 
Cagliari, Ferrara, Florence, Foggia, Genoa, Rome, Palermo, Sas-
sari, Siena, and the ULSS 7 Veneto area. For each one, a specific 
SEHDI was computed and the different variables comprising each 
index focused on particular aspects of SE and health depriva-
tion at the area level. The SEHDIs showed good percentages of 
explained variance (from 72.2% to 49.1%) and a linear distribu-
tion of the main statistical SE indices and of overall mortality 
in each area; these findings were in line with the literature on 
the relationship between the SE condition and health status of the 
population. The distribution of cause-specific mortality across the 
SEHDIs deprivation clusters is analyzed in other articles, which 
deal with the findings of the study in each area.
Conclusions. The SEHDIs showed good ability to identify the ele-
ments of SE inequalities that impact on the health conditions of 
populations; to depict the distribution of causes of death that are 
sensitive to SE differences concerning aspects of the social and 
family support structure. From a public health perspective, these 
results are relevant because they enable interventions of health 
promotion and prevention to be implemented on the basis of the 
characteristics that define deprivation groups.

ORIGINAL ARTICLE

The local Socio-Economic Health Deprivation Index: 
methods and results

R. LILLINI1 2, M. VERCELLI1

1 Department of Health Sciences (DISSAL), University of Genova, Italy; 2 Analytical Epidemiology & Health Impact, Fondazione 
IRCCS “Istituto Nazionale Tumori”, Milan, Italy

Keywords

Health disparities • Socio-economic inequalities • Deprivation index • Public health
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Introduction

A socio-economic deprivation index is a measure that 
aims to provide an indication of socio-economic hard-
ship and disadvantage through a synthetic value [1, 2]. 
It generally refers to the living conditions of the inhabit-
ants of a given geographical/administrative area, which 
may be defined topographically and/or normatively 
(e.g., the municipality or the Census Tract) [3-6]. As the 
index can be calculated by means of the same methodol-
ogy in different areas, the population clusters obtained 
constitute analogous segments of different populations. 
Thus, comparisons can be made between the conditions 
of populations residing in different areas.
Deprivation indexes are usually computed in order to 
achieve general and specific objectives. The general 
objective is to describe relative deprivation within a 
population, while specific objectives may regard many 
aspects of economic, social, health or political issues.
As the present study focused on public health, the spe-
cific objectives can be summarized as follows:

• to obtain relative deprivation measures in order to 
identify critical points in the territory;

• to study the association between deprivation and 
health outcomes;

• to correct epidemiological evaluations of the associa-
tion between other environmental factors and health 
outcomes.

The socio-economic health deprivation indexes used in 
this project were constructed in accordance with a spe-
cific methodology that makes them particularly suitable 
for investigating the relationships between socio-eco-
nomic inequalities and aspects of health and prevention 
in the population, as verified by their use in previous 
studies [7-9]. 
Our aim was to compute a specific Socio-Economic and 
Health Deprivation Index (SEHDI) for each of the 10 ar-
eas involved in the study by using the same methodol-
ogy, in order to precisely identify the elements that char-
acterized specific socio-economic and health differences 
in different populations.
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Materials and methods

Materials
Data on the demographic and socio-economic situa-
tion of the populations involved in the study were taken 
from the 2011 ISTAT Census of Population and Housing 
(2001 for Rome municipality).
We considered all variables made available publicly by 
ISTAT on its website [10] (a total of 152), plus a set of 
variables made available ad hoc for this study (a total 
of 24). The complete list is presented in Table S1, in the 
Supplementary Materials section of this article.
For the 10 geographical areas participating in the study 
(municipalities of Cagliari, Ferrara, Florence, Foggia, 
Genoa, Rome, Palermo, Sassari, Siena, and the ULSS 7 
Veneto area) all the variables were considered at Census 
Tract (CT) level.
The maps used to produce a geographical representation 
of the indexes were taken from the ISTAT website in 
shapefile format; the reference system for representing 
the coordinates is the ED 1950 UTM Zone 32n [10].
To select the ISTAT variables composing the SEHDIs, 
we collected data on observed deaths due to all causes, at 
the CT level, in the 5-year period centered around 2011 
(year of the Census; 2001 for Rome municipality), i.e. 
the period 2009-2013.
To validate the SEHDIs, we collected data on observed 
deaths (again at the CT level), broken down according to 
the main causes and to causes concerning the respiratory 
system (particularly relevant for the study) in the 5-year 
period 2009-2013. The complete list is shown in Table I, 
in which the observation periods and any local changes 
in these (depending on local updating of mortality data) 
are also indicated.
Collection of mortality data was enabled by collabora-
tion among Municipalities, Regional Statistical Offices 
and, where present, Regional Mortality Registries. In 
some areas, ICD-9 codes were assigned to mortality da-
ta; these codes were then translated into ICD-10 codes. 

Table I also reports the correspondence between the two 
coding revisions.
Some Operating Units adopted slightly different obser-
vation periods, depending on the availability of the data. 
However, it was deemed that these differences would 
not compromise the reliability of the final result, as they 
were always close to the period in which the demograph-
ic and socio-economic data of the Census were gathered.

Methods
To construct the SEHDI, a consolidated method was im-
plemented in every area [4]; this used a combination of 
bivariate and multivariate statistical techniques [11]. 
The variables from the Census were first examined in 
order to eliminate any outliers in the data; they were 
then converted into percentages of the total population. 
Subsequently, all the percentages obtained were corre-
lated with the general mortality rate in each area, stand-
ardized by age on a regional basis (Standard Mortality 
Rates - SMR). Correlations were computed by means of 
the Pearson correlation index, with the statistical signifi-
cance of the correlation being set at p < 0.05. 
After this procedure, only the variables that were statisti-
cally significantly correlated with the SMRs were con-
sidered. A tolerance test of linearity was applied (statisti-
cal significance at p < 0.05), in order to eliminate all the 
ISTAT variables that were excessively collinear (level of 
tolerance p < 0.001) [11].
A Principal Component factor Analysis (PCA) was then 
carried out on the variables selected (with varimax rota-
tion of the components, in order to orthogonalize them 
and make them independent of each other). Only compo-
nents with eigenvalues ≥ 1 were considered [11]. These 
components expressed a substantial part of the variance, 
i.e. the variability of the distribution of the socio-demo-
graphic characteristics of the population observed, and 
were therefore the basic elements for the final computa-
tion of the SEHDI.
The SEHDI was calculated as a linear combination of 
factors coming from the PCA. The variable obtained was 

Tab. I. Causes of death and observation periods in the study.

Causes of deaths (observation period: 2009-20131) ICD-10 ICD-9
All causes A00-Y89 001.0-E999.9
Cardiovascular system I00-I99 390.0-459.9
Respiratory system J00-J99 460.0-519.9
Flu and pneumonia J10-J18 480.0-487.9
COPD J40-J47 490.0-496.9
Digestive system K00-K93 520.0-579.9
Diabetes E10-E14 250.0-250.9
All cancers (except non-melanoma skin cancers) C00-C43, C46-C95 140.0-172.9,176.0-208.9
Upper aero-digestive tracts cancers C00-C15 140.0-150.9
Stomach cancers C16 151.0-151.9
Colorectal and intestinal cancers, not otherwise specified C18-C21, C26.0 153.0-154.9, 159.0
Lung cancers C33-C34 162.0-162.9
Female breast cancers C50 174.0-174.9
Prostate cancers C61 185

1 Different periods for the following areas: Cagliari: 2013-2015 Palermo: 2009-2016; Ferrara: 2010-2015 Sassari: 2013-2015.
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then recalculated by applying values from 0 (=  maxi-
mum deprivation) to 100 (= minimum deprivation). The 
index was obviously computed at the CT level for each 
of the 10 areas involved in the study.
The quantitative SEHDI was then converted into an or-
dinal variable that expressed deprivation in the popu-
lation groups. To maintain the criterion of the normal 
distribution of inequality in the population [12, 13], the 
Agnelli, Cadeiras, Tabak, Turner and Vander-Eijden 
algorithm [14] was applied. By this classification, the 
deprivation groups presented an almost normally dis-
tributed number of people across the groups (statistical 
significance at p < 0.05). These groups were: 1 = high 
deprivation; 2 = medium-high deprivation; 3 = medium 
deprivation; 4 = medium-low deprivation; 5 = low dep-
rivation.
The ordinal index thus obtained was validated: i) at the 
socio-economic level, by comparing it with the trends of 
the synthetic socio-economic indexes used in the 2011 
Census (old-age index, structural dependency index, 
turnover index, activity rate, employment and unem-
ployment rates; the same 2001 indexes for Rome munic-
ipality); and ii) at the health level, by comparison with 
the available data on causes of death.
In both comparisons, One-Way ANOVA was used with 
the F test and linearity test (p < 0.05) [11], in order to 
assess whether the trends yielded by the ordinal version 
of the index corresponded adequately to what is known 
in the literature on the relationships between socio-
economic inequalities and causes of death. In addition 
to obtaining an adequate validation of all the indices, 
this procedure also yielded a fairly detailed evaluation 
of the state of health of the populations involved in the 
study.
The statistical analyses were conducted by means of 
SPSS 19.0 and STATA 13.0 software.

Results

For the 10 areas considered, a specific SEHDI was com-
puted. In accordance with the methodology used, each 
local index comprised variables that focused on specific 
aspects of socio-economic and health deprivation at the 
local level. Table II reports the composition of each in-
dex.
On PCA, all the indices showed a good percentage of 
explained variance (from 72.2% to 49.1%), indicating an 
adequate ability to describe the distribution of depriva-
tion in the population studied. Moreover, in every area, 
the validation procedures showed a good linear distribu-
tion of the main ISTAT socio-economic indexes and of 
overall mortality; this is in line with the hypothesis un-
derlying this computation method and with the scientific 
literature on the relationships among the deprivation, 
general socio-economic condition and health status of a 
population (Tabs. IIIa, IIIb).
Several analyses were carried out in order to investigate 
the association between the SEHDI and cause-specific 
mortality, mainly as a validation tool. In some cases, the 

findings were discussed in detail by some of the other 
groups participating in the study (data not shown).
Finally, Table IV reports the distribution of the popula-
tion in deprivation clusters in every area.

Discussion and conclusions

The indexes calculated in this study cannot be consid-
ered “pure” socio-economic deprivation indexes, be-
cause they use standardized general mortality as the very 
first tool for the selection of the Census variables. 
Indeed, only variables that correlated with overall mor-
tality were included in the indexes. However, they ena-
bled SE inequalities across the different deprivation 
groups to be assessed, even though connected to their 
health status.
For example (Tab.  II), some aspects that are common 
to every area distinguish subjects mainly on the basis 
of their need for social and practical support, and thus, 
the family structure that may help or hinder prevention 
or care patterns and the implementation of a healthy 
lifestyle  [15-17]. Other characteristics, such as educa-
tional level and/or housing conditions, display a differ-
ential impact on stratification by socio-economic condi-
tions from area to area (i.e., they express more or less 
variance) according to the specific situation of the labor 
market, of the housing market etc.
These peculiarities makes the SEHDI particularly suit-
able for studying the relationship between socio-eco-
nomic and health aspects (of care, prevention, etc.) in a 
population (which was exactly the objective of this pro-
ject). They are therefore indexes that could be defined as 
“purpose-built” [3-6].
Another important feature that enables them to describe 
the peculiarities of a specific area efficiently is their ter-
ritorial detail: the Italian CTs are usually small in de-
mographic terms (around 800 people on average). This 
characteristic allows us to consider the smallest avail-
able area of officially validated demographic and socio-
economic information and, at the same time, an area 
small enough to be able to describe the reference context 
attributable to individual patients [5, 6], i.e. every person 
can be described by the demographic and socio-econom-
ic characteristics of his/her CT of residence, with a low 
risk of ecological bias [5, 6].
Starting from these latter considerations, the SEHDI 
showed:
• good descriptive ability to identify the relevant ele-

ments of socio-economic inequalities that impact on 
the health conditions of the different populations in-
volved in the study;

• good ability to describe health problems related to 
some causes of death that are particularly relevant to 
socio-economic differences, in which the aspects of 
family and social support structure are also relevant;

• good description of the characteristics that underlie 
the differences in VC across the different deprivation 
groups.
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Tab. II. Composition of the SEHDI in each area, by 2011 (2001 for Rome municipality) Census variables. SEHDI factors and explained variance.

Area Factors
Cagliari 
(56.4%)1 1 = 24.5% 2 = 16.7% 3 = 15.1%    

Average no. of people per family
Average no. of people per 
occupied dwelling 
% 3-member families

% housing with drinking 
water
% housing with kitchen
% married
% students

% belonging to labor force
% men

   

Ferrara 
(62.3%)1

1 = 29.8% 2 = 19.8% 3 = 12.7%    
% earners from labor or capital 
income
% widowers/widows
Index of structural dependence
Old-age index 
% single-member families 65+
% primary school diploma

% 2-member families

% residential buildings 
in mediocre state of 
conservation
% housing with 
kitchenette 

   

Florence 
(60.7%)1

1 = 30.9% 2 = 16.6% 3 = 13.2%    
Average no. of people per family
Average no. of people per 
occupied dwelling
% 4-member families
% married 

% rented homes
% foreigners and 
stateless persons residing 
in Italy

% widowers/widows
% belonging to labor force 
% lower secondary school

   

Foggia 
(68.9%)1

1 = 38.1% 2 = 16.1% 3 = 14.6%    
% single-member families 65+
% widowers/widows
% single-member families
Average no. of people per family 
Old-age index 

% separated and divorced
% primary school diploma 
or no qualification

% housing with bathtub or 
shower

   

Genoa 
(72.2%)1

1 = 21.2% 2 = 21.2% 3 = 16.0% 4 = 13.8%  

Index of structural dependence
Old-age index
% widowers/widows

% single-parent families
% single-parent families 
with children <15 years

% married
% 2-member families

% rented 
homes
% lower 
secondary 
school 

 

Palermo 
(64.3%)1

1 = 28.2% 2 = 21.9% 3 = 14.2%    
% earners from labor or capital 
income 
Old-age index 
Index of structural dependence

Average no. of people 
per family
% primary school diploma 
or no qualification

% single-parent families 
with children < 15 years

   

Rome 
(59.3%)1

1 = 18.6% 2 = 13.8% 3 = 9.6% 4 = 9.5% 5 = 7.7%

% widowers/widows
Index of structural dependence
Old-age index 
% men
Average no. of people per family

% primary school diploma
% employed in industry

Replacement index

% separated 
and divorced 
% rented 
homes

% family 
helpers
% 
employed in 
agriculture
% students

Sassari 
(56.5%)1

1 = 21.8% 2 = 20.5% 3 = 14.2%    
Average no. of people per family
Average no. of people per 
occupied dwelling 
% 3-member families
% married 
% students

% housing with drinking 
water
% housing with kitchen

% belonging to labor force
% men

   

Siena 
(63.5%)1

1 = 26.4% 2 = 18.6% 3 = 18.5%    
% widowers/widows 
% women
Old-age index 
Index of structural dependence 

Employment rate 
Activity rate

% unemployed looking for 
new jobs
% 3-member families 

   

ULSS7 - 
Veneto 
(49.1%)1

1 = 26.5% 2 = 22.6%

Unemployment rate
% other employment status

% housewives
% married
Old-age index 

 
 

 
 

 
 

1 Total explained variance.
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Tab. IIIa. SEHDI general validation.

Area Deprivation 
groups

SMR - Overall 
mortality

Replacement 
index

Old-age 
index

Index of 
structural 

dependence

Activity 
rate

Employment 
rate

Unemployment 
rate

Cagliari

High 
deprivation

1.93 271.98 566.28 106.07 43.26 60.79 11.59

Medium-high 
deprivation

1.48 265.22 372.47 61.41 49.30 59.23 12.53

Medium 
deprivation

1.20 219.61 301.22 54.49 52.59 60.55 11.32

Medium-low 
deprivation

0.76 206.15 242.88 50.81 54.19 59.25 12.40

Low 
deprivation

0.33 127.10 100.38 40.40 60.40 63.03 10.02

Total 1.16 223.78 311.50 58.08 51.99 60.13 11.77
Trend p<0.05 L p<0.05 L p<0.05 L p<0.05 L p<0.05 L NS NS

Ferrara

High 
deprivation

2.25 243.49 633.07 144.78 40.02 68.52 6.99

Medium-high 
deprivation

1.46 271.62 404.00 78.28 47.32 69.71 6.65

Medium 
deprivation

1.07 251.50 310.70 61.97 52.94 71.61 5.41

Medium-low 
deprivation

0.82 219.24 229.42 50.72 58.12 72.52 4.67

Low 
deprivation

0.47 152.62 104.97 34.08 68.09 75.57 3.83

Total 1.20 236.09 332.27 70.21 53.28 71.57 5.49
Trend p<0.05 L p<0.05 NL p<0.05 L p<0.05 L p<0.05 L p<0.05 L p<0.05 L

Florence

High 
deprivation

1.22 152.46 292.92 70.39 52.59 66.21 7.01

Medium-high 
deprivation

1.04 167.14 230.77 64.89 52.16 68.14 5.58

Medium 
deprivation

1.10 203.88 253.72 66.32 52.22 70.77 4.60

Medium-low 
deprivation

1.13 262.18 274.88 64.17 53.39 72.32 4.53

Low 
deprivation

1.00 271.15 273.66 54.19 57.80 74.28 4.61

Total 1.09 211.38 259.99 63.98 53.45 70.75 4.99
Trend p<0.05 NL p<0.05 L p<0.05 NL p<0.05 L p<0.05 L p<0.05 L p<0.05 L

Foggia

High deprivation 1.59 185.4 383.1 71.7 41.3 52.7 8.9
Medium-high 
deprivation

1.19 155.7 215.0 60.0 42.4 47.8 10.2

Medium 
deprivation

0.83 139.3 135.4 53.3 44.7 45.5 11.1

Medium-low 
deprivation

0.77 102.3 97.2 51.6 44.7 41.6 11.5

Low 
deprivation

0.20 92.1 83.2 60.1 46.9 45.3 11.0

Total .95 139.7 177.3 57.8 43.8 46.3 10.6
Trend p<0.05 L p<0.05 L p<0.05 L p<0.05 L p<0.05 L NS NS

Genoa

High deprivation 3.40 256.3 606.0 84.7 43.6 60.0 7.7
Medium-high 
deprivation

1.10 208.0 346.4 72.8 46.2 64.9 6.6

Medium 
deprivation

1.02 203.3 261.3 69.8 49.4 65.9 5.7

Medium-low 
deprivation

0.85 196.7 212.7 59.3 53.4 68.7 4.9

Low 
deprivation

0.79 178.4 140.6 54.2 58.6 68.9 5.4

Total 1.10 203.8 279.9 67.8 49.8 66.2 5.9
Trend p<0.05 L p<0.05 L p<0.05 L p<0.05 L p<0.05 L p<0.05 L p<0.05 L

L = linear trend; NL = non-linear variation; NS = not statistically significant; NA = not available. Replacement Index = [(Pop. 60-64 yrs) / (Pop. 15-19 
yrs)*100]; Old-age Index = [(Pop. 65+ yrs) / (Pop. 0-14 yrs)*100]; Structural Dependency Index= [(Pop. 0-14 yrs + Pop. 65+ yrs) / (Pop. 15-64 yrs)*100]; 
Activity Rate = [(Work Force 15-64 yrs / Pop. 15-64 yrs) * 100]; Employment Rate = [(Employed 15+ yrs / Pop. 15+ yrs) *100]; Unemployment rate = [(Un-
employed 15+ yrs / Work Force 15+ yrs) *100].
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Tab. IIIb. SEHDI general validation.

Area Deprivation 
groups

SMR - Overall 
mortality

Replacement 
index

Old-age 
index

Index of 
structural 

dependence

Activity 
rate

Employment 
rate

Unemployment 
rate

Palermo

High deprivation 1.02 132.62 234.06 90.61 38.70 41.12 13.24
Medium-high 
deprivation

1.04 127.95 173.27 60.86 43.48 42.11 12.10

Medium 
deprivation

1.02 125.02 143.57 51.31 47.43 46.48 10.71

Medium-low 
deprivation

0.93 122.47 115.85 41.47 51.30 48.49 10.02

Low 
deprivation

0.96 115.38 100.44 29.98 58.37 54.28 9.55

Total 1.00 124.52 142.80 50.72 48.16 46.52 10.82
Trend p<0.05 NL p<0.05 L p<0.05 L p<0.05 L p<0.05 L p<0.05 L p<0.05 L

Rome

High deprivation 1.53 296.98 323.60 61.02 44.75 53.14 10.53
Medium-high 
deprivation

1.23 236.64 217.12 53.37 49.69 58.20 8.17

Medium 
deprivation

1.05 176.50 163.71 48.17 51.71 58.65 7.26

Medium-low 
deprivation

0.88 129.21 122.97 41.94 53.82 58.23 6.35

Low 
deprivation

0.67 92.96 110.51 31.74 53.29 54.89 5.46

Total 1.08 184.10 176.48 47.96 51.27 57.75 7.42
Trend p<0.05 L p<0.05 L p<0.05 L p<0.05 L p<0.05 L NS p<0.05 L

Sassari

High deprivation NA 138.21 284.73 94.86 43.54 48.89 14.34
Medium-high 
deprivation

NA 163.46 245.58 56.59 50.26 54.75 13.54

Medium 
deprivation

NA 184.64 249.63 51.95 51.63 56.66 12.82

Medium-low 
deprivation

NA 152.84 148.52 40.16 57.86 58.52 12.10

Low 
deprivation

NA 150.81 182.59 39.86 63.15 65.78 10.06

Total NA 172.04 242.04 57.24 51.56 56.08 12.88
Trend NA p<0.05 NL p<0.05 L p<0.05 L p<0.05 L p<0.05 L p<0.05 L

Siena

High deprivation 1.29 189.7 524.6 70.1 61.7 83.0 7.8
Medium-high 
deprivation

1.25 271.8 336.6 67.8 55.2 73.8 6.4

Medium 
deprivation

0.98 249.6 317.4 65.0 53.0 72.1 3.8

Medium-low 
deprivation

0.92 203.3 264.7 66.9 50.5 69.0 2.8

Low 
deprivation

0.80 220.2 165.2 60.3 49.7 61.4 1.2

Total 1.02 237.3 317.6 65.9 53.5 71.9 4.3
Trend p<0.05 L p<0.05 NL p<0.05 L p<0.05 L p<0.05 L p<0.05 L p<0.05 L

ULSS 7 - 
Veneto

High deprivation 1.02 133.8 133.5 53.8 56.1 67.9 6.2
Medium-high 
deprivation

1.01 114.0 121.9 52.7 57.5 69.2 5.2

Medium 
deprivation

0.97 135.1 146.1 56.2 54.0 67.5 4.9

Medium-low 
deprivation

0.90 144.1 194.8 60.5 51.5 66.6 5.8

Low 
deprivation

0.87 142.2 157.6 55.4 54.5 69.0 4.1

Total 0.96 131.5 142.1 55.2 55.0 68.1 5.1
Trend p<0.05 L p<0.05 NL p<0.05 L NS p<0.05 NL NS p<0.05 L

L = linear trend; NL = non-linear variation; NS = not statistically significant; NA = not available. Replacement Index = [(Pop. 60-64 yrs) / (Pop. 15-19 
yrs)*100]; Old-age Index = [(Pop. 65+ yrs) / (Pop. 0-14 yrs)*100]; Structural Dependency Index= [(Pop. 0-14 yrs + Pop. 65+ yrs) / (Pop. 15-64 yrs)*100]; 
Activity Rate = [(Work Force 15-64 yrs / Pop. 15-64 yrs) * 100]; Employment Rate = [(Employed 15+ yrs / Pop. 15+ yrs) *100]; Unemployment rate = [(Un-
employed 15+ yrs / Work Force 15+ yrs) *100].
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From a public health perspective, these results are very 
relevant, as they enable interventions of health promo-
tion and prevention to be oriented on the basis of the 
characteristics that define the deprivation groups.
However, there are two limits to this procedure. The first 
is the potential ecological bias, albeit reduced owing to 
the small dimensions of the Italian CTs [2, 6]. Indeed, 
studies that apply synthetic multi-factorial descriptions 
of small geographical areas to single individuals must 

be evaluated in the light of good knowledge of the areas 
considered, in order to avoid mis-attribution of peculiari-
ties and, consequently, any misdirected health and social 
policy. From this point of view, it must be remembered 
that local indicators, such these, are tools useful only to 
local policy-makers, who should have a good knowledge 
of the area they administer. 
The second limit is more of a characteristic of these in-
dexes than a flaw: in interpreting the territorial descrip-

Tab. IV. Population distribution by SEHDI cluster.

Area Deprivation groups 2011 resident 
population

% Area Deprivation 
groups

2011 resident 
population (2001 for 
Rome municipality)

%

Cagliari

High deprivation 4369 2.9

Palermo

High deprivation 17705 2.7
Medium-high 
deprivation

28603 19.1
Medium-high 
deprivation

104476 15.9

Medium 
deprivation

79276 53.0
Medium 
deprivation

299408 45.6

Medium-low 
deprivation

35009 23.4
Medium-low 
deprivation

213778 32.6

Low deprivation 2405 1.6 Low deprivation 20783 3.2
Total 149662 100.0 Total 656150 100.0

Ferrara

High deprivation 14986 11.3

Rome

High deprivation 211082 8.4
Medium-high 
deprivation

30682 23.1
Medium-high 
deprivation

602638 24.0

Medium 
deprivation

49151 37.1
Medium 
deprivation

1016130 40.4

Medium-low 
deprivation

27858 21.0
Medium-low 
deprivation

569461 22.7

Low deprivation 9868 7.4 Low deprivation 112879 4.5
Total 132545 100.0 Total 2512190 100.0

Florence

High deprivation 33471 9.4

Sassari

High deprivation 9486 7.7
Medium-high 
deprivation

59143 16.5
Medium-high 
deprivation

15782 12.8

Medium 
deprivation

181077 50.6
Medium 
deprivation

75391 60.9

Medium-low 
deprivation

50414 14.1
Medium-low 
deprivation

13374 10.8

Low deprivation 33849 9.5 Low deprivation 9736 7.9
Total 357954 100.0 Total 123769 100.0

Foggia

High deprivation 10721 7.3

Siena

High deprivation 2599 5.0
Medium-high 
deprivation

47794 32.7
Medium-high 
deprivation

9324 18.0

Medium 
deprivation

57617 39.5
Medium 
deprivation

27126 52.4

Medium-low 
deprivation

20288 13.9
Medium-low 
deprivation

9914 19.2

Low deprivation 9591 6.6 Low deprivation 2762 5.3
Total 146011 100.0 Total 51725 100.0

Genoa

High deprivation 17380 3.0

ULSS 7 - 
Veneto

High deprivation 19016 8.8
Medium-high 
deprivation

168228 28.7
Medium-high 
deprivation

49180 22.7

Medium 
deprivation

268861 45.9
Medium 
deprivation

99721 46.1

Medium-low 
deprivation

120169 20.5
Medium-low 
deprivation

34428 15.9

Low deprivation 11542 2.0 Low deprivation 14072 6.5
Total 586180 100.0 Total 216417 100.0
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tion yielded by this method, it must be borne in mind 
that the concept of deprivation extends to social and 
health aspects, and does not only concern mere material 
deprivation [4, 7-9]. This implies that the interpretation 
must consider aspects linked to the social support and 
cultural resources that people can count on in order to 
understand messages, specifically prevention messages, 
to adopt good practices and correct lifestyles, early tera-
peutic actions in charge etc.
Bearing in mind these two limitations can improve the 
role of these local indices in guiding interventions and 
using resources more efficiently.
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Introduction. The elderly suffer the most influenza-related com-
plications, and 90% of deaths due to influenza occur in older 
subjects. Consequently, the elderly are among the main targets of 
influenza vaccination campaigns. The use of deprivation indexes 
can help to identify subgroups with lower vaccination uptake. This 
study analyzed influenza vaccination coverage in elderly persons 
living in Genoa (Italy) in relation to a local Index of Socio-Eco-
nomic and Health Deprivation (SEHDI) in order to identify popu-
lation subgroups needing specific intervention to improve vacci-
nation coverage.
Methods. The study targeted subjects aged  ≥  65 years living 
in Genoa in the period 2009-2013. Information on vaccina-
tion coverage was provided by general practitioners and Local 
Health Units. A combination of linear regression, factor analy-
sis and cluster analysis was used to construct the SEHDI at Cen-
sus Tract (CT) level, on the basis of data from the 2011 Italian 
census.
Results. In 2011, people aged ≥ 65 years accounted for the 27.7% 
of the population of Genoa. Most elderly subjects were assigned 
to either the medium (45.3%) or medium-high (32%) depriva-

tion groups, while the percentages in the extreme tails were low 
(3.6% high deprivation; 1.3% low deprivation). Significant, non-
linear (p < 0.05 NL) relationships were observed in both sexes 
with regard to mortality due to all respiratory diseases (RD) and 
chronic obstructive pulmonary disease (COPD), with the highest 
Standardized Mortality Ratio (SMR) values in women in the high 
deprivation group of women (1.81, p < 0.05 RD; 1.79, p < 0.05 
COPD). The SMRs for influenza and pneumonia showed a posi-
tive linear trend in women (p < 0.05) with the highest value in the 
high deprivation group (1.97, p < 0.05), while in men the trend 
was NL (p < 0.05). A positive linear trend (p < 0.05) was found 
with regard to vaccination coverage, which grew weakly as dep-
rivation increased, up to the medium-high deprived group (from 
34.6% to 44.4%). However, the high deprivation group showed 
the lowest value (33.3%).
Conclusions. The results revealed a relationship between dep-
rivation and influenza vaccination coverage in the elderly. This 
finding should be taken into account in the organization of vac-
cination campaigns and should prompt differentiated intervention 
in each local area.
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Introduction

Socio-economic status (SES) is a composite concept that 
includes material and social deprivation [1, 2]. SES in-
dexes are used to capture the various aspects of depriva-
tion in a single number [3, 4] and to explore the relation-
ships between SES and health outcomes. With regards to 
influenza, every year about 8% of the population is in-
fected [5]. Among the elderly, incidence rates are low (in 
2017, in Italy around 0.46 per 1,000; in Liguria 0.67 per 
1,000) [6]. Although less affected by the disease, older 
people suffer more disease-related complications and 
90% of deaths due to influenza and its complications oc-
cur in the elderly [5, 7]. For this reason, this age group 
is among the main targets of vaccination campaigns. As 
the risk of all-cause and cause-specific mortality is high-
er in unvaccinated elderly subjects than in those who are 
vaccinated [8], vaccination is strongly recommended. In 
2003, the World Health Organization [9] recommended 
increasing influenza vaccination coverage among all 

high-risk subjects and attaining 75% coverage among 
the elderly by 2010. Subsequently the Italian National 
Health Plan set this target. The 2017-2019 Italian Na-
tional Immunization Plan [10], in addition to the preven-
tion and control of influenza recommendations for the 
2017-2018 season [11] have set the minimum coverage 
target at 75% and the optimal goal at 95% [10, 11]. Nev-
ertheless, after a peak of 74.1% in 2006-2007, cover-
age declined to 49.5% in 2014-15, and the subsequent 
increase has been scant, reaching a level of 51% [12]. 
The decrease in vaccination coverage has determined a 
significant rise in the number of cases [13] and an ex-
cess in overall mortality since December 2016 in Europe 
(particularly in the elderly) [14]. In Italy, from 2012 to 
2015, a + 13% of excess mortality was documented in 
winter, largely as a result of influenza [15].
SES plays a major role in determining adherence to anti-
influenza immunization programs, particularly in the 
elderly [16, 17]. Influenza vaccination coverage shows 
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local variations [18, 19] and often appears to be lower 
among individuals of low SES [18-20]. 
The measurement of SE deprivation takes into consid-
eration the multidimensional aspects of social stratifica-
tion. Therefore, the use of deprivation indexes is a useful 
strategy for measuring health disparities at the popula-
tion level, and hence for distinguishing non-vaccinating 
groups [21].
The aim of this study was to identify groups of subjects 
aged  ≥  65 years with lower vaccination coverage in 
Genoa (Italy). To this end we applied a specific depriva-
tion index based not only on the SE characteristics of 
the population, but also on its specific health needs, the 
ultimate goal being to guide specific interventions aimed 
at increasing influenza vaccination compliance.

Methods

The study focused on subjects aged ≥ 65 years living in 
Genoa from 2009 to 2013. Genoa, the regional capital 
of Liguria, is situated on the coast of the Ligurian sea 
and extends for more than 27 km. It has almost 590,000 
inhabitants (2011 Census) and one of the oldest popula-
tions in Italy (65+ years old, 27.7%). As the terrain is 
mostly hilly, urban development on the landward side 
has created steep narrow streets. The central and western 
parts host the city’s port, shipyards and steel mills, while 
the eastern part is residential and richer. 
The numbers of observed and expected deaths due to 
all causes and to specific causes were obtained from the 
National Statistics Institute (ISTAT) through the Ligu-
ria Region Statistics Office. Collaboration between the 
Regional Statistics Office and the Municipal Statistics 
Office enabled these data to be stratified by gender and 
Census Tract (CT), as of the 2011 national census. 
Data on influenza vaccination coverage were provided 
by the Liguria Regional Health Agency and the Depart-
ment of Health Sciences of the University of Genoa, 
which collected and validated data from all general prac-
titioners (GPs) working in the city. These data covered 
the influenza seasons from 2014 to 2016 and were ac-
companied by the street addresses of GPs’ ambulatories. 
The addresses were geo-coded by CT, again by the Sta-
tistics Office of Genoa. 
A composite Socio-Economic and Health Deprivation 
Index (SEHDI) was computed in accordance with a 
previously experimented method  [22]. The unit of ob-
servation was the CT, for each of which the index was 
calculated on the basis of the variables recorded in the 

Genoa municipality during the 2011 Italian National 
Census of Population and Households. Mortality trends 
were analyzed by means of one-way analysis of variance 
(ANOVA) and the relationship between vaccination cov-
erage and the deprivation index was analyzed by means 
of a Pearson bivariate correlation [23].

Results

According to the analysis of the factors used to construct 
the SEHDI, the contribution of the 1st factor (compris-
ing the structural dependence index, the old-age index, 
the % of widowers/widows) to the explanation of the 
whole variance was 21.2%. The 2nd factor (% of single-
parent families, % of single-parent families with chil-
dren < 15 years) contributed 21.8%, and the 3rd factor 
(% of married, % of 2-members families) accounted for 
16%. The 4th factor (% of rented homes, % of lower sec-
ondary school) contributed 13.8% (Tab. I).
In 2011, subjects aged 65+ years accounted for 27.7% of 
the population of Genoa. The percentages of the whole 
population and of the elderly who were in a condition 
of medium deprivation were similar (45.9% vs. 45.3%); 
medium-low deprivation was more frequent in the over-
all population than among the elderly (20.5% vs. 17.8%), 
while medium-high deprivation was more frequent in the 
elderly (32% vs 19.4%). At the extreme tails (both ends 
of the deprivation scale), the percentages were low. Only 
3% of the whole population and 3.6% of elderly fell into 
the high deprivation group, and 2% and 1.3% belonged 
to the low deprivation group, respectively.
Mapping was performed in order to produce a visual 
depiction of the spatial distribution of SEHDI clusters 
in the city; the distribution of index values in the vari-
ous CTs is shown in Figure  1. SES was higher in the 
central and eastern coastal areas than in the rest of the 
city. By contrast, there was a greater concentration of 
subjects belonging to high and medium-high deprivation 
groups in the two valleys, in the historical center and in 
the western industrial areas (Fig. 1).
Table II reports the Standardized Mortality Ratio (SMR)
for all respiratory diseases, chronic obstructive pulmo-
nary disease (COPD), influenza and pneumonia by sex, 
age (0-64 years and 65+ years) and SEHDI deprivation 
group. 
In the younger subjects of both sexes, all trends were 
non-significant, while in the elderly statistically signifi-
cant non-linear relationships [p < 0.05 non-linear trend 
(NL)] between SEHDI values and the SMRs of all res-

Tab. I. Composition of the SEHDI in Genoa, by 2011 Census variables (total explained variance 72.2%). SEHDI factors and explained variance.

Factor 1 = 21.2% Factor 2 = 21.2% Factor 3 = 16.0%  Factor 4 = 13.8%
Index of structural 
dependence

Old-age index

% widowers/windows

% single-parent families

% single-parent families with 
children <15 years

% married

% 2-members families

% rented homes

% lower secondary school 
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piratory diseases and COPD were observed in both sex-
es. In men, higher SMRs of all respiratory diseases were 
seen in the extreme tails groups, though the confidence 
intervals (CI) were not significant (low deprivation 1.24; 
high deprivation 1.15). The intermediate groups pre-
sented SMRs less than 1, which declined to a protective 
effect in the medium deprivation group (0.90, p < 0.05). 
Also in women, higher SMRs were found in the extreme 
groups, the highest value being seen in the high depri-
vation group (1.81, p < 0.05); from low deprivation to 
medium-high deprivation, the SMRs declined to protec-
tive values in the latter (0.81, p < 0.05).
A similar pattern was noticed with regard to COPD SMRs 
in both sexes (p < 0.05 NL trend). In men, higher SMRs 
were seen in the extreme categories (high deprivation 
1.44, not significant [NS]); low deprivation 1.18, NS), 
while the intermediate groups presented SMRs less than 
1, with a protective value in the medium deprivation 
group (0.88, borderline p  <  0.05). In women, too, the 
higher SMRs were in the extreme tails, with the high-
est value in the high deprivation group (1.79, p < 0.05), 
while the intermediate groups presented SMRs less than 
1, which decreased until a protective effect was reached 
in the medium deprivation group (0.88, p < 0.05).
The SMRs for influenza and pneumonia showed a lin-
ear positive trend in women (p < 0.05), with the high-
est SMR in the highly deprived (1.97, p < 0.05) and the 
lowest value in the low deprivation group (0.53, NS). In 
men, the trend was not linear (p < 0.05; low deprivation 
group SMR 2.46, NS; high deprivation group SMR 1.11, 
NS), while the other SMRs decreased from the medium-
low deprivation group to the medium-high group. 

Figure 2 shows the vaccination coverage (%) among the 
elderly in Genoa by deprivation group.
In the elderly, influenza vaccination coverage was lower 
at both ends of the scale (33.25% in the high depriva-
tion group and 34.67% in the low derivation group). In 
the intermediate groups a positive linear trend (p < 0.05) 
was found, which grew slightly from the medium-low 
deprivation group (41.74%) to the medium-high depri-
vation group (44.36%).
Vaccination coverage decreased as the percentages of 
singles/unmarried and families with more than 4 mem-
bers decreased; whereas it increased with the percentag-
es of earners from labor or capital income, of 2-member 
families and of employees increased. Singularly, in the 
high deprivation cluster, vaccination coverage improved 
as the percentages of people belonging to the labor force, 
of rented homes and of 5-members families increased, 
but worsened as the percentage of owned homes rose. 
In the medium-high deprivation group, coverage rose as 
single-member families increased, and diminished as 3 
to 5-member families and the average numbers of people 
per dwelling or per family grew. In the medium depriva-
tion group, coverage rose with the increase in 3-mem-
ber families and in the average number of people per 
dwelling, but declined as the percentage of single-mem-
ber families increased. In the medium-low deprivation 
group, coverage improved as the percentage of single-
member families and of employees rose, but decreased 
as the percentages of housewives and the average num-
ber of people per dwelling or per family grew. In the low 
deprivation group, vaccination coverage decreased with 
the growth of the percentages of foreigners and stateless 

Fig. 1. Map of Genoa showing the spatial distribution of SEHDI by census tract.
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persons residing in Italy and of single-parent families 
with children aged less than 15 years.

Discussion and conclusions

The population of Genoa has one of the highest aging 
indexes in the world, especially among women. Accord-
ingly, the proportion of young people is declining. As 
a result, the population is fragile from the SE point of 
view. In particular, the intermediate age-class is shrink-
ing markedly, which has substantially reduced the fam-

ily support necessary to enable the elderly to cope with 
serious diseases and other health problems (e.g., dis-
ability)  [24,  25]. Furthermore, with the decline of the 
city’s traditional industrial and commercial activities, 
Genoa has tried to develop the sectors of tourism and 
advanced tertiary services [26]. Unfortunately, however, 
the SE structure still remains mainly based on savings 
and retirement income, rather than on the success of lo-
cal business  [27]. Moreover, the impervious nature of 
the territory creates logistical difficulties in the provision 
of social and health services.

Tab. II. Standardized mortality ratios in Genoa for all respiratory diseases, COPD, pneumonia & influenza for the period 2009-2013.

Deprivation 
groups

Respiratory 0-64 M Respiratory 0-64 F Respiratory 65+ M Respiratory 65+ F

OBS SMR 95% CI OBS SMR 95% CI OBS SMR 95% CI OBS SMR 95% CI

Low Up Low Up Low Up Low Up

High 
deprivation

2 1.43 0.00 3.42 3 3.08 0.00 6.56 55 1.15 0.84 1.45 85 1.81 1.43 2.20

Medium-high 
deprivation

26 1.80 1.11 2.50 14 1.44 0.69 2.20 416 0.91 0.82 1.00 316 0.81 0.72 0.90

Medium 
deprivation

19 0.78 0.43 1.13 14 0.86 0.41 1.31 584 0.90 0.83 0.98 529 0.96 0.88 1.04

Medium-low 
deprivation

5 0.44 0.05 0.82 9 1.19 0.41 1.97 246 0.97 0.84 1.09 219 1.01 0.87 1.14

Low 
deprivation

2 1.64 0.00 3.91 0 0.00 0.00 0.00 24 1.24 0.74 1.73 16 1.10 0.56 1.64

Total 54 1.02 0.75 1.30 40 1.14 0.78 1.49 1325 0.93 0.88 0.98 1165 0.95 0.90 1.01

Trend NS NS p<0.05 NL p<0.05 NL

Deprivation 
groups

COPD 0-64 M COPD 0-64 F COPD 65+ M COPD 65+ F

OBS SMR 95% CI OBS SMR 95% CI OBS SMR 95% CI OBS SMR 95% CI

Low Up Low Up Low Up Low Up

High 
deprivation

1 1.56 0.00 4.61 2 4.18 0.00 9.97 39 1.44 0.98 1.89 38 1.79 1.22 2.36

Medium-high 
deprivation

9 1.35 0.47 2.24 8 1.68 0.52 2.84 228 0.88 0.77 1.00 160 0.91 0.77 1.05

Medium 
deprivation

8 0.71 0.22 1.21 9 1.13 0.39 1.87 345 0.94 0.84 1.04 219 0.88 0.76 0.99

Medium-low 
deprivation

4 0.76 0.02 1.51 5 1.35 0.17 2.53 133 0.92 0.76 1.08 106 1.08 0.87 1.29

Low 
deprivation

0 0.00 0.00 0.00 0 0.00 0.00 0.00 13 1.18 0.54 1.83 10 1.52 0.58 2.47

Total 22 0.90 0.53 1.28 24 1.39 0.83 1.94 758 0.94 0.87 1.01 533 0.96 0.88 1.05

Trend NS NS p<0.05 NL p<0.05 NL

Deprivation 
groups

Influenza & pneumonia 
0-64 M

Influenza & pneumonia 
0-64 F

Influenza & pneumonia 65+ M Influenza & pneumonia 65+ F

OBS SMR 95% CI OBS SMR 95% CI OBS SMR 95% CI OBS SMR 95% CI

Low Up Low Up Low Up Low Up

High 
deprivation

1 3.80 0.00 11.24 0 0.00 0.00 0.00 10 1.11 0.42 1.79 24 1.97 1.18 2.76

Medium-high 
deprivation

7 2.57 0.67 4.47 2 1.68 0.00 4.01 77 0.90 0.70 1.10 63 0.62 0.47 0.77

Medium 
deprivation

5 1.09 0.13 2.04 1 0.50 0.00 1.49 115 0.94 0.77 1.12 166 1.15 0.98 1.33

Medium-low 
deprivation

0 0.00 0.00 0.00 0 0.00 0.00 0.00 61 1.27 0.95 1.59 62 1.10 0.82 1.37

Low 
deprivation

1 4.34 0.00 12.85 0 0.00 0.00 0.00 9 2.46 0.85 4.08 2 0.53 0.00 1.26

Total 14 1.40 0.67 2.14 3 0.69 0.00 1.48 272 1.01 0.89 1.13 317 1.00 0.89 1.11

Trend NS NS p<0.05 NL p<0.05 L

OBS: Observed death; SMR: Standardized Mortality Ratio; 95% CI: Confidence Intervals at 95% level; Low: lower interval; Upp: upper interval; L: linear trend; 
NL: not linear trend; NS: not significant trend.
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In Genoa, the SEHDI was able to explain 72.2% of the 
total variance of the deprivation in the population. In-
deed, the four component factors closely reflect the fra-
gility of the Genoese population. The 1st factor (Tab. I), 
which concerns aging, loneliness and the increasing SE 
dependence of the elderly, summarizes this situation. 
The second factor brings out another type of poverty, 
that of the youngest families, who have little or no so-
cial support. This situation mostly involves foreigners 
who assist elderly Genoese residents living alone, given 
the low birth rate that has characterized the native pop-
ulation for many decades. These families (often Latin 
Americans) are mostly composed of unaccompanied 
women with dependent children, whose income does 
not allow family reunification and, thus, mutual family 
support; at times, the children of these families also have 
problems of social integration. This aspect is highlighted 
on the map by the fact that the CTs with high percent-
ages of foreign residents coincide with the CTs with the 
highest SE disadvantage. The third factor reiterates the 
concept of the first two, emphasizing the importance of 
mutual support in the family. Finally, the fourth factor 
underlines the importance of home ownership in deter-
mining SES; at the same time, it reveals the relevance of 
the level of education in improving SES situation, and, 
from a health point of view, in understanding preventive 
messages and adhering preventive strategies.
With regard to the distribution of socio-health depri-
vation, the study showed that more than a third of the 
elderly population belonged to medium-high and high 
deprivation groups, and almost half to the medium dep-
rivation group. This underlines the increasing socio-
health problems of the city due to the high percentage 

of elderly persons in the population (27.7%), as already 
revealed by the traditional ISTAT summary indicators 
(old age, structural dependence, replacement indices).
The SMRs for respiratory diseases and COPD in the 
elderly display non-linear behaviors, with highest val-
ues in the two extreme clusters. Moreover, in women 
these SMRs seem to increase as deprivation increases, 
highlighting a worse socio-health situation. Considering 
the SMRs for influenza and pneumonia, the trend is not 
linear in men, while it is positive in women, owing to 
the very high value in the highly deprived. The result 
seen in men may be justified by the inverse relationship 
that was found between vaccination coverage and dep-
rivation, with people belonging to the low deprivation 
group showing the lowest coverage (almost two percent-
age points less than in the high deprivation group). By 
contrast, in women, the socio-health disadvantages tend 
to affect the deprived more than the less deprived; thus 
mortality due to influenza and pneumonia increases in 
this group, as also does mortality due to the other res-
piratory diseases. 
Our findings on the relationship between deprivation 
and mortality are in line with those from similar studies 
conducted in other European cities [28-30]. A study car-
ried out in 15 European cities showed SE inequalities at 
the area level in concomitance with many main causes 
of death. Specifically, SMRs for influenza and pneu-
monia in women were directly associated with SE dep-
rivation in three cities and inversely associated in one, 
while among men a direct association was observed in 
all cities [28]. Moreover, Italian studies have also found 
higher mortality rates in more deprived areas, with sig-

Fig. 2. Vaccination coverage (%) among the elderly in Genoa by deprivation group - period 2014-2016.
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nificantly higher rates being recorded among the more 
deprived elderly both men and women [29, 30]. 
Regarding the association between vaccination cov-
erage and deprivation, most studies conducted in the 
elderly have reported higher influenza vaccination up-
take in the low deprivation groups  [14,  15,  31]. Two 
studies [32-33], however, found that the less deprived 
elderly had lower influenza vaccination coverage than 
those in the lower and middle deprivation classes. We 
found that influenza vaccination coverage was lower 
at both ends of the scale. The low level seen in the 
low deprivation group could be the consequence of 
anti-vaccination campaigns  [34], which have recently 
grown in Italy; these may have induced an exaggerated 
and distorted perception of potential vaccine risks [33] 
more frequent in the higher SE classes. The highest 
vaccination coverage was found in the medium-high 
deprivation group. In this group, it is possible that 
chronic and co-morbid conditions were more common, 
and that these subjects were therefore more likely to 
visit health care facilities where vaccination is encour-
aged and provided [32]. 
The present study has some limitations, the main one 
being that the observation unit was not the individual 
but the CT. This choice, while unavoidable, obliges cau-
tion in making inference about causal associations, as 
the ecological fallacy (namely, the error arising when the 
characteristics of a reference area, such as the CT, are 
assumed to apply to every individual in that area) can-
not be ruled out [2, 3, 22]. Another limit may concern 
the possible under-reporting of vaccination coverage by 
GPs and, therefore, the incompleteness of data. On the 
other hand, one of the main strengths of the study lies in 
its use of validated administrative data, which makes the 
analysis transparent and repeatable. Moreover, it must 
be underlined that the different method of constructing 
the SEHDI could have given rise to differences from the 
literature results, as the associations observed in each in-
dividual investigation are linked to the distribution of the 
population into deprivation groups that are individuated 
by each single index. Indeed, “deductive” indexes – i.e. 
those based on the choice “a priori” of SE variables, each 
one of which is thought to be the best possible indicator 
of poverty – might not be the best method of construct-
ing the best deprivation index to use for health purposes.
In conclusion, this study allowed us to describe the situ-
ation of deprivation of the elderly living in Genoa and 
to detect the main critical points concerning influenza 
vaccination. These findings should be taken into account 
in the organization of vaccination campaigns and should 
prompt differentiated actions in each local area. 
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Objective. The aim of this paper is to describe the results 
obtained from the application of a specific local deprivation 
index, to general and cause-specific mortality and influenza 
vaccination coverage among elderly people in the municipality 
of Florence.
Methods. General and cause-specific mortality data (2009-2013) 
and influenza vaccination coverage data (2015/16 and 2016/17) 
were collected for subjects aged ≥ 65 years residing in the munici-
pality of Florence (Tuscany), at the 2011 Census section level. 
A Socio-Economic and Health Deprivation Index (SEHDI) was 
constructed and validated by means of socio-economic indicators 
and mortality ratios.
Results. Half of the population of Florence belonged to the 
medium deprivation group; about 25% fell into the two most 
deprived groups, and the remaining 25% were deemed to be 

wealthy. Elderly people mostly belonged to the high depriva-
tion group. All-cause mortality and cause-specific mortality 
(cancer and respiratory diseases) reached their highest values 
in the high deprivation group. Influenza vaccination coverage 
(VC) was 54.7% in the 2015/16 and 2016/17 seasons, combined. 
VC showed a linear rising trend as deprivation increased and 
appeared to be correlated with different factors in the different 
deprivation groups.
Conclusions. As socio-economic deprivation plays an important 
role in health choices,  application of the SEHDI enables us to 
identify the characteristics of the main sub-groups of the popula-
tion with low adherence to influenza vaccination. The results of 
the present study should be communicated to General Practition-
ers, in order to help them to promote influenza vaccination among 
their patients.
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Introduction

Tuscany, an Italian Region with a population of 
3,742,437  [1], is composed of 10 Provinces and 276 
Municipalities. Florence, the capital city of Tuscany, is 
situated in the north of the Region and is the most popu-
lous city. In the municipality of Florence, the population 
grew from 358,079 in 2011 [2] to 382,258 in 2017 [1]. 
Elderly people, i.e. aged ≥ 65, account for about a quar-
ter of the whole population (25.5% in 2011 and 25.8% 
in 2017) [1]. The age pyramid shows that people older 
than 80 years are more frequently widows or widow-
ers, a condition that is more frequent among women [3]. 
With regard to the structural indicators of the population, 
in 2017 the ageing index was 214.8 and the old-age de-
pendency ratio was 41.5 [4].
According to 2001 Census data, the areas with the high-
est percentages of deprived and highly deprived people 
are those on the western side of Florence and the area 
south of the River Arno. By contrast, the north-eastern 
area of the city has the lowest percentage of deprived 
and highly deprived people [5]. In a recent analysis per-
formed in 2012, the percentage of people living in de-

prived or highly deprived areas of the city was 37.2%, 
lower than the average Tuscan value (40%) [5].
The main causes of death are cardiovascular diseases 
(36.1%) and cancer (28.9%). Other significant causes 
of death are respiratory tract diseases, nervous system 
diseases, injuries and gastrointestinal diseases. Cumula-
tively, the six above-mentioned leading causes of death 
account for more than 87% of all deaths [5]. 
In the Local Health Unit of Florence, the standardized 
mortality ratio in the years 2013-2015 was 8.7/1000: 
specifically, 10.9/1000 in males and 7.2/1000 in females. 
The standardized PYLL (potential years of life lost) rate 
was 33.03 (32.8-33.3) and the age-standardised avoid-
able mortality rate was 176.3/100,000 (166.7/100,000-
185.8/100,000) [6].
With regard to socio-economic aspects, in 2017 the total 
unemployment rate in the Province of Florence stood at 
6.8% [7]. This value has shown an increasing trend over 
the last ten years, but it remains lower than the regional 
Tuscan unemployment rate. The highest values are those 
among young people aged 15-24, whose unemployment 
rate was 16.4% in 2017. The employment rate of the 15-
64 age-group was 69.3% in 2017 [7, 8]. 
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Here, we report the results obtained from the applica-
tion of the deprivation index to mortality and influenza 
vaccination coverage among people over 65 years of age 
according to the 2011 Census data on the municipality 
of Florence.

Methods

The study was approved by the Local Ethics Committee 
in September 2016, and data collection was authorized 
to start in October 2016. Moreover, in order to enable 
the analysis of coverage data collected by General Prac-
titioners (GPs) in Florence in October 2017, a scientific 
collaboration agreement between the Local Health Unit 
of Central Tuscany and the Department of Health Sci-
ences (University of Florence) was approved. The study 
population comprised subjects aged ≥ 65 years residing 
in the municipality of Florence (Tuscany) who had un-
dergone influenza vaccination by their GPs.
The work was carried out according to the following 
phases:
• Phase 1: collection of mortality data. 

General and cause-specific mortality data were ob-
tained from the Regional Mortality Registry (RMR) 
for the years 2009-2013, by gender and by two age-
groups (0-64y and over 65y). A shared procedure of 
data exchange was established between the Munici-
pal Statistical Office and the RMR, in order to as-
sign each deceased person to the corresponding 2011 
Census section. In this first phase of the data collec-
tion, the following steps were followed:
• the RMR provided the Florence Municipal Statis-

tical Office with a list of names (name, surname, 
date of birth and fiscal code, accompanied by an 
identifier code constructed ad hoc for the study) 
of all the residents of the Municipality of Flor-
ence who had died in the period 2009-2013;

• the Florence Municipal Statistical Office assigned 
each subject on the list provided by the RMR to a 
census section by using two linkages, one for the 
name and date of birth and one for the fiscal code. 
The Statistical Office then sent a file containing 
only the following information to the RMR: the 
identifier code and the census section to which 
the subject had been assigned;

• the RMR then provided the mortality data re-
garding the variables listed above: all causes and 
specific causes of death, by sex, two age-classes 
(0-64; 65+), year and census section. This infor-
mation was then transmitted by the RMR to the 
local study manager and, in aggregate form, to the 
Project Coordinator.

• Phase 2: collection of influenza immunization cover-
age data.
During the second phase, the following steps were 
followed:
• collection of the number of subjects 

aged  ≥  65  years vaccinated during the 2015/16 
and 2016/17 influenza vaccination campaigns by 

each GP in Florence. These data were obtained 
through the computer files containing the list 
of vaccinated patients, available at the Florence 
Health District;

• identification of the address of the main outpa-
tient clinic served by each GP. This information 
was used as a proxy of the geographical area of 
each GP, and was obtained from the database con-
taining information on all GPs in Florence;

• the address of each GP’s main clinic was linked 
to the corresponding census section (geocoding), 
after the list of all the addresses and their corre-
sponding 2011 Census sections had been obtained 
from the Statistical Service of the Municipality of 
Florence;

• calculation of the vaccination coverage (VC) in 
each census section. The total number of patients 
aged ≥ 65 years vaccinated by each GP was ob-
tained from the database containing information 
on all GPs in Florence.

The total number of GPs was 260 in the 2015/16 season 
and 266 in the 2016/17 season. The difference between 
the two years was due to the different numbers of GPs 
retiring and of those starting work. 
A local Socio-Economic and Health Deprivation Index 
(SEHDI) was developed according to the methodology 
proposed by Lillini et al. [9]. Three main factors made 
up the index and provided the best profiles of socio-
economic-health inequalities in Florence; these factors 
explained 60.7% of the total variance.
To test the accuracy of the SEHDI, a validation proce-
dure using socio-economic indicators and mortality ra-
tios was performed [9].

Results

Regarding the socio-economic validation of the SEHDI, 
Figure 1 shows the main socio-economic status indexes 
for each deprivation group.
Half of the population of Florence belonged to the medi-
um deprivation group. About 25% fell into the two most 
deprived groups, and the remaining 25% were deemed 
to be wealthy. The least deprived groups were seen to 
live in the city centre area, while the north-western area 
of the city had the highest percentage of deprived resi-
dents. Elderly people mostly belonged to the high dep-
rivation group, which showed the highest ageing index 
value (292.92).
The unemployment rate varied from 4.53 to 7.01, with 
the highest value in the high deprivation group. Accord-
ingly, the employment rate was highest (74.28) in the 
low deprivation group, as was the activity rate (57.80).
Concerning mortality ratios, Table  I shows the general 
and cause-specific mortality ratios in each deprivation 
group. Cause-specific mortality was analysed with re-
gard to the following diseases: cancer (general and sex-
specific) and respiratory tract diseases (including pneu-
monia and COPD).
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The RMR recorded a total of 22,563 deaths among resi-
dents of the municipality of Florence in the period 2009-
2013. Of these, 22,032 deaths were linked to the 2011 
census sections and included in the analysis; this figure, 
which corresponded to 97.6% of the total number of 
deaths, was obtained after electronic and manual cross-
check and data validation. 
All-cause mortality and cancer-related mortality showed 
a non-linear trend, with the highest values in the high 
deprivation group; the respiratory disease-specific mor-
tality rate displayed a linear trend, with the highest value 
in the high deprivation group. 
Regarding the distribution of the SEHDI by census 
section, the analysis showed that high deprivation was 
concentrated mainly on the western side of the city. The 
central area (north and south of the river) was the least 
deprived (Fig. 2). 

After application of the “linkage procedure” between 
the census section and the VC of each GP’s main outpa-
tient clinic, the overall average VC was calculated to be 
54.7% in the 2015/16 and 2016/17 seasons, combined; 
specifically: 57.3% in the 2015/16 season and 53.8% in 
2016/17. 
The results showed a linear rising trend in VC as depri-
vation increased (Fig. 3A-3C), which means that elderly 
subjects in the highly deprived group were more likely 
to be vaccinated than those in the least deprived group. 
Concerning the 2015/16 season, a positive correlation 
emerged between VC and the percentage of married 
people, of people with lower secondary education, and 
of 2-member families. By contrast, a negative correla-
tion was seen between VC and the percentage of singles/
unmarried, of unemployed people looking for new jobs, 
of foreigners and stateless persons residing in Italy, of 
1-member families and of unemployment.

Fig. 1. Distribution of socio-economic status indexes in the five deprivation groups.
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In the 2016/17 season, a positive correlation was ob-
served between VC and the percentage of married 
people, of 2- and 4-member families, and the average 
number of people per occupied dwelling. VC displayed 
a negative correlation with the percentage of separated 
and divorced people, of people belonging to the labour 
force, of unemployed people looking for new jobs, of 
term contract workers, and of temporary jobs.
Finally, in the whole period (2015/17), a positive cor-
relation emerged between VC and the percentage of 
married people and of 2- and 4-member families, and 
the average number of people per dwelling. A negative 
correlation was seen between VC and the percentage of 
divorced people, of people belonging to the labour force, 
of unemployed people and of temporary jobs. 
On examining the individual census variables, it emerged 
that VC correlated with different factors in the different 
deprivation groups (Tab. II).

Discussion

Using census data to quantify socio-economic deprivation 
is a generally well-accepted method of identifying popu-
lations with poorer health outcomes  [10]. In particular, 
since influenza immunization among the elderly is an im-

portant public health intervention to prevent unnecessary 
hospitalizations and premature death, the use of socio-
economic deprivation indexes has been proposed in order 
to identify non-vaccinating subgroups [11].
In recent years, the age structure of the Florentine popu-
lation has shown a reduction in the central age-groups 
and a steady increasein the elderly population. In par-
ticular, the percentage of older women living alone in-
creases with age, and these subjects constitute a group at 
high risk of social isolation and poverty [3, 4, 12].
In the present study, a specific deprivation index, the SE-
HDI, was drawn up and validated at the local level, in 
order to obtain a better estimation of health inequalities 
associated with environmental factors.
Regarding validation of the SEHDI, the present study 
confirmed, as expected, that elderly people are more 
likely to belong to the most deprived group. With regard 
to health-related validation, mortality was clustered by 
both overall and cause-specific mortality in this study. 
The results showed that increasing deprivation is signifi-
cantly associated with all-cause and cause-specific mor-
tality. The association with socio-economic deprivation 
is less clear with regard to mortality due to colorectal 
cancer, which showed higher values in the medium-low, 
medium and medium-high deprivation groups. These re-
sults are consistent with those of previous studies, which 

Tab. I. Rates of general and cause-specific mortality in each deprivation group.

A) General and cause-specific mortality rates (respiratory tract diseases)

Deprivation group General mortality 
SMR(95%CI)

Respiratory tract
SMR(95%CI)

Pneumonia/Flu
SMR (95%CI)

COPD
SMR(95%CI)

High deprivation 1.22(1.17-1.27) 1.51(1.29-1.74) 2.06(1.49-2.62) 1.29(0.99-1.29)
Medium-high deprivation 1.04(1.00-1.07) 1.08(0.94-1.22) 1.23(0.90-1.56) 1.10(0.89-1.30)
Medium deprivation 1.10(1.08-1.12) 1.25(1.16-1.34) 1.79(1.56-2.02) 1.08(0.97-1.20)
Medium-low deprivation 1.13(1.09-1.16) 1.22(1.06-1.39) 1.39(1.02-1.77) 1.04(0.82-1.25)
Low deprivation 1.00(0.96-1.05) 1.08(0.89-1.26) 1.36(0.90-1.81) 1.05(0.78-1.32)
Total 1.09(1.08-1.11) 1.23(1.17-1.29) 1.63(1.47-1.78) 1.10(1.01-1.18)
Trend p<0.05 n.l. p<0.05 l. p<0.05 l. p<0.05 l.
B) Cause-specific mortality rates (cancer)

Deprivation group All cancers
SMR(95%CI)

Stomach
SMR(95%CI)

Colorectal
SMR(95%CI)

Lung
SMR(95%CI)

High deprivation 1.20(1.09-1.30) 1.50(1.06-1.95) 1.26(0.94-1.58) 1.77(1.48-2.05)
Medium-high deprivation 1.02(0.95-1.09) 1.08(0.80-1.37) 1.30(1.05-1.54) 1.24(1.06-1.42)
Medium deprivation 1.05(1.01-1.09) 0.99(0-83-1.14) 1.40(1.26-1.55) 1.12(1.02-1.22)
Medium-low deprivation 1.11(1.03-1.19) 1.19(0-86-1.51) 1.52(1.23-1.81) 1.21(1.01-1.40)
Low deprivation 0.88(0.79-0.97) 0.95(0.60-1.30) 1.00(0.71-1.28) 0.89(0.68-1.09)
Total 1.05(1.02-1.08) 1.08(0.96-1.19) 1.35(1.25-1.45) 1.19(1.12-1.26)
Trend p<0.05 n.l. p<0.05 l. p<0.05 l. p<0.05 l.
C) Breast cancer and prostate cancer mortality rates

Deprivation group Breast cancer (F)
SMR(95%CI)

Prostate cancer (M)
SMR(95%CI)

High deprivation 1.35(0.93-1./8) 1.36(0.83-1.98)
Medium-high deprivation 1.04(0-75-1.33) 1.03(0-68-1.38)
Medium deprivation 1.13(0.96-1.29) 1.03(0.83-1.22)
Medium-low deprivation 1.27(0.93-1.61) 0.92(0.57-1.28)
Low deprivation 1.14(0.72-1.55) 0.68(0.30-1.07)
Total 1.16(1.03-1.28) 1.01(0.87-1.15)
Trend p<0.05 n.l. p<0.05 l.

n.l.: non-linear trend; l.: linear trend; F = females; M = males.



A. BECHINI ET AL.

E22

Fig. 2. Distribution of deprivation indexes in the Municipality of Florence, by census section.

Fig. 3: Influenza vaccination coverage (%) in the different deprivation groups:
a): Season 2015/16; b): Season 2016/17; c): Seasons 2015/16 and 2016/17 combined.
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Tab. II. Factors influencing vaccination coverage in each deprivation group (with correlation values and statistical significance).

Season 2015/16  Pearson correlation P value
High deprivation
% singles/unmarried -1.000 0.020
% upper secondary school 0.997 0.046
% earners from labor or capital income 0.998 0.042
% 2-member families -0.999 0.026
% single-parent families with children under 15 years -0.998 0.042
% single-member families 65+ 0.999 0.031
Medium-high deprivation
% 3-member families 0.597 0.011
Medium deprivation
% singles/unmarried -0.408 0.007
% married 0.342 0.025
% foreigners and stateless persons residing in Italy -0.329 0.031
% rented homes -0.351 0.021
% owned homes 0.323 0.034
% employees 0.311 0.043
% temporary job -0.329 0.031
Medium-low deprivation
% belonging to labor force -0.572 0.032
% employed -0.541 0.046
% not belonging to the labor force 0.662 0.010
% students 0.548 0.042
% earners from labor or capital income 0.601 0.023
% employees -0.638 0.014
Average area of homes occupied 0.542 0.045
Activity rate -0.635 0.015
Low deprivation
No correlation
Season 2016/17  Pearson correlation P value
High deprivation
% lower secondary school 0-.995 0.043
% unemployed looking for new jobs -0.999 0.033
% employed -0.999 0.026
% self employed 0.994 0.041
Activity rate unemployed looking for new jobs -0.998 0.039
Unemployment rate -1.000** 0.006
Medium-high deprivation
% 3-member families 0.458 0.044
Medium deprivation
% divorced -0.292 0.048
% primary school diploma -0.279 0.041
% unemployed looking for new jobs -0.355 0.024
% self-employed 0.355 0.025
% single-parent families with children under 15 years -0.314 0.048
Unemployment rate -0.315 0.048
Medium-low deprivation
% housewives -0.566 0.044
% 3-member families 0.617 0.025
Low deprivation
% married 0.476 0.025
% separated -0.380 0.041
% rented homes -0.379 0.082
% 2-member families 0.447 0.037
% 3-member families -0.405 0.041
% term contract workers -0.403 0.043
% temporary job -0.659* 0.001
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have demonstrated that people living in more deprived 
areas have higher mortality rates than those living in less 
deprived areas [13-16].
From the analysis of the distribution of deprivation in 
the municipality of Florence, it emerges that the most 
deprived area is the western suburb, where the poorest 
people live. By contrast, the central area of the city ap-
pears to be the least deprived, although it does contain 
some deprived quarters. This could be due to the fact that 
not only economic but also familial and social factors 
(such as living alone, less access to health services) are 
involved in deprivation.
Vaccination coverage in the two flu-seasons proved to 
be low and did not meet the goal of 75% uptake among 
older people, which is the national minimum target set 
for people over 65y [16]; indeed, VC values were below 
65%, which is very far from the optimal national target 
of 95%. 
Application of the SEHDI to elderly people in the mu-
nicipality of Florence revealed that adherence to influ-
enza vaccination was greatest in the sub-group with the 
highest level of deprivation. These results differ from 
some previous findings. Indeed, a systematic review 
conducted in 2017, which investigated the association 
between deprivation indexes and anti-influenza vaccina-
tion coverage in the elderly population, found that elder-
ly subjects belonging to the least deprived group were 
significantly more likely to be vaccinated than those in 
the most deprived group  [11]. Moreover, Anu Jain et 
al. [18] reported that seasonal influenza vaccination up-
take was modestly lower (7-11%) amongst those living 
in the most deprived areas.
On examining the individual Census variables, it is pos-
sible to identify some characteristics that further define 
the sub-groups of population with lower vaccination up-

take. The results showed a positive correlation between 
immunization coverage and the percentage of married 
people and the average number of family members. By 
contrast, a negative correlation emerged between vacci-
nation coverage and the percentage of divorced/single/
unmarried people (probably living alone) and unem-
ployed people. 
Vaccination coverage also appears to be correlated with 
different factors in the different deprivation groups, con-
firming that socio-economic status plays an important role 
in health choices. Thus, the data on vaccination coverage 
in the municipality of Florence, when integrated with the 
index of territorial deprivation, allow us to identify spe-
cific sub-groups of the older population that do not suf-
ficiently adhere to seasonal influenza vaccination advice. 
The present study has some limitations. Firstly, mortal-
ity data and immunization coverage data refer to different 
periods; this is due to the unavailability of the most recent 
mortality data in the period of data collection. Secondly, 
vaccination coverage was calculated only for the two most 
recent influenza seasons (2015/16 and 2016/17), since 
digital data on previous years were not available (data 
from 2009/10 to 2013/14 were available only on paper). 
Moreover, influenza vaccination coverage data could be 
affected by possible bias regarding the correspondence 
between the address of each GP’s outpatient clinic and the 
census section of the Municipality of Florence. Indeed, 
citizens in Tuscany can choose their GP from among all 
those who work in the area that includes their munici-
pality of residence. Consequently, a resident of Florence 
may have chosen a GP whose outpatient clinic was on the 
opposite side of the city, or even in another municipality 
in the same area. The same applies to residents of other 
municipalities in the same area, who may have chosen a 
GP from the municipality of Florence, although they did 

Tab. II. Factors influencing vaccination coverage in each deprivation group (with correlation values and statistical significance).

Seasons 2015/16 and 2016/17 combined Pearson correlation P value
High deprivation
% upper secondary school 0.992 0.049
% not belonging to the labor force 0.997 0.043
% other employment status -0.998 0.041
% earners from labor or capital income 0.992 0.042
% entrepreneurs 0.996 0.049
% self-employed 0.995 0.045
% single-parent families with children under 15 years -0.992 0.042
Medium-high deprivation
% 3-member families 0.586 0.013
Medium deprivation
% married 0.326 0.024
Medium-low deprivation
% primary school diploma -0.510 0.063
% 3-member families 0.503 0.067
% employees -0.718 0.004
Low deprivation
% 2-member families 0.450 0.031
% 3-member families -0.422 0.045

*= p < 0.05; ** = p < 0.01.
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not reside in this municipality. Moreover, a GP may have 
several clinics in the same municipality.

Conclusions

In order to increase vaccination uptake and to under-
stand the factors that influence immunization coverage, 
deprivation indexes can constitute a useful tool to share 
with the GPs in the territory. The results of the present 
study should be communicated to GPs, in order to help 
them to promote influenza vaccination among their pa-
tients, particularly those patients who are less likely to 
be vaccinated and who are at higher risk of death.
Continuing medical education, even in the form of dis-
tance learning, could constitute a useful application of 
the Project.
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Introduction. Socio-economic status (SES) seems to be a determi-
nant of health and is associated with vaccination coverage among 
older and at-risk populations. The aim of this study was to evaluate 
trends in health outcomes and the Socio-Economic and Health Dep-
rivation Index (SEHDI) among elderly people in the city of Palermo. 
Methods. In the 2015 CCM project, the Palermo Unit collected 
mortality data for use in validating the SEHDI. Italian census 
data from 2009 to 2015 on overall mortality and causes of death 
were used. The outcome used to validate the SEHDI was vaccina-
tion coverage from the 2009-2010 to 2014-2015 influenza seasons 
among the elderly in Palermo. 
Results. The SEHDI correlated significantly with all-cause mortal-
ity (p < 0.05), though this correlation displayed a decreasing trend. 

Regarding mortality due to influenza or pneumonia, however, the 
significant correlation (p < 0.05) showed an increasing trend. A 
linear trend was observed in the inverse correlation between the 
SEHDI and vaccination coverage rates (p < 0.05), with an overall 
27% vaccination coverage among older people. Elderly subjects 
living in a census district with more regular immigrants, divorced 
people and single-parent families were more reluctant to undergo 
influenza vaccination. 
Conclusions. This study allowed us to identify subgroups of elderly 
people who are less likely to adhere to influenza vaccination, and to 
whom health promotion interventions could be addressed in order 
to facilitate “healthy aging”.
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Introduction

Vaccination is the most effective means of reducing influ-
enza disease both among at-risk subjects and in the gener-
al population [1, 2]. The Italian Preventive Plan envisions 
free-of-charge influenza vaccination for over 65-year-old 
subjects and those at risk [3]. Nevertheless, in Italy almost 
8 million cases of influenza-like illness (ILI) occur every 
year, imposing a heavy burden in terms of hospitalization 
and mortality [4-6]. Vaccination coverage in Italy is below 
the recommended level of 75% and has shown a decreas-
ing trend in recent years (52.6% among subjects over 65 
years old during the 2016-17 influenza season). Con-
sequently, direct medical costs have risen, owing to the 
increase in Emergency Department and hospital admis-
sions [7]. Literature data have shown that socio-economic 
status and deprivation play a major role in vaccination 
adherence  [8-11]. Indeed, an association has been seen 
between income level and vaccination coverage among 
older and at-risk subjects. This has prompted the hypoth-
esis that Socio-Economic Status (SES) is a determinant 
of health status and the ability to comply with preventive 
recommendations and healthcare indications. In this re-
gard, low SES has been associated with low vaccination 
coverage in Spain, France and the UK [10]. By contrast, 

influenza vaccination coverage in Italy is reported to be 
higher among older people of lower SES  [12, 13]. The 
same association has been observed among people with 
comorbidities who have a higher risk of acquiring influ-
enza [14].
The Department of Science for Health Promotion and 
Mother-Child care of Palermo University contributed 
to the 2015 CCM project financed by the Ministry of 
Health. This project was called “Influenza vaccination 
among older people: developing a deprivation index of 
SES characteristics and informative/educational needs 
in order to increase vaccination coverage, so as to reduce 
influenza-related Emergency Department access and hos-
pitalization”. The purpose of the project was to validate a 
new socio-economic health-status deprivation index with 
a view to evaluating preventive strategies and health out-
comes in the city of Palermo. 
The main aim of the present study was to evaluate the trend 
in health outcomes and the socio-economic health-status 
deprivation index among subjects aged over 65 years in 
Palermo. The secondary objective was to evaluate the 
multidimensional features of SES, in order to identify 
groups of people at higher risk of refusing influenza vac-
cination. 



DEPRIVATION INDEX AND INFLUENZA VACCINATION AMONG THE ELDERLY

E27

Methods

In the 2015 CCM project, the Palermo Unit dealt with col-
lection of mortality data for use in validating the local dep-
rivation index. The 2011 Italian census data on the city of 
Palermo were used to depict demographic characteristics. 
Data on overall mortality and causes of death from 2009 
to 2016 were extracted by applying the ICD9 classifica-
tion to the registry of causes of death, which is managed 
by the Sicilian Regional Health Authority [15]. Observed 
and expected deaths (n = 39,831), stratified by age and sex, 
were correlated with geographic information on the over 
650,000 people living in Palermo. 
All the demographic and socio-economic variables from 
the 2011 Italian Census of Population and Households were 
used to compute the Socio-Economic and Health Depriva-
tion Index (SEHDI) for the municipality of Palermo, at 
Census block (or Census tract) territorial level. The SEHDI 
was computed according to the studies conducted by Lillini 
and Vercelli on local deprivation indexes as a tool for evalu-
ating health inequalities in a population [16]. The values of 
the SEHDI were classified into five levels of deprivation 
(high, medium-high, medium, medium-low, and low).
The SEHDI was then used to study the vaccination cover-
age distribution from the 2009-2010 to 2014-2015 influ-
enza seasons among Palermo residents. For each influenza 
season, vaccination coverage in each Census tract was eval-
uated. This was calculated by recording vaccination adher-
ence among subjects aged over 64 years; these data were 
then linked to each Census block by plotting the geographi-
cal distribution of the offices of the subjects’ general prac-

titioners. Demographic, economic, housing and mortality 
variables were used to carry out a principal-component 
factor analysis, in order to draw up the deprivation index. 
The distribution of vaccination coverage according to the 
SEHDI was evaluated by ANOVA, using the F-test and the 
test of linearity for trend. Pearson’s test was used to evalu-
ate bivariate correlations between vaccination coverage and 
demographic characteristics (divorced, secondary school 
education level, percentage of retired people or school-
children, students, regular migrants and the frequency of 
single-parent families with at least one child < 15 years old) 
stratified by deprivation index. In all analyses, a two-tailed 
significance level was applied (p < 0.05). 

Results

SEHDI and health outcomes of the elderly 
population in Palermo
The distribution of the population living in the city of Paler-
mo, in terms of the different SEHDI groups, was quite ho-
mogeneous, since almost half of the population (46%) was 
classified as having a “medium deprivation” level. More-
over, the extreme groups of SEHDI accounted for only a 
small proportion of the general population. Figure 1 shows 
the distribution of the SEHDI by Census tract; the SEHDI 
distribution in the historical center of the city is shown in 
detail.
Through factor analysis, three main groups of variables 
responsible for 64% of the variability of the SEHDI were 

Fig. 1. Distribution of SEHDI by Census tract in Palermo and focus on its city center.

No detection
  High deprivation
  Medium-high deprivation
  Medium deprivation
  Medium-low deprivation
  Low deprivation
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identified (Tab. I). In detail, the socio-economic group ac-
counted for almost 1/3 (28%) of the general population vari-
ability, followed by socio-cultural factors (22%) and dep-
rivation related to the family context (14%). As shown in 
Table II, the analysis of all-cause mortality, according to the 
SEHDI within the city of Palermo stressed a linear distribu-
tion in the old men (decreasing at deprivation decreasing, 
p < 0.05), not in old women, where a non-linear association 
as found (p < 0.05). Table II also shows a significant cor-
relation between mortality due to influenza or pneumonia 
and higher deprivation indexes (p  <  0.05). On stratifying 
the results of the mortality analysis by gender, an increas-
ing trend in mortality due to influenza or pneumonia was 
found among elderly men as the deprivation index increased 
(p < 0.05). By contrast, a decreasing trend in mortality and 
was observed in elderly women as the deprivation index in-
creased (p < 0.05).

SEHDI and vaccination coverage among the 
elderly population in Palermo
Average influenza vaccination coverage among people 
aged more than 64 years and resident in Palermo between 
the 2009-2010 and 2014-2015 influenza seasons was 27%. 

On comparing vaccination coverage with deprivation lev-
els, a linear trend in the correlation between coverage rate 
increase and deprivation index decrease (p < 0.05) was ob-
served, with 29% coverage in the “medium deprivation” 
group (Tab. III).
The Pearson bivariate correlation between vaccination 
coverage and socio-economic variables showed that el-
derly subjects in Palermo were more reluctant to undergo 
influenza vaccination if they lived in census districts with 
more immigrants, divorced people and single-parent fami-
lies. Conversely, influenza vaccination coverage was higher 
among the elderly living in census districts with more peo-
ple of a higher educational level (at least high school de-
gree) or students, retired people and school-children (not 
working population) (Tab. IV).

Discussion

Social and economic disadvantage is a predictor of mor-
tality, not only in Italy but also worldwide, as reported in 
several studies [17-22]. However, no standardized concise 
indicators that appropriately describe the variability of so-
cio-economic status are available. Accordingly, this study 

Tab. I. Factor analysis of SEHDI demographic, economic and housing variables.

Factor 1
(socio-economic) = 28.2%

Factor 2
(socio-cultural) = 21.9%

Factor 3 
(family-related deprivation) = 

14.2%

SEHDI variables

% earners from labor  
or capital income

Mean number of people  
per family

% single-parent families  
with at least one child < 15years old

Old age index % primary school diploma
Index of structural dependence % literate subjects

% illiterate subjects
Total explained variance = 64.3%

Tab. II. Trend in overall mortality and mortality due to influenza or pneumonia and SEHDI among the elderly population of Palermo.

SEHDI 
level

Overall deaths
observed 65+ M

Overall mortality  
SMR 65+ M

95% CI Overall deaths
observed 65+ F

Overall mortality 
SMR 65+ F

95% CI

High 363 1.12 1.01 1.24 393 0.90 0.81 0.99
Medium-
high

1640 1.05 1.00 1.10 1980 1.00 0.96 1.05

Medium 3729 1.04 1.00 1.07 4484 1.02 0.99 1.05
Medium 
low

1964 0.89 0.85 0.93 2306 0.97 0.93 1.01

Low 148 0.86 0.72 1.00 201 1.16 1.00 1.32
Total 7844 1.00 0.98 1.02 9364 1.00 0.98 1.02
Trend p < 0.05 L p < 0.05 NL
SEHDI 
level

Influenza and 
pneumonia deaths 

observed 65+ M

Influenza and 
pneumonia mortality 

SMR 65+ M

95% CI Influenza and 
pneumonia deaths 

observed 65+ F

Influenza and 
pneumonia mortality 

SMR 65+ F

95% CI

High 12 1.57 0.68 2.46 5 0.65 0.08 1.23
Medium-
high

33 0.90 0.59 1.20 25 0.72 0.44 1.01

Medium 86 1.01 0.80 1.23 88 1.14 0.90 1.38
Medium 
low

52 1.00 0.73 1.27 42 1.01 0.70 1.32

Low 2 0.49 0.00 1.17 2 0.66 0.00 1.58
Total 185 1.00 0.85 1.14 162 0.99 0.84 1.14
Trend p < 0.05 L p < 0.05 NL

M: male; F: female; SMR: Standardized Mortality Rate; SEHDI: Index of deprivation in Palermo; L: Linear trend; NL: Non-Linear trend.
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aimed to draw up a new deprivation index which would in-
clude all-cause mortality as a health indicator and to apply 
this to the socio-economic context of the various districts of 
the city of Palermo. A further aim was to validate a tool that 
could identify sub-groups of elderly people who are most 
likely not to undergo influenza vaccination.
The SEHDI deprivation index did not show a wide range 
of distribution, with a large part of the general population 
belonging to the “medium deprivation” level. This dis-
tribution could suggest that the deprivation index of the 
residents of Palermo is determined predominantly by so-
cio-economic and cultural factors rather than by variables 
concerning the family context. This consideration seems to 
fit into the general social framework observed in Southern 
Italy, where productivity is lower than in Northern and Cen-
tral Italy [18].
The correlation of SEHDI with all-cause and specific mor-
tality rates among the elderly revealed a higher risk of mor-
tality in the most disadvantaged population groups in men 
and a higher risk of mortality among less socio-economi-
cally disadvantaged groups in women. These data are quite 
different from those that emerged from a previous study 
conducted in Sicily, in which higher mortality rates were 
observed among the elderly in the most disadvantaged pop-
ulation groups [17].
Regarding the specific mortality rates due to influenza or 
pneumonia, a similar difference between men and wom-
en was observed. Specifically, the mortality was increas-
ing at increasing deprivation in old men, while among old 
women lower mortality rates correlated with lower depriva-
tion. This effect could be attributable to different attitudes 
towards disease prevention according to gender, as shown 

by a recent Sicilian study on adhesion to Pap smear test-
ing [23].
Assessment of influenza vaccination coverage rates 
among the elderly in Palermo during five consecutive 
influenza seasons showed a linear trend in the correla-
tion between higher deprivation groups and lower vac-
cination adherence, as previously reported in other stud-
ies [8, 10, 24]. This trend was different from that report-
ed in other Italian Regions involved in the 2015 CCM 
project and in other studies, in which lower influenza 
vaccination adherence was related with a lower depriva-
tion index [10, 12, 13].
On analyzing influenza vaccination coverage in relation to 
deprivation clusters, it emerged that a large proportion of 
elderly people lived in areas of higher deprivation, where 
variables most frequently associated with “hard-to-reach” 
subjects (divorce, lower level of education, foreigners) are 
encountered [25, 26].

Conclusions

By correlating this socio-economic and health depriva-
tion index with influenza vaccination coverage in the 
city of Palermo, we were able to identify those sub-
groups of elderly people who were most likely to ad-
here to influenza vaccination. The present study there-
fore contributes to identifying population subgroups for 
which health promotion interventions could be organ-
ized, in order to facilitate “healthy aging” of the elderly 
population. 
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Tab. III. Vaccination coverage and SEHDI of Palermo city from 
2009/2010 to 2014/2015. 

SEHDI Vaccination coverage 65+ 
2009/10-2014/15 (%)

High deprivation 19.05
Medium-high deprivation 24.64
Medium deprivation 28.68
Medium-low deprivation 26.81
Low deprivation 27.25
Overall 27.12
Trend p < 0.05 L

L: Linear trend.

Tab. IV. Correlation between vaccination coverage and demographic characteristics.

Vaccination coverage 65+ 2009/10-2014/15 (%)

% divorced
β-coefficent -0.095

p-value 0.042

% upper secondary school
β-coefficent 0.131

p-value 0.016

% not belonging to the labor force
β-coefficent 0.095

p-value 0.043

% students
β-coefficent 0.132

p-value 0.016

% foreigners and stateless persons residing in Italy
β-coefficent -0.131

p-value 0.016

% single-parent families with children under 15 years
β-coefficent -0.106

p-value 0.053
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Introduction. Elderly people are more likely to develop influ-
enza-related complications. However, despite the recommenda-
tions, the optimal vaccination coverage is not reached. The use 
of deprivation indexes can help to identify subgroups with lower 
vaccination uptake. We analyzed vaccination coverage among 
elderly subjects living in the city of Rome on the basis of their 
socioeconomic characteristics by using a local deprivation index.
Methods. We focused on the population aged ≥ 65 years living in 
the city of Rome from 2009 to 2013. Information on vaccination 
coverage was collected from general practitioners. A combination 
of multivariate techniques, including multiple linear regression, 
factor and cluster analysis, was used to construct a composite 
area-based Index of Socio-Economic and Health Deprivation 
(SEHDI). The index was calculated for each census tract on the 
basis of data from the 2001 Italian census.

Results. The majority of elderly subjects living in Rome belonged to 
the medium (40.4%) and medium-high (24%) deprivation groups; 
only 4.5% of the population was in the low-deprivation group. An 
inverse relationship was found between influenza vaccination cov-
erage and the deprivation index: elderly subjects in the low-dep-
rivation group displayed lower coverage (55.45%) than those in 
the high-deprivation group (57.59%). Specifically, vaccination cov-
erage decreased with the increase of replacement index, employ-
ment rate and the percentage of: single and divorced individuals; 
university  and high-school graduates; employees, entrepreneurs 
and freelancers, family assistants, students; foreigners and stateless 
persons residing in Italy; families consisting of one person.
Conclusions. Our results show an inverse relationship between 
deprivation and vaccination coverage and may help to identify 
subgroups that could benefit from targeted initiatives to increase 
vaccination coverage. 
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Introduction

Influenza is a common infectious disease, affecting 
around 8% of the entire population during the winter 
season each year  [1]. Incidence rates reach the lowest 
values among the elderly, with peaks ranging from a 
minimum of 1.78 per 1,000 to a maximum of 8.55 per 
1,000 in the last nine seasons. In the last influenza sea-
son, the overall incidence of influenza among the elderly 
was 0.46 per 1,000 in Italy and 0.39 per 1,000 in the 
Lazio Region [2]. Although less frequently affected by 
the disease, elderly people are more likely than other 
age-groups to develop influenza-related complications, 
which may even be fatal. Indeed, 90% of deaths due to 
influenza occur among the elderly [1, 3].
Because of these clinical characteristics, elderly people 
are among the targets of influenza vaccination campaigns 
each year. The risk of all-cause and cause-specific mor-
tality has been shown to be higher in the unvaccinated 
elderly subjects than in their vaccinated counterparts [4]. 
Indeed, vaccination has been strongly recommended for 
the elderly since the National Health Plan 1998-2000 

was formulated, which set the minimum vaccination 
coverage goal at 75% [5]. Furthermore, the last two Na-
tional Immunization Plans indicated 95% as the optimal 
goal of vaccination coverage [6, 7]. Nonetheless, neither 
goal has been achieved since the 1999/2000 season. A 
peak coverage of 68.3% among the elderly was observed 
in 2005/2006. Thereafter, a steady decrease ensued, until 
the lowest value of 48.6% was reached in 2014/2015; 
the last two seasons, however, have seen an increase to 
values around 52% [8]. 
The decline in vaccination coverage has led to a signifi-
cant increase in cases of influenza-like illness [9]. Fur-
thermore, since December 2016, an excess in all cause-
mortality, primarily explained by influenza, has been 
observed throughout Europe, particularly among elderly 
people [10]. In Italy, analysis of seasonal mortality from 
2012 to 2015 showed a 13% increase in mortality among 
the elderly in the 2015 winter season, which seemed to 
be due to the peak in influenza [11].
It has been demonstrated that socioeconomic conditions 
play quite an important role in determining adherence to 
immunization programs against influenza, particularly 
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in the elderly population [12, 13]. Indeed, influenza vac-
cination coverage shows local variations [14, 15] and is 
considerably lower among individuals from socioeco-
nomically deprived areas [14, 16]. Our recent systematic 
review also concluded that individuals from different 
groups at risk for influenza were less likely to be vacci-
nated if they lived in more deprived areas in comparison 
with those from affluent areas, regardless of the vaccine 
type (seasonal or pandemic)  [17]. Deprivation indexes 
are measures of the level of deprivation in an area that 
take into consideration the multidimensional aspects of 
social stratification; their implementation at the popu-
lation level could be a useful strategy for measuring 
health disparities and distinguishing non-vaccinating 
groups [18]. 
The aim of our study was to identify groups of subjects 
aged ≥ 65 years with lower vaccination coverage, living 
in the city of Rome, on the basis of their socioeconomic 
characteristics. To this end, we constructed and applied 
a local deprivation index. 

Methods

Study population
The study focused on elderly subjects ≥ 65 years old liv-
ing in the city of Rome from 2009 to 2013. Rome is lo-
cated in the central part of Italy, in the Lazio region, has 
a population of about 2.5 million and a surface area of 
1,290 km2. Elderly people constitute 21.5-22.4% of the 
entire population of the city, a percentage that is in line 
with the national figures [19]. 
To ascertain vaccination coverage, all general practition-
ers (GPs) working in the city of Rome were considered. 

Data sources
Data on influenza vaccination coverage were provid-
ed by the Lazio Health and Social Policy Directorate, 
which collects and validates data from the GPs. The data 
covered the influenza seasons from 2009-10 to 2013-14 
and included the street addresses of GPs’ offices. These 
latter were georeferenced in terms of census tract by the 
Statistics Office of the city of Rome. 
Demographic and socioeconomic characteristics of the 
study population were collected from the National In-
stitute for Statistics, whereas the number of observed 
deaths due to all causes and to specific causes were 
obtained from the Department of Epidemiology of the 
Regional Health Service of the Lazio region. The data 
obtained were stratified by gender and census tract, as 
per the 2001 national census. The ICD-10 codes were 
converted into ICD-9 codes for the query. 

Statistical analysis
A composite area-based Index of Socio-Economic and 
Health Deprivation (SEHDI) was constructed by using a 
combination of multivariate techniques, including mul-
tiple linear regression, factor and cluster analysis for the 
local population, as reported elsewhere  [20]. In calcu-

lating the index, each census tract was used as the unit 
of observation. Standardized Mortality Ratios (SMRs) 
were calculated on the basis of expected deaths, com-
puted at the regional level, in order to validate the index 
with respect to the relationship between deprivation and 
the causes of death, as reported in the literature  [19], 
and to describe the health condition of the population 
considered. SMRs were computed as the ratio between 
observed and expected mortality. Expected cases were 
computed on the basis of expected regional mortal-
ity (overall and for each specific cause, by gender and 
age-group). SMR values higher than 1 indicated a risk 
of mortality higher than the regional one, while SMR 
values lower than 1 indicated a risk of mortality lower 
than the regional one.
The relationship between the SEHDI and vaccination 
coverage was analyzed by means of one-way analysis of 
variance (ANOVA) (statistical significance at p < 0.05) 
in order to evaluate the trend among the deprivation 
groups. A Pearson bivariate correlation, with statisti-
cal significance threshold at p < 0.05, was used to test 
the association between single specific socioeconomic 
and demographic census variables and the vaccination 
coverage in order to identify peculiar characteristics that 
could influence vaccination uptake. 
The relationship between the SEHDI and mortality due 
to all causes and to specific causes was tested through 
ANOVA (statistical significance at p < 0.05) [19]. SMR 
and the results of ANOVA were reported for all-cause 
mortality and two causes of deaths, namely cardiovas-
cular and respiratory diseases, as well as for influenza 
and pneumonia. These choices were supported by the 
fact that the calculation of influenza-associated deaths 
generally takes into consideration respiratory and circu-
latory diseases as underlying causes of death. 

Results

During the study period, the population ranged from a 
minimum of 554,028 to a maximum of 590,603 elderly 
people, with men accounting for between 40.8% and 
40.9% [21-23]. 
According to the factor analysis for the construction 
of the SEHDI, the contribution of the first factor to the 
explanation of the whole variance was 18.6%; this fac-
tor comprised the following variables: percentage of 
widows/widowers, percentage of males, old-age index, 
index of structural dependence, and average number of 
members of households. The contribution of the second 
factor was 13.8%; the third and fourth factors contrib-
uted 9.6% and 9.5%, respectively, while the last factor 
had a value of 7.7% (Tab. I).
According to results, the category of medium depriva-
tion comprised the highest percentage (40.4%) of elder-
ly people living in the city of Rome; 22.7% were classed 
as medium-low deprived while about 1/3 belonged to 
the categories medium-high (24%) or high (8.4%) dep-
rivation. The low-deprivation group accounted for only 
4.5%. Mapping was performed in order to show the 
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spatial distribution of the various groups in the city; the 
distribution of census tracts, with their assigned index 
value, is shown in Fig. 1. The population of the histori-
cal center of Rome has a higher socioeconomic position 
than the rest of the city. A greater concentration of sub-
jects belonging to high and medium-high deprivation 
groups can be seen in the peripheral quarters of the city, 
particularly in the eastern, north-western and southern 
areas (Fig. 1).
A significant linear trend was found in the correlation 
between vaccination coverage and the deprivation index, 
with coverage increasing slightly as deprivation increas-
es: from 55.45% in the low-deprivation group to 57.59% 
in the high-deprivation group (Fig. 2). Specifically, vac-
cination coverage decreased as the following variables 
increased: replacement index, employment rate and the 
percentages of: singles, divorced; graduates and higher 
school graduates; employees, entrepreneurs and free-
lancers, family assistants, students; foreigners and state-
less persons residing in Italy; one-person families. 

We observed a nonlinear significant relationship be-
tween the deprivation index and mortality due to all 
causes and cardiovascular diseases, with high, medium-
low and low deprivation groups showing the highest 
SMRs. Specifically, with regard to all-cause mortality, 
the highest SMRs were seen in the low deprivation group 
among men (SMR = 1.17, 95% CI: 1.11-1.24), women 
(SMR = 1.36, 95% CI: 1.29-1.43) and the total popula-
tion (SMR = 1.26, 95% CI: 1.22-1.31). Analogously, the 
highest SMRs for cardiovascular diseases were observed 
in low deprivation groups (SMR = 1.17, 95% CI: 1.07-
1.27 in men; SMR = 1.23, 95% CI: 1.14-1.33 in women; 
SMR = 1.20, 95% CI: 1.13-1.27 in the total population). 
A significant linear trend was observed in males with 
respect to mortality due to respiratory diseases, with the 
highest SMRs being recorded in high deprivation groups 
(SMR = 1.14, 95% CI: 1.03-1.24) and the lowest in low 
deprivation groups (SMR = 0.86, 95% CI: 0.67-1.05). A 
significant nonlinear trend was observed in women and 
the total population, with the highest SMR in the high 
deprivation group (SMR = 1.27, 95% CI: 1.16-1.38 in 

Tab. I. Factors used for constructing the deprivation index and their corresponding contribution values.

Factor 1 = 18.6% Factor 2 = 13.8% Factor 3 = 9.6% Factor 4 = 9.5% Factor 5 = 7.7%

% widows / widowers % primary school diploma Replacement index % divorced % family helpers

Index of structural dependence
% employed  
in industry

  % separated
% employed  
in agriculture

Old-age index     % rented homes % students

% men        

Average number of household components        

Total variance explained = 59.3%

Fig. 1. Map of Rome showing the spatial distribution of the deprivation index by census tract. Some census tracts (20.1%), comprising 1.3% 
of the entire population of Rome, were not analyzed owing to data incompleteness.
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women and SMR = 1.21, 95% CI: 1.13-1.28 in the total 
population). 
The SMR due to influenza and pneumonia showed a lin-
ear inverse correlation in men (high deprivation group: 
SMR = 0.66, 95% CI: 0.48-0.85; low deprivation group: 
SMR = 1.41, 95% CI: 0.87-1.95) and in the total popu-
lation (high deprivation group: SMR  =  0.76, 95% CI: 
0.63-0.89; low deprivation group: SMR = 1.08, 95% CI: 
0.73-1.42), while the trend was non-linear in women 
(low deprivation group: SMR  =  0.71, 95% CI: 0.31-
1.12; medium-low deprivation group: SMR = 1.05, 95% 
CI: 0.88-1.23) (Tab. II).

Discussion

Our study showed that more than half of the elderly 
population living in the city of Rome in the period 2009-
2013 belonged to the medium, medium-high and high 
deprivation groups, and that there was an inverse rela-
tionship between influenza vaccination coverage and 
the SEHDI, with people in the low deprivation group 
showing the lowest coverage (more than two percent-
age points less than the high deprivation group). A lin-
ear relationship was observed between deprivation and 
mortality due to influenza and pneumonia in the total 
population and among men, with higher SMRs in low 
deprivation groups. By contrast, women in the low dep-
rivation group showed the lowest SMR. The highest 
SMRs due to all-cause and cardiovascular disease mor-
tality were also observed in low deprivation groups. 
Socioeconomic position is a multidimensional concept 
and must be interpreted with caution, since different 

factors have been considered for its evaluation in the 
literature [24]. Nonetheless, our results are in concord-
ance with those of published studies regarding the city of 
Rome. Indeed, the areas that displayed high deprivation 
in our analysis mostly correspond to those with low av-
erage income [25], low socioeconomic position [26] and 
a high index of social disadvantage [27]. 
In Rome, people belonging to medium/high social 
classes mainly reside in the prestigious central areas of 
the city, while those of lower social class tend to live in 
the peripheral areas. Using the socioeconomic position 
(SEP), Cesaroni et al. [26] found a similar distribution 
of socioeconomic inequalities in Rome and reported that 
the peripheral areas of the city (especially eastern and 
northern parts) had a low SEP, while the city center had 
a high SEP. 
A recent report by the statistical office of the city of 
Rome concluded that the central area (municipalities I 
and II) and the northern part of the city had the highest 
economic welfare [25], while the municipalities located 
in the eastern part (municipality V and VI) had lower 
average incomes. The municipalities with the highest 
average income were those that displayed low or medi-
um-low deprivation in our analysis (municipality I, II, 
XV) [25]. The same report also revealed that the percent-
age of elderly people living in conditions of economic 
difficulty (under € 11,000 gross a year) was higher in the 
eastern municipalities, particularly municipalities V and 
VI (32.5% and 37.5% of the total population aged ≥65 
years, respectively) [25].
With regard to the association between vaccination 
coverage and deprivation, our findings are not in line 
with those of most studies. Indeed, most studies con-

Fig. 2. Vaccination coverage (%) among the elderly by deprivation group in the period 2009-2013.
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Tab. II. Standardized mortality due to all causes and to cardiovascular and respiratory diseases, pneumonia and influenza in the period 2009-
2013.

All causes 65+ M All causes 65+ F Total all causes 65+

Deprivation 
groups

Observed SMR 95% CI Observed SMR 95% CI Observed SMR 95% CI

Lower Upper Lower Upper Lower Upper

High 
deprivation

5912 1.13 1.10 1.16 7670 1.22 1.20 1.25 13582 1.18 1.16 1.20

Medium-high 
deprivation

13800 1.07 1.05 1.09 17469 1.16 1.14 1.18 31269 1.12 1.11 1.13

Medium 
deprivation

20156 1.06 1.05 1.07 24656 1.16 1.15 1.17 44812 1.11 1.10 1.12

Medium-low 
deprivation

9599 1.14 1.12 1.17 10552 1.24 1.21 1.26 20151 1.19 1.17 1.21

Low 
deprivation

1451 1.17 1.11 1.24 1515 1.36 1.29 1.43 2966 1.26 1.22 1.31

Total 50918 1.09 1.08 1.10 61862 1.18 1.18 1.19 112780 1.14 1.13 1.15

Trend p<0.05 n.l. p<0.05 n.l. p<0.05 n.l.

Cardiovascular diseases 65+ M Cardiovascular diseases 65+ F Total Cardiovascular diseases 65+

Deprivation 
groups

Observed SMR 95% CI Observed SMR 95% CI Observed SMR 95% CI

Lower Upper Lower Upper Lower Upper

High 
deprivation

2100 1.17 1.12 1.22 3288 1.15 1.11 1.19 5388 1.16 1.13 1.19

Medium-high 
deprivation

5072 1.15 1.12 1.18 7544 1.10 1.08 1.13 12616 1.12 1.10 1.14

Medium 
deprivation

7185 1.10 1.07 1.12 10796 1.12 1.10 1.14 17981 1.11 1.09 1.13

Medium-low 
deprivation

3318 1.15 1.11 1.19 4417 1.14 1.11 1.17 7735 1.14 1.12 1.17

Low 
deprivation

497 1.17 1.07 1.27 623 1.23 1.14 1.33 1120 1.20 1.13 1.27

Total 18172 1.13 1.11 1.15 26668 1.12 1.11 1.14 44840 1.13 1.12 1.14

Trend p<0.05 n.l. p<0.05 n.l. p<0.05 n.l.

Respiratory diseases 65+ M Respiratory diseases 65+ F Total Respiratory diseases 65+

Deprivation 
groups

Observed SMR 95% CI Observed SMR 95% CI Observed SMR 95% CI

Lower Upper Lower Upper Lower Upper

High 
deprivation

447 1.14 1.03 1.24 521 1.27 1.16 1.38 968 1.21 1.13 1.28

Medium-high 
deprivation

1004 1.04 0.97 1.10 1093 1.11 1.04 1.18 2097 1.07 1.03 1.12

Medium 
deprivation

1440 1.01 0.96 1.06 1611 1.16 1.10 1.22 3051 1.08 1.04 1.12

Medium-low 
deprivation

668 1.06 0.98 1.14 704 1.26 1.17 1.36 1372 1.15 1.09 1.22

Low 
deprivation

80 0.86 0.67 1.05 83 1.14 0.90 1.39 163 0.98 0.83 1.14

Total 3639 1.04 1.00 1.07 4012 1.17 1.14 1.21 7651 1.10 1.08 1.13

Trend p<0.05 l. p<0.05 n.l. p<0.05 n.l.

Influenza and pneumonia 65+ M Influenza and pneumonia 65+ F Total Influenza and pneumonia 65+

Deprivation 
groups

Observed SMR 95% CI Observed SMR 95% CI Observed SMR 95% CI

Lower Upper Lower Upper Lower Upper

High 
deprivation

52 0.66 0.48 0.85 80 0.84 0.66 1.03 132 0.76 0.63 0.89

Medium-high 
deprivation

135 0.70 0.58 0.82 202 0.89 0.76 1.01 337 0.80 0.72 0.89

Medium 
deprivation

217 0.76 0.66 0.87 272 0.85 0.75 0.95 489 0.81 0.74 0.88

Medium-low 
deprivation

94 0.75 0.60 0.90 136 1.05 0.88 1.23 230 0.90 0.79 1.02

Low 
deprivation

26 1.41 0.87 1.95 12 0.71 0.31 1.12 38 1.08 0.73 1.42

Total 524 0.75 0.69 0.81 702 0.89 0.82 0.95 1226 0.82 0.78 0.87

Trend p<0.05 l. p<0.05 n.l. p<0.05 l.

SMR: Standardized Mortality Ratio; M: male; F: female; l.: linear; n.l.: non-linear.
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ducted in elderly populations across different seasons 
and countries have reported higher influenza vacci-
nation uptake in low deprivation groups  [14, 15, 28]. 
Only two studies, conducted in Colombia  [29] and 
Germany [30], had findings similar to ours, and report-
ed that elderly people from higher social classes had 
lower influenza vaccination coverage than those from 
lower and middle classes. We hypothesize that our 
findings might be the consequence of anti-vaccination 
campaigns [31], which have grown in Italy, and of the 
increased perception of the potential risks of vaccina-
tion [32], as people from higher socioeconomic classes 
may be more susceptible to both influences. Another 
possible explanation is that, in the high deprivation 
groups, people with chronic and/or co-morbid condi-
tions are more likely to visit health-care facilities and 
have vaccination advised and given [29]. 
Our finding of an association between vaccination cov-
erage and deprivation is to some extent corroborated 
by the relationship between deprivation and mortality. 
Indeed, in our study, both all-cause SMRs and SMRs 
for cardiovascular diseases and for influenza and pneu-
monia showed the highest values in low deprivation 
groups, although the SMRs for respiratory diseases dis-
played the opposite trend. Nevertheless, the evidence on 
the specific topic of influenza-associated mortality and 
socio-economic condition is still contrasting. A recent 
cross-sectional ecological study conducted in 15 Euro-
pean cities showed that SMRs for influenza and pneu-
monia in women were directly associated with socio-
economic deprivation in London, Rotterdam and Kosice 
and inversely associated in Madrid, while in men a direct 
association was found in all 15 cities [33].
Our study has some limitations. The main one is that it did 
not allow us to make inferences about causal association, as 
the observation unit was the census tract. Indeed, the eco-
logical fallacy could not be ruled out. Another limit may be 
connected with the possible under-reporting of vaccination 
coverage by GPs and, therefore, the possible incompleteness 
of the data. On the other hand, one of the main strengths 
of the study lies in its use of validated administrative data, 
which makes the analysis transparent and repeatable. 

Conclusions

In conclusion, our study allowed us to robustly depict 
the situation of deprivation of elderly people living in 
the city of Rome and to ascertain that people from low 
deprivation groups showed lower vaccination coverage. 
These results should be taken into account in the organi-
zation of vaccination campaigns and should prompt dif-
ferential intervention according to the local area. 
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Influenza immunization coverage rates remain far below the 
optimal value recommended by the World Health Organization, 
even in groups considered at high risk, such as the elderly. 
A possible explanation for this suboptimal vaccination uptake 
may be deprivation. A specifically developed local deprivation 
index was proposed for the classification of residents in the 
municipality of Ferrara in order to evaluate the character-
istics of subjects over 65 years of age who accepted/refused 
influenza immunization (2010-2015). The variables building 
this deprivation index were primarily related to demographic 

aspects, such as age, widow/widower status, education, family 
composition and housing characteristics. Influenza immuni-
zation coverage rates were unsatisfactory in all categories of 
deprivation. A statistically significant decreasing trend in cov-
erage rates was observed with decreasing deprivation in the 
general population and in males, but not in females. In addi-
tion to factors composing the local deprivation index, being 
separated, living in a family of three members and independent 
contractor were features that hindered immunization among 
very deprived elderly.
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Introduction

Influenza is a major public health burden. Complica-
tions, including deaths, are more common in the elderly 
and in children younger than one year of age [1]. Vac-
cination against influenza is safe and effective, and large 
cohort studies have shown that it can prevent morbidity 
and mortality in those population groups that suffer the 
main complications of the disease [2]. The World Health 
Organization (WHO) has set a vaccination coverage tar-
get of at least 75% in the elderly population and among 
risk groups. However, although the vast majority of 
countries recommend vaccination of the elderly popula-
tion, coverage of this group is still low, both worldwide 
and in European countries [3].
Situated in the east of the Emilia-Romagna Region, in 
north-eastern Italy, the Province of Ferrara had 353,481 
residents at the time of the 2011 census (23.7% over 
65 years old). The area of the province corresponds to 
that of the Local Health Unit. There are three hospitals 
and one university hospital. Healthcare services are also 
provided by six “Case della Salute” – which are facili-
ties that provide social and healthcare services for the 
population of the catchment area (municipalities or large 
areas inside a municipality)  –  and about 250 General 
Practitioners (GPs). The main city is Ferrara (132,545 
residents in 2011, about 27.4% over 65 years old). As 
observed at the national level, influenza immunization 
coverage rates among elderly people are far below the 

recommended target of 75%, and suffered a sharp de-
crease in recent years, from 66.9% in the 2010-2011 sea-
son to 53.6% in the 2014-2015 season [4]. 
In the period 2015-2017, a national project (sponsored 
by the Italian Center for Disease Prevention and Con-
trol) was implemented, in order to determine whether, 
and how, socio-economic inequalities can influence 
compliance with flu vaccination in subjects aged ≥ 65 
years in Italy. In this framework, we investigated the 
characteristics that were able to promote or to hinder 
influenza immunization among subjects over 65 years 
old living in the municipality of Ferrara. To this end, we 
measured levels of deprivation by means of a specifi-
cally developed local deprivation index.

Methods

The study was part of a national project funded by 
the Italian Center for Disease Prevention and Control 
(CCM); it involved 10 cities/areas in Italy, and was 
conducted under the supervision of the Department of 
Health Sciences of the University of Genoa. 

Ethical aspect
The research was approved by the Ethics Committee of 
the Liguria Region in May 2016 and, later, by the Ethics 
Committee of Ferrara Province in September 2016, in 
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order to ensure compliance with current regulations on 
the protection of personal data.

Population
The study population comprised the entire population 
resident in the territory of the Municipality of Ferrara. 
As the local Socio-Economic and Health Deprivation 
Index (SEHDI) was calculated on the basis of variables 
recorded in the last census (2011), persons resident in 
the period 2010-2015 were considered. Each individ-
ual was assigned to his/her own census unit by geo-
referencing the address and street number. The popula-
tion was stratified according to gender and age (0-64 
and ≥ 65 years old). 

Mortality data collection
Selected causes of death, as recorded in the deaths reg-
ister of the Local Health Unit (LHU) of Ferrara in the 
period 2010-2015, were investigated. The list, accord-
ing to ICD-10, was as follows: all causes (A00-Y89), 
diseases of the circulatory system (I00-I99), diseases 
of the respiratory system (J00-J99), influenza and 
pneumonia (J10-J18), chronic obstructive pulmonary 
disease (J40-J47), diseases of the digestive system 
(K00-K93), diabetes (E10-E14), neoplasms (C00-C43, 
C46-C95), malignant neoplasms of the lip, oral cav-
ity and pharynx (C00-C15), malignant neoplasms of 
the stomach (C16), malignant neoplasms of the colon 
(C18-C21, C26), malignant neoplasms of the trachea, 
bronchus and lung (C33-C34), malignant neoplasms of 
the breast (C50), and malignant neoplasms of the pros-
tate (C61). A separate database for each cause of death 
was set up according to the 1,875 census units of the 
Ferrara municipality. Data on observed mortality were 
acquired by means of a record link between the LHU 
deaths register and the census unit. Expected mortality 
was calculated by multiplying Emilia-Romagna Re-
gion’s mortality rates by the number of individuals liv-
ing in each census unit, thereby obtaining the number 
of expected deaths in 2010-2015.

Assessment of the local deprivation index
The local socio-economic and health deprivation index 
(SEHDI) of the Municipality of Ferrara was calculated 
for each census unit according to the method described 
in Lillini et al.  [5]. Variables resulting from the 2011 
ISTAT census were considered. The population of the 

Ferrara municipality was divided into five groups ac-
cording to the level of deprivation: from high to low. 
The deprivation index underwent socio-economic vali-
dation and healthcare validation by analysis of vari-
ance (ANOVA) with F-test and linearity test. Statistical 
significance was set at p  <  0.05. Variables evaluated 
for socio-economic validation were: dependency ratio, 
old-age dependency ratio, turnover of active popula-
tion, employment and unemployment rates. For the 
healthcare validation, data on all-cause mortality and 
on the above-mentioned selected causes of death were 
evaluated.

Influenza immunization coverage
Data on influenza immunization in subjects over 
65  years old in the period 2010-2015 were collected 
from the LHU’s vaccination register, which records all 
vaccinations carried out in Public Health clinics, and 
from a regional information database (SOLE), which 
stores records of vaccinations carried out by General 
Practitioners. Each subject immunized was assigned to 
the corresponding census unit by geo-referencing his/
her address and street number.

Statistical analysis
Influenza immunization coverage rates in the various 
groups of deprivation were analyzed by means of ANO-
VA with F-test and linearity test (statistical significance 
at p < 0.05). The correlation between immunization cov-
erage rates and single variables within groups of depri-
vation was investigated by means of Pearson bivariate 
correlation (statistical significance at p < 0.05). Statisti-
cal analysis was performed by means of SPSS 19.0 and 
Stata 13.0.

Results

The variables contributing to the SEHDI in the Ferrara 
municipality are reported in Table  I. The factors in-
volved were able to explain 62.3% of the total variance, 
and were primarily related to demographic aspects, such 
as age, widowhood, education, family composition and 
housing characteristics. The deprivation index under-
went socio-economic and healthcare validation, show-
ing a significant correlation both with demographic vari-
ables, such as old-age dependency ratio, and standard 

Tab. I. Variables contributing to Ferrara’s local deprivation index (organized into factors by analyzing the main components).

Factor 1 Factor 2 Factor 3

% earners from labor or capital income

% 2-member families

% residential buildings in mediocre state  
of conservation

% widower/widow

% residences with kitchenette
index of structural dependence
Old-age index
% single-member families 65+
% primary school diploma
Total variance explained=62.3%
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Fig. 1. Composition of Ferrara municipality’s population according to local deprivation index.

Fig. 2. Map of the municipality of Ferrara according to local deprivation index. On the top right, a focus on the center of the city.
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mortality ratio; this revealed that the standard mortality 
ratio increased as deprivation increased. 
Figure 1 shows the classification of the population in-
to five groups according to the SEHDI. As expected, 
the distribution of the general population approached 
a normal distribution, with the majority of inhabitants 
displaying medium deprivation (the middle group) and 
only a small percentage of individuals in the groups of 
high or low deprivation. A normal distribution was also 
observed when only subjects over 65 years of age were 
considered, with almost 44% in the two highest depriva-
tion groups.
Figure  2 shows a map of the municipality of Ferrara: 
census units are shown in different colors, according to 
the degree of deprivation. White areas were not classi-
fied, as they corresponded to unpopulated, open spaces. 
The majority of the territory consisted of large areas of 
medium-low and low deprivation, especially in the east-
ern part of the municipality. Zones of medium-high dep-
rivation were located at the edge of the municipal area, 
while small areas of high deprivation were located both 
in the outer sectors of the municipality (rural areas) and 
in the city centre, inside the ancient walls.
The average influenza immunization coverage rate 
among the over-65s living in the municipality of Ferrara 
in the period 2010-2015 was 55.7%. Coverage rates ac-
cording to deprivation showed unsatisfactory levels in 
all categories of deprivation (Fig. 3). The lowest cover-
age rates were recorded among low-deprivation males 
(50.7%) and medium-low-deprivation females (53.0%), 
while the highest values were observed in low-depri-
vation females (54.8%) and medium-high-deprivation 
males (57.9%). In the general population, and in males 
but not in females, a statistically significant decreasing 
trend in coverage rates was observed as deprivation de-
creased.
In addition to the factors composing the deprivation in-
dex, socio-economic variables able to favor or to hinder 
influenza immunization were assessed according to gen-
der (Tab. II). In males, being unmarried, having a high 
school diploma and being a foreign resident were factors 
hindering immunization, while widowhood and being 
a salaried worker were factors promoting vaccination. 
Among females, poor education (illiteracy and primary 
school diploma), unemployment, living in a family with 
four members and being a house-owner were variables 
that hindered immunization, whereas being a foreign 
resident, being a salaried worker, and living in a single-
parent family with children under 15 years of age fa-
vored compliance with influenza vaccination.
The SEHDI was applied in order to identify specific 
features favouring or hindering influenza immunization 
(Tab. III). In the highly deprived group, only factors hin-
dering the vaccination were observed: being separated, 
living in a family with three members and working as in-
dependent contractor. Being unmarried seemed to favor 
adherence to vaccination, while being married or wid-
owed were factors that hindered immunization among 
subjects in the medium-high, medium and medium-low 
categories of deprivation. Among the least deprived, 

owning one’s home impacted negatively on immuniza-
tion, while being a salaried worker had a positive effect.

Discussion

The socio-economic inequalities underlying health dif-
ferences in Ferrara are mainly due to the age composi-
tion of the population, the family structure and the living 
conditions (more specifically, the characteristics of the 
building).
Indeed, the first factor composing the index is almost 
totally defined by variables which stress the role of age 
and of an aging population. This aspect underlines the 
need for support and specific means of ensuring good 
health conditions for the elderly population.
The second factor is completely defined by only one var-
iable, which concerns the family structure: the percent-
age of 2-member families. This factor reveals that, in 

Fig. 3. Vaccination coverage rates among subjects aged ≥ 65 
years, according to gender and local deprivation index.
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the context of an aging population, a family made up of 
(only) two members can give rise to health inequalities, 
probably owing to difficulties in providing social sup-
port (on the role of social and family support in reducing 
health inequalities, see also Lillini et al. [5], Vercelli et 
al. [6], Casanova et al. [7, 8]).
Finally, the third factor introduces the material element 
of socio-economic inequalities, as reflected by hous-
ing conditions. In Ferrara, old, run-down buildings and 
small dwellings (those with only a kitchenette) identify 
an economic condition that could lead to health prob-
lems and inequalities.

Overall, in Ferrara the SEHDI revealed that old age, 
small families and poor housing were the main predic-
tors of health problems and inequalities. This is not an 
uncommon situation in areas with an aged population 
but quite a solid economic background, and underlines 
the specific need for social support in order to improve 
health prevention and to take care of people when a dis-
ease breaks out [7, 9-11].
Most findings showed that, even when the potential ef-
fect of clinical confounding factors is taken into account, 
a socio-economic gradient exists in vaccination coverage 
among the elderly; specifically, the lower the social posi-
tion of the individual (as measured by several different 

Tab. II. Socio-economic variables influencing immunization rates among subjects aged ≥65 years, according to gender.

Socio-economic variables with Pearson coefficient (p value)
Males Females General population

% unmarried -0.071 0.005) % primary school diploma -0.069 (0.006) % unmarried 0.047 (0. 041)
% widower/widow 0.063 (0.014) % illiterate -0.063 (0.013) % married -0.047 (0.048)

% upper secondary school 
diploma

-0.058 (0.023)
% not belonging  
to the labor force 

-0.047 (0. 045)
% upper secondary school 

diploma
-0.046 (0.061)

% foreigners and stateless 
persons residing in Italy 

-0.055 (0.033)
% foreigners and stateless 

persons residing in Italy
0.076 (0.003) % owned homes -0.067 (0.007)

% employees 0.055 (0.033)

% owned homes -0.074 (0.003) % 4-member families -0.067 (0.007)
% 4-member families -0.084 (0.001) % 5-member families -0.057 (0.023)

% employees 0.136 (< 0.0001) % employees 0.124 (< 0.0001)
% entrepreneurs -0.057 (0.025)

% single-parent families 0.073 (0.003)
% single-parent families 0.052 (0.039)
% single-parent families 
with children < 15 yrs. 

0.047 (0.044)

Tab. III. Socio-economic variables influencing immunization rates among subjects aged ≥65 years, according to clusters of deprivation (p 
value).

Socio-economic variables with Pearson coefficient (p value)

High deprivation
Medium-high 
deprivation

Medium deprivation Medium-low deprivation Low deprivation

% separated 
-0.177 
(0.008)

% unmarried 
0.161 
(0.003)

% unmarried 
0.082 
(0.071)

% unmarried 
0.122 
(0.026)

% 
employees

0.279  
(< 0.001)

% 3-member 
families

-0.141 
(0.035)

% married 
-0.135 
(0.012)

% married 
-0.089 
(0.051)

% widower/ 
widow 

-0.108 
(0.050)

% owned 
homes

-0.157 
(0.018)% self-

employed 
-0.127 
(0.048)

% graduated 
0.156 
(0.004)

% 2-member 
families

-0.109 
(0.016)

% lower 
secondary 

school diploma

0.146 
(0.008)

% upper 
secondary 

school diploma

-0.107 
(0.046)

% 4-member 
families

0.107 
(0.019)

% belonging to 
labor force

0.156 
(0.004)

% housewives 
0.123 
(0.023)

% employees 
0.116 
(0.010)

% employed 
0.169 
(0.002)

% owned 
homes

-0.102 
(0.059)

% single-
parent 
families

0.099 
(0.029)

% not belonging 
to labor force 

-0.206
(< 0.001)

% 2-member 
families

0.192 
(< 0.001)

% foreigners and 
stateless persons 
residing in Italy

0.106 
(0.045)

% 4-member 
families

-0.331 
(0.001)

% self-employed 
0.170 
(0.002)

 % self-
employed 

-0.136 
(0.012)

% single-parent 
families

0.182 
(0.001)
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indicators), the lower is the likelihood of being immu-
nized against seasonal flu [12]. In the literature, studies 
conducted in the US, UK, Canada, Germany and Spain 
have confirmed that higher income, education and better 
housing conditions are predictors of vaccination against 
influenza  [13-18]. In contrast, we recorded generally 
lower coverage rates in medium-low and low deprivation 
classes. Indeed, Italy has already proved to be an excep-
tion, in that the available evidence suggests that in Italy, 
unlike other countries, the lower socio-economic classes 
are more likely to receive influenza vaccination [19-20].
Our data indicated that living in a large family (more 
than 4 members) reduced the likelihood of vaccination 
uptake. By contrast, a recent review  [20] revealed a 
higher uptake among individuals who did not live alone, 
while a survey conducted in France  [21] reported that 
the number of individuals in the household had no sta-
tistically significant impact on seasonal influenza immu-
nization.
The influence of being in employment on vaccination 
uptake seems to differ according to the degree of profes-
sional autonomy. In high and medium-high deprivation 
categories, being self-employed reduced uptake, whereas 
being an employee proved to be a factor that increased 
uptake. Employment is a variable not often considered in 
studies that examine socio-economic determinants of in-
fluenza immunization coverage rates. However, income, 
which can be considered a proxy, albeit not completely 
adequate, has not been unequivocally associated with ei-
ther reduced or increased influenza immunization [22]. 
The influenza immunization uptake among the elderly 
living in the Ferrara municipality in the years 2010-2015 
was inadequate, being far from the goal of 75% fixed 
by the WHO and also adopted by the 2017-2019 Italian 
National Immunization Plan [23]. Nevertheless, having 
evaluated several social and demographic aspects of the 
elderly population, the present study suggests that com-
pliance with common prevention practices in general, 
and with vaccination in particular, varies to some degree 
among different categories of people.

Conclusions

Detailed analysis of the social and demographic features 
of population subgroups who do not adhere to preventive 
practices, as highlighted by the deprivation index, can 
contribute to establishing targeted interventions aimed 
at involving these subjects through specific strategies of 
communion and organization.
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The aim of the present study was to evaluate the relationship 
between social deprivation indexes and anti-influenza vaccination 
coverage in the elderly population (over 65 years old) in Sardinia.
This relationship was first observed in a regional context. 
An already-known deprivation index was used, and its trivial 
relationship with anti-influenza vaccination coverage was 
evaluated. Secondly, the same relationship was assessed in the 
homogeneous area of the Municipality of Sassari. This required 
the adoption of an ad hoc deprivation index, which allowed us 
to stratify the population into deprivation groups and to cor-
relate vaccination coverage with socio-economic variables.

The results showed that regional anti-influenza vaccination cov-
erage increased linearly as deprivation decreased. This trend 
was confirmed in the Municipality of Sassari. Pearson’s analysis 
highlighted factors that significantly correlate with vaccination 
coverage.
In Sardinia, the relationship between anti-influenza vaccina-
tion coverage and socio-economic status is consistent with the 
international panorama, and highlights the necessity to imple-
ment interventions to promote vaccination coverage among the 
elderly.
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Introduction

Socio-economic status and social deprivation influence 
adherence to health prevention programs, particularly 
those regarding vaccination [1-7].
The Italian Region of Sardinia participated in a project 
financed by the Italian Ministry of Health –  (National 
Center for Disease Control and Prevention  –  CCM 
2015: “Indici di deprivazione socioeconomica sani-
taria e coperture vaccinali antinfluenzali negli anziani”, 
as stated by Article 4, paragraph 7 of the collaboration 
agreement), with the aim of assessing the relationship 
between socio-economic inequalities and low anti-in-
fluenza vaccination coverage among subjects aged over 
65 years. To this end, characteristics of socio-economic 
status were examined in order to study their relationship 
with vaccination coverage and thus enable vaccination 
promotion strategies to be implemented on the basis of 
real needs [7-10].
The present study, which focused on the 2015 and 2016 
seasonal influenza periods, was conducted in different 
phases: firstly, the trivial relationship between social 
deprivation and anti-influenza vaccination coverage in 
adults aged over 65 years was observed at the regional 
level among macro areas by means of an already known 
social index (IDMS)  [8]. Secondly, the same relation-
ship was evaluated by means of an ad hoc social index 
(SEHDI) for the homogeneous area of the Municipality 
of Sassari, in order to check for possible biases which 
could affect the trivial analysis.

Methods

Relationship between IDMS index  
and anti-influenza vaccination coverage  
in adults aged over 65 years in Sardinia
According to the distribution of the population 
(1,658,138 inhabitants in 2016 in Sardinia), the regional 
territory is organized into 8 homogeneous areas (AO): 
2 metropolitan areas, 5 aggregated communities, and 
1 small geographically-isolated community. Each AO 
includes a Local Social-Health Area (ASSL), which is 
part of the Territorial Health Protection Agency (ATS), 
as stated by Regional Law [10]. The organization of the 
healthcare network is related to various territorial fea-
tures, such as insularity, conformation, progressive de-
population of rural areas, and population and road dis-
tribution [11, 12]. On account of these features, Sardinia 
has already proved to be an excellent model for epide-
miological studies [13].
In order to evaluate the coverage of anti-influenza vac-
cination offered to over-65s by the 8 ASSLs, data pro-
vided by the Regional Health Department referring to 
two influenza seasons (2015-2016) were analyzed [14].
Furthermore, the relationship between the percentage of 
vaccination coverage and the Index of Sardinian Mul-
tiple Deprivation (IDMS) index  [8], an index already 
available at the macro-area level, was evaluated by ap-
plying a simple linear regression model.
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Relationship between SEHDI  
and anti-influenza vaccination coverage  
in over-65s in Sassari
The homogeneous area of Sassari includes its municipal 
territory, which covers an area of   547.03 km2 and has a 
density of 233.1 inhabitants per km2. The municipal ter-
ritory is divided into 998 census areas, based on common 
economic, social and/or environmental characteristics.
The relationship between social deprivation status and 
anti-influenza vaccination coverage in the over-65s was 
studied with regard to the specific urban and peri-urban 
area of the Municipality of Sassari. To this end, an ad hoc 
Socio-Economic Health Deprivation Index (SEHDI), 
developed by Lillini and Vercelli, was used. This ena-
bled the population to be stratified into groups of depri-
vation. The methods used to develop the SEHDI and to 
define different deprivation groups were taken from the 
previous studies by Lillini and Vercelli on the develop-
ment of local socio-economic deprivation indexes aimed 
at identifying health inequalities in the population on the 
basis of socio-economic stratification [15, 16].
The anti-influenza vaccination coverage rates among 
over-65s within the various deprivation groups were 
compared by means of the ANOVA with F-test and lin-
earity test. Vaccination coverage data provided by Gen-
eral Practitioners (GPs) working in local clinics/poly-
clinics were obtained from the Municipal Social-Health 
District database.
Finally, the relationship between coverage and the SEH-
DI was elaborated by applying a linear regression model.
All of the data collected were processed by means of 
Excel (Microsoft Corp.) and STATA (STATA Corp). The 
datasets are available from the corresponding author on 
reasonable request.

Results

In recent years (2013-2016), a very low average anti-in-
fluenza vaccination coverage (around 40%) was recorded 
among over-65s in Sardinia, with high variability between 
areas and municipalities. In the 2015-2016 season, analy-
sis per AO showed an inversely proportional relationship 
between anti-influenza coverage and the IDMS depriva-
tion index (y = - 12.36x + 50.74; R^2 = 0.15), with the 
highest coverage observed in Ogliastra (Lanusei) (58%) 
and the lowest in Cagliari (28%) (Fig. 1).
The survey of the urban and peri-urban areas of the 
Municipality of Sassari involved the local populations 
of 998 census areas, which amounted to 127,525 of the 
334,103 residents of all ASSLs (74,349 adults over 65) 
during the survey period  [12]. Of these, 111,437 were 
registered at 119 clinics, served by 96 GPs. Adults aged 
over 65 years numbered 27,496, of whom 23,943 consti-
tuted the sample under study.
On the basis of the SEHDI, the population was divided into 
5 groups of deprivation: High Deprivation (7%), Medium-
High Deprivation (13%), Medium Deprivation (61%), Me-
dium-low Deprivation (11%) and Low Deprivation (8%).
The study area and the distribution of the SEHDI are de-
picted in Figure 2; as shown, it is not possible to identify 
a homogeneous territorial trend.
Figure  3 shows the population of over-65s in Sassari, 
stratified according to the 5 above-mentioned SEHDI 
categories, in relation to anti-influenza vaccination 
coverage. A growing trend was observed as wealth in-
creased (y = 1.2223x + 28.662; R^2 = 0.8735). Indeed, 
vaccination coverage was seen to vary from 30% in high 
deprivation areas to 34% in low deprivation areas, the 
difference being statistically significant (ANOVA (F); 
p < 0.05).

Fig. 1. Relationship between the IDMS social index and anti-influenza vaccination coverage among subjects aged over 65 years observed in 
the 8 Sardinian Local Social-Health Areas (ASSL) during the period 2015-2016.
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Table  I shows the correlation between the percentage 
of vaccination coverage in the over-65s and the socio-
economic variables by census areas. 
On the one hand, vaccination coverage increased as the 
following variables increased: percentage of married 
people, percentage of home-owners, and average num-
ber of people per occupied dwellings; on the other, it 
decreased as the percentage of foreigners and stateless 
persons residing in Italy, rented homes and 1-member 
families increased.

The vaccination coverage observed in the high depri-
vation group increased as the percentage of 2-member 
families and the old-age index rose, whereas it decreased 
as the percentage of those working in temporary jobs 
increased.
In the medium-high deprivation group, vaccination cov-
erage was higher among graduates, the self-employed, 
and employees. Furthermore, vaccination coverage 
in the medium deprivation group increased as the per-
centage of 4-member families and those with average 

Fig. 2. Graphic representation of census areas of the Municipality of Sassari.

Fig. 3. Relationship between SEHDI groups of deprivation and anti-influenza vaccination coverage.
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number of people per occupied dwellings, whereas it 
decreased as the percentage of tenants and 1-member 
families increased.
Vaccination coverage in the medium-low deprivation 
group increased as the percentage of foreigners and state-
less residents in Italy rose. Finally, vaccination coverage in 
the low deprivation group rose as the percentage of single-
parent families with children under 15 years old rose.

Discussion

Socio-economic deprivation in urban areas is closely as-
sociated with low vaccination coverage among high-risk 
groups, such as the elderly [3, 4, 17]. Indeed, socio-eco-
nomic status is considered one of the main social determi-
nants both of individuals’ health and of their adherence to 
preventive measures [17, 18]. In particular elderly people’s 
socio-economic status appears to play an important role 
in their compliance with anti-influenza vaccination [6, 7].
Low socio-economic status is usually correlated with 
low vaccination coverage, as reported in Spain, France 
and the United Kingdom [19]. In Italy, however, studies 
by Damiani and Chiatti [17, 20] seemed to suggest that 
the opposite was true, in that anti-influenza vaccination 
was found to be more widespread among elderly sub-
jects belonging to more deprived social classes (65%) 
than among those from wealthier classes (57%).
The present study was conducted in various AOs 
throughout the Sardinia Region, though it focused on 

deprivation in the population of Sassari’s. The aim was 
to determine the relationship between influenza vacci-
nation coverage and deprivation in an at-risk age-group 
(over-65s). In the past, urban and peri-urban areas of 
Sassari have been the focus of various health investiga-
tions [21, 25]. To the best of our knowledge, however, 
this is the first study to focus on the relationship between 
socio-economic status and vaccination coverage.
Data from the entire Sardinian Region, which were ob-
tained by means of the IDMS deprivation index, showed 
an inverse correlation between vaccination coverage 
and deprivation. This finding is similar to that observed 
in the literature, but opposite to that recorded in Italy. 
Indeed, in Sardinia, influenza vaccination coverage in 
adults aged 65 years and over appears to decrease as dep-
rivation increases. This difference between Sardinia and 
the national context could be attributed to two main rea-
sons: 1) the non-homogeneous vaccination offer among 
the different AOs, which does not depend on the IDMS 
used, but could be due to a possible different agreement 
between the ASSLs and the GPs, who strongly influence 
vaccination uptake among the over-65s; 2) a variable 
relationship between vaccination coverage and status, 
which may be attributable, on the one hand, to a linear 
pattern at low levels of coverage, as in Sardinia, and, on 
the other, to a non-linear pattern at higher levels of vac-
cination coverage, such as those found in other territorial 
contexts [14, 16]. 
In order to exclude the potential bias due to possible dif-
ferent agreements with GPs, which could occur regard-

Tab. I. Correlation between socio-economic variables and vaccination coverage among residents aged over 65 years in the Municipality of 
Sassari, by deprivation group.

Population observed Socioeconomic variables Pearson 
correlation

P-value

Over-65s resident in the Municipality of Sassari

% married 0.120 0.032
% foreigners and stateless persons residing in 

Italy
- 0.115 0.039

% rented homes - 0.109 0.051
% owned homes 0.135 0.016

% 1- member families - 0.185 0.001
Number of components per family 0.149 0.008

Average number of people per occupied 
dwelling

0.129 0.019

Over-65s high deprivation
% 2- member families 0.405* 0.040

% temporary job - 0.389* 0.050
Retirement index 0.446* 0.043

Over-65s medium-high deprivation
% degree or other academic qualification 0.391** 0.007

% self-employed 0.402** 0.005
Activity rate 0.293* 0.046

Over-65s medium deprivation

% rented homes - 0.147* 0.034
% 1- member families - 0.248** 0.000
% 4- member families 0.219** 0.001

Average number of people per occupied 
dwelling

0.222** 0.001

Average number of persons per family 0.233** 0.001

Over-65s, medium-low deprivation
% foreigners and stateless persons residing in 

Italy
- 0.594** 0.009

Over-65s, low deprivation
% single-parent families with children under 15 

years
0.544* 0.013

*: p < 0.05; **: p < 0.01.



SOCIAL DEPRIVATION INDEXES AND FLU VACCINATION COVERAGE IN THE ELDERLY POPULATION

E49

less of socio-economic determinants, our study focused 
on the AO of Sassari. The SEHDI enabled us to identify 
and evaluate the relationship between socio-economic 
inequalities and health outcomes. As suggested by the 
literature data  [26, 27], using a deprivation index is 
useful in the study of the health characteristics of the 
population, particularly those of sensitive groups (e.g., 
populations at risk of late diagnosis and/or undergoing 
therapy for chronic-degenerative diseases) [27, 31]. We 
observed that flu vaccination coverage depends on SE-
HDI at the AO level, too.
Moreover, we observed a direct proportional correlation be-
tween vaccination coverage in over-65s and various socio-
economic variables (percentage of married people, average 
number of people per occupied dwellings, rented homes, 
and 1-member families). Conversely, a statistically signifi-
cant inverse relationship was seen between coverage and 
the percentage of foreigners and stateless persons residing 
in Italy, of those in rented homes and of 1-member families.
On the basis of these results, the present study confirms the 
role played by occupational and cultural factors in influenc-
ing adherence to anti-influenza immunization programs, 
as previously observed by several authors [6, 32, 33]. The 
relationship between influenza vaccination coverage and 
clusters of deprivation shows how cultural level and pro-
fessional occupation positively influence adherence to flu 
vaccination among over-65s [6, 34]. 

Conclusions

In Sardinia, the relationship observed between low vac-
cination uptake and socio-economic status was consist-
ent with that reported in the literature. The analysis of 
data on the Municipality of Sassari by means of an ad 
hoc deprivation index (SEHDI) confirmed the relation-
ship seen at the regional level.
Our results emphasize the need to implement interven-
tions for the promotion of vaccination  [30, 35], espe-
cially in high- risk groups, such as the elderly, and to 
hone information on the main cultural and occupational 
factors observed.
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Introduction. In Italy, vaccination against seasonal influenza 
has been recommended for the elderly since 1980, but coverage 
is still far below the WHO minimum target level of 75%. Effective 
interventions to improve influenza vaccination should take into 
account socioeconomic determinants of inequalities in vaccine 
uptake. This study aimed to assess differences in vaccination cov-
erage, by socioeconomic status, among people ≥ 65 years of age 
residing in the Foggia municipality, Italy.
Methods. A Socio-Economic-Health Deprivation Index (SEHDI) 
was constructed by using a multivariate analysis model. The resi-
dent population, for census block, was classified in 5 deprivation 
groups. Differences in demographic and socioeconomic indica-
tors, the standardized mortality ratios (SMRs), and the average 
vaccination coverage among deprivation groups were evaluated 
with the linear F-test. The association between census variables 

and influenza vaccination coverage, in each deprivation group, 
was assessed using the Pearson bivariate correlation.
Results. The SEHDI allowed to identify factors related to ageing, 
housing, household size and composition, and education. Forty 
percent of people residing in the Foggia municipality lived in 
conditions of socioeconomic and health deprivation. Belonging 
to families with 3 or 4 members was associated with increased 
coverage rates. In the most deprived group, vaccination uptake 
was positively associated with the dependency ratio.
Conclusions. The results of this study have shown that there is still 
large room for improving influenza vaccination coverage among 
subjects belonging to the most deprived areas. Surveillance of 
trends in influenza vaccine uptake by socioeconomic groups is 
a feasible contribution to implementing effective, tailored to the 
frail older persons, vaccine utilization programs.
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Introduction

Seasonal influenza is an acute respiratory infection 
caused by influenza viruses which circulate in all parts 
of the world. Several studies have shown that, among 
individuals aged ≥ 65 years, influenza is associated with 
increased morbidity and mortality and excess hospitali-
zations, particularly in industrialized countries [1-4]. 
Vaccination is the most effective method to prevent 
infection and severe outcomes caused by influenza 
viruses  [5]. Vaccination can reduce illness and lessen 
the severity of infection, particularly in groups at risk 
for complications of influenza, such as the elderly and 
subjects of any age with underlying diseases [6]. The 
World Health Organization (WHO) recommends annu-
al influenza vaccination for pregnant women, children 
aged 6-59 months, the elderly, individuals with spe-
cific chronic medical conditions and healthcare work-
ers  [7]. In 2009, the Council of the European Union 
issued a recommendation on seasonal influenza vacci-
nation with the aim of reaching a vaccination coverage 
(VC) rate of 75% among the older age-groups and risk 
groups, as recommended by the WHO. Member States 
were also encouraged to improve vaccination coverage 
among healthcare workers [8].

In Italy, since 1980, influenza vaccination has been 
recommended for people 65 years of age and older, 
those with chronic diseases, children under 12 years 
of age who are receiving long-term anti-inflammatory 
treatment with aspirin, and those who have frequent 
contact with high-risk groups [2, 9]. Vaccination cov-
erage among the elderly population formerly showed 
an increasing trend, reaching 68.7% in the 2005-2006 
season. Subsequently, the proportion of vaccinated el-
derly progressively declined and dropped below 50% 
during two of the latest influenza seasons  [10]. Dur-
ing the 2017-2018 season, vaccination coverage was 
52.7% [10, 11], still far below the minimum (75%) or 
optimal (95%) coverage targets set in the National Vac-
cination Plan (PNPV) 2017-2019 [11].
In the Apulia region, Southern Italy (≈  4,000,000 in-
habitants), in the first half of the 2000s, influenza vac-
cination coverage rates in people aged 65 years and 
over were stably above 68%; they then decreased from 
57.2% in the 2012-2013 season to 48.6% in the 2014-
2015 season. During the 2017-2018 season, the cov-
erage rate rose to 59.4%  [12], with the highest level 
recorded in the district of Foggia (61%) [13].
A systematic review published in 2013 showed that the 
access and adherence to seasonal influenza vaccination 
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among adults aged ≥ 65 years are influenced by social 
determinants of health, such as age, gender, marital 
status, education, ethnicity, socioeconomic status, so-
cial and cultural values, place of residence, lifestyle 
habits, social influences, previous vaccination experi-
ences, perceived susceptibility, sources of informa-
tion and perceived health status  [14]. Also healthcare 
system-related factors, including accessibility, afford-
ability, knowledge, attitudes towards vaccination, and 
physicians’ advice, are important determinants of vac-
cination. Effective interventions to improve influenza 
vaccination should therefore take into account deter-
minants that may cause inequalities in vaccine uptake, 
in order to identify the population groups to which tar-
geted efforts must be addressed [14, 15].
Deprivation indexes have been proposed as useful 
measures for analyzing health inequalities by identify-
ing and evaluating the relationships between socioeco-
nomic status (SES) and health conditions. These index-
es usually refer to geographical aggregations, and are 
used as a proxy of the individual’s conditions according 
to the area of residence. They can be used to identify 
disparities in influenza immunization among the vari-
ous high-risk groups, including the elderly [16, 17].
Because few studies have specifically focused on the 
role played by deprivation indexes in determining vac-
cine uptake  [18-23], we aimed to assess differences 
in influenza vaccination coverage among people ≥ 65 
years of age belonging to different socioeconomic 
groups and residing in the Foggia municipality (Apulia 
region, Italy), according to census district and the vari-
ables recorded [24].

Methods

Setting
The Foggia municipality is the administrative center 
of the homonymous district. Situated in the center of 
“Italy’s granary”, it is an important reference point 
for nearby rural areas  [25]. In terms of population, 
Foggia is the third-largest Apulian municipality, after 
Bari and Taranto. It is the most densely populated mu-
nicipality (299.3 inhabitants/sq km) in the Foggia dis-
trict and has the second-largest territorial extension 
(507.80 sq  km). On 1 January 2017, the population 
was estimated at 151,726 residents (51.8% women), 
20.7% of whom were aged 65 years or older, 65% 
between 15 and 64 years and 14.3% under 15 years. 
Since 2012, the proportion of older persons in the to-
tal population has grown significantly (+ 4.6% of peo-
ple aged ≥ 65 years) and the average age has increased 
by almost 5 years. The old-age-dependency ratio and 
the aging index have increased by 7.7% and 53.6%, 
respectively. In 2017, resident foreigners accounted 
for 4% of the total population (+3% compared with 
2003) (Tab. I) [26, 27]. 

Calculation of the Socio-Economic-Health 
Deprivation Index (SEHDI)
Variables from the data warehouse of the 15th Italian 
General Censuses of Population and Housing 2011 
were considered  [24]. The SEHDI was calculated by 
using a multivariate analysis model as previously de-
scribed by Lillini et al. [18]. Standardized mortality ra-
tios (SMRs) for all-cause and some cause-specific mor-
tality, by gender and age-group (0-64 years and 65+ 
years), were taken from the Apulian Causes of Death 
Registry for the period 2009-2013 (death certificates 
coded in accordance with the International Classifica-
tion of Diseases 10th Revision - ICD10). The resident 
population, by census district, was classified in 5 dep-
rivation groups: high deprivation, medium-high depri-
vation, medium deprivation, medium-low deprivation, 
low deprivation. The chart of the Foggia municipality 
was constructed by means of the ISTAT (Italian Na-
tional Institute of Statistics) shapefile format [28]. 
Data on influenza vaccination uptake in adults 
aged ≥ 65 years in seven seasons (2009-2010 to 2015-
2016) were retrieved from general practitioners’ (GPs) 
medical records of subjects. GPs’ offices (n  =  124) 
were georeferenced and vaccination coverage was cal-
culated for each census district.
Differences in the main demographic and socioeco-
nomic indicators (dependency ratio, aging index, re-
placement index, activity rate, employment and unem-
ployment rates), the SMRs, and the average vaccina-
tion coverage among the five deprivation groups were 
evaluated by means of the linear F-test (p < 0.05).
The association between census variables  [24] and 
influenza vaccination coverage, in each deprivation 
group, was assessed by means of the Pearson bivariate 
correlation (p < 0.05).

Results 

Table II shows the census variables composing the SE-
HDI for the Foggia municipality. The SEHDI allowed 
us to identify 3 main factors related to aging, housing, 
household size and composition, and education. To-
gether, these accounted for 69% of the variance.
Forty percent of people residing in the Foggia munici-
pality lived in conditions of socioeconomic and health 
deprivation (Fig. 1).
Among the main demographic and socioeconomic in-
dicators, dependency ratio, aging index, and replace-
ment index were higher in the most deprived groups 
(p < 0.05 l.), while activity rate was lower. The SMR 
was higher in the high deprivation group (p < 0.05 l.) 
(Tab. III).
Figure 2 shows the geographical distribution of the SE-
HDI by census district. The most deprived area was the 
old part of the city, traditionally inhabited by people of 
lower socioeconomic status and immigrants.
The SMRs for the period 2009-2013 were higher in the 
most deprived groups (p < 0.05 l.) (Tab. IV). 
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Fig. 1. Distribution of population residing in the Foggia municipality, Italy, by deprivation group [24].

Tab. I. Main demographic indicators of Foggia municipality, Italy, years 2002-2017, January 1st.

Year Population 
(n.)

Population 
aged 

0-14 (%) 

Population 
aged 

15-64 (%) 

Population 
aged 

≥ 65 (%) 

Mean 
age 

(years)

Dependency 
ratio (%)

Old-age-
dependency 

ratio (%)

Aging 
index (%)

Resident 
foreigners 

(n.)
2002 155,188 17.7 66.3 16.1 38.8 50.9 24.2 91 -
2003 154,970 17.5 66.1 16.4 39.1 51.2 24.8 93.9 1,431
2004 154,792 17.2 66.1 16.7 39.4 51.3 25.2 96.9 1,955
2005 154,780 17.0 65.9 17.1 39.8 51.7 25.9 100.5 2,085
2006 153,650 16.8 65.8 17.5 40.1 52 26.5 104.2 1,837
2007 153,529 16.5 65.7 17.7 40.5 52.1 27 107.3 2,045
2008 153,469 16.2 65.9 17.9 40.7 51.8 27.2 110.2 2,732
2009 153,239 16.0 65.9 18.1 41 51.7 27.4 112.8 3,361
2010 152,959 15.9 65.9 18.2 41.3 51.7 27.2 114.9 3,857
2011 148,573 15.7 65.8 18.5 41.6 51.9 28.1 117.5 4,290
2012 147,045 15.5 65.7 18.9 41.9 52.3 28.8 122.2 2,803
2013 148,573 15.2 65.6 19.2 42.2 52.4 29.2 126 3,745
2014 153,143 15.1 65.3 19.6 42.4 53.1 30.0 129.7 5,113
2015 152,770 14.8 65.1 20.0 42.7 53.5 30.7 134.9 5,593
2016 151,991 14.6 65.1 20.4 43 53.7 31.3 139.4 5,612
2017 151,726 14.3 65.0 20.7 43.4 53.9 31.9 144.6 6,140

Tab. II. Census variables [24] composing the SEHDI for the Foggia municipality, Italy.

Factor 1 = 38.1% Factor 2 = 16.1% Factor 3 = 14.6%
Housing with bathtub or shower (%) Housing with bathtub or shower (%) Housing with bathtub or shower (%)
Widowers/widows (%) Primary school diploma, illiterate (%)  
2-member families (%)    
Average number of people per family    
Aging index (%)    
Total variance explained = 68.9%
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Fig. 2. Geographical distribution of the SEHDI in the Foggia municipality, Italy [24].
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A non-linear trend was observed in the SMRs for all-
cause and some cause-specific mortality, except for In-
fluenza and pneumonia, in the 65+ age-group (Tab. V).
Mortality data, by sex, age and deprivation group, are 
shown in Table S1.
During seven influenza seasons (2009-2010 to 2015-
2016), vaccination coverage in the elderly population 
residing in the Foggia municipality was 71.9% on av-
erage, with rates above the minimum (75%) coverage 

target recorded in the least deprived groups (p < 0.05 
l.) (Fig. 3).
Residing in an area with a higher proportion of divorced 
persons or immigrants was associated with a lower vac-
cination uptake, while belonging to families with 3 or 
4 members was associated with higher coverage rates 
(Tab. VI). In the most deprived group, vaccination up-
take was positively associated with the dependency ra-
tio (Tab. VII).

Tab. IV. SMRs[2009-2013] for all-cause and some cause-specific mortality in the Foggia municipality, Italy, by deprivation group.

Deprivation 
group

All-cause 
mortality

Diseases of 
the circulatory 

system

Diseases of 
the respiratory 

system

Diseases of 
the digestive 

system

Chronic 
Obstructive 

Pulmonary Disease 
(COPD)

Influenza 
and pneumonia

SMR (95%CI) SMR (95% CI) SMR (95% CI) SMR (95% CI) SMR (95% CI) SMR (95% CI)
High 
deprivation

1.59 (1.48-1.71) 1.67 (1.48-1.87) 1.45 (1.04-1.86) 1.28 (0.78-1.78) 1.04 (0.6-1.47) 4.12 (2.16-6.08)

Medium-high 
deprivation

1.19 (1.14-1.23) 1.19 (1.12-1.27) 1.04 (0.88-1.21) 1.55 (1.28-1.81) 0.69 (0.52-0.86) 2.13 (1.46-2.80)

Medium 
deprivation

0.83 (0.79-0.86) 0.83 (0.77-0.89) 0.81 (0.68-0.94) 0.90 (0.72-1.08) 0.63 (0.49-0.78) 1.68 (1.14-2.22)

Medium-low 
deprivation

0.77 (0.72-0.83) 0.75 (0.65-0.84) 0.81 (0.59-1.03) 0.89 (0.58-1.19) 0.72 (0.46-0.98) 1.55 (0.67-2.43)

Low 
deprivation

0.20 (0.16-0.24) 0.21 (0.14-0.29) 0.07 (0-1.16) 0.34 (0.07-0.61) 0.10 (0-0.24) 0 (0-0)

Total 0.95 (0.93-0.97) 0.96 (0.92-1) 0.88 (0.80-0.97) 1.1 (0.97-1.23) 0.66 (0.56-0.75) 1.88 (1.52-2.24)
Trend p < 0.05 l. p < 0.05 l. p < 0.05 l. p < 0.05 l. p < 0.05 l. p < 0.05 l.

Tab. V. SMRs[2009-2013] for all-cause and some cause-specific mortality in persons ≥65 years of age residing in the Foggia municipality, Italy, 
by deprivation group.

Deprivation 
group

All-cause mortality Diseases of the 
respiratory system

Chronic Obstructive 
Pulmonary Disease 

(COPD)

Influenza and 
pneumonia

SMR (95% CI) SMR (95% CI) SMR (95% CI) SMR (95% CI)
High 
deprivation

0.99 (0.91-1.06) 0.93 (0.67-1.20) 0.67 (0.39-0.95) 2.56 (1.30-3.81)

Medium-high 
deprivation

0.92 (0.88-0.96) 0.83 (0.70-0.97) 0.54 (0.41-0.68) 1.72 (1.16-2.27)

Medium 
deprivation

0.92 (0.88-0.97) 0.93 (0.77-1.09) 0.74 (0.57-0.91) 1.94 (1.28-2.60)

Medium-low 
deprivation

0.98 (0.90-1.07) 1.13 (0.81-1.44) 1.04 (0.67-1.41) 1.95 (0.74-3.15)

Low 
deprivation

0.29 (0.89-0.94) 0 (0-0) 0.10 (0-0.24) 0 (0-0)

Total 0.91 (0.89-0.94) 0.87 (0.79-0.96) 0.65 (0.56-0.75) 1.85 (1.48-2.22)
Trend p < 0.05 n.l. p < 0.05 n.l. p < 0.05 n.l. NS

Tab. III. Main demographic and socioeconomic indicators[24], and SMRs[2009-2013] in the Foggia municipality, Italy, by deprivation group.

Deprivation group Dependency 
ratio (%)

Aging 
index (%)

Replacement 
Index (%)

Activity 
rate (%)

Employment 
rate (%)

Unemployment 
rate (%)

SMR

High deprivation 71.7 383.1 185.4 41.3 52.7 8.9 1.14
Medium-high 
deprivation

60.0 215.0 155.7 42.4 47.8 10.2 0.83

Medium deprivation 53.3 135.4 139.3 44.7 45.5 11.1 0.63
Medium-low 
deprivation

51.6 97.2 102.3 44.7 41,6 11.5 0.82

Low deprivation 60.1 83.2 92.1 46.9 45.3 11.0 0.57
Total 57.8 177.3 139.7 43.8 46.3 10.6 0.8
Trend p < 0.05 l. p < 0.05 l. p < 0.05 l. p < 0.05 l. NS NS p < 0.05 l.
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Discussion

Preventing serious complications of seasonal influenza 
among the elderly remains a public health priority and 
has a major economic and social impact.
Life expectancy considerably increased in most developed 
countries during the twentieth century, and by 2050 it is 

expected that 30% of Europeans will be aged > 60 years 
and at least 10% ≥ 80 years [29]. However, the increase in 
longevity (and in health) is very unevenly distributed across 
groups with different socioeconomic status [30], and health 
inequalities seem to be increasing over time [31].
In agreement with other studies  [29], ours showed that 
the census variables composing the SEHDI for the Foggia 

Fig. 3. Influenza vaccination coverage (averages in seven seasons: 2009-2010 to 2015-2016) in persons ≥65 years of age residing in Foggia 
municipality, Italy, by deprivation group.

Tab. VI. Associations between census variables[24] and influenza vaccine uptake in persons ≥65 years of age residing in the Foggia municipal-
ity, Italy.

Census variable Pearson correlation coefficient P value
3-member families (%) 0.156 0.014
4-member families (%) 0.167 0.012
Divorced (%) -0.199 0.006
Foreigners and stateless persons residing in Italy (%) -0.172 0.011

Tab. VII. Associations between census variables[24] and influenza vaccine uptake in persons ≥65 years of age residing in the Foggia municipal-
ity, Italy, by deprivation group.

Census variable Pearson correlation coefficient P value
High deprivation group
Dependency ratio (%) 0.631 0.012
Employees (%) -0.374 0.017
Foreigners and stateless persons residing in Italy (%) -0.356 0.019
Medium-high deprivation group
Unemployed (%) 0.210 0.017
Entrepreneurs (%) -0.225 0.014
Unpaid family workers (%) -0.200 0.019
Single-parent families (%) -0.243 0.011
Medium deprivation group
Married (%) 0.291 0.015
Replacement Index (%) 0.332 0.01
Divorced (%) -0.475 0.014
Self-employed (%) -0.429 0.029
Medium-low deprivation group No association
Low deprivation group No association
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municipality, Italy, included aging and household size and 
composition, which are considered to be among the main 
determinants of the well-being of older adults.
Research on the relationship between health inequalities 
and social deprivation in older people is scant. Some stud-
ies have suggested that there is only a weak association 
between social deprivation and ill health, or that there is a 
lower mortality differential between older people living in 
affluent areas and those in deprived areas [32]. In the Fog-
gia municipality, we found that some main demographic 
and socioeconomic indicators (such as dependency ratio, 
aging index, and replacement index) were higher in the 
most deprived groups.
Some authors claim that accessibility to healthcare facilities 
influences health service utilization  [18,  31]; health out-
comes may therefore be related to the spatial distribution of 
such services [31, 33]. In our study, the most deprived area 
was the old part of the city, farther from healthcare services 
and with more difficult access to public transport
Our results also support those of other studies, in that all-
cause and cause-specific mortality was found to be higher 
among the most disadvantaged groups [18, 34]. A study of 
socioeconomic inequalities in health and mortality in 22 
European countries showed that, in almost all countries, 
death rates were substantially higher in groups of lower 
socioeconomic status  [35]. In particular, our results are 
consistent with the finding of that a lower mortality due to 
diseases of the respiratory and circulatory systems was as-
sociated with higher socioeconomic status [18, 36, 37]. 
We found excess deaths from influenza and pneumonia 
among the deprived groups. Zhao et al. showed that, dur-
ing the 2009/2010 pandemic and the first post-pandemic 
influenza season in England, persons living in areas with 
the highest level of deprivation had a significantly higher 
risk of death following influenza A(H1N1)pdm09 than res-
idents in areas with the lowest level, in both periods [38]. 
Khieu et al. found that people living in the most deprived 
areas experienced the highest estimated influenza-attribut-
able all-cause mortality rate, which was 1.8 times greater 
than that found in the least deprived areas [39]. These find-
ings support the notion that influenza vaccination should 
be targeted to the most vulnerable groups living in the most 
deprived areas.
Our study showed that a lower socioeconomic status of the 
elderly population residing in the Foggia municipality was 
associated with a lower influenza vaccination uptake. Oth-
er studies on socioeconomic disparities in influenza vac-
cination have reported similar results. For instance, Landi 
et al. found that the presence of economic problems was 
significantly associated with a reduced likelihood of being 
vaccinated [40]. Similarly, Norbury et al. found that peo-
ple living in more deprived areas were less likely than their 
wealthier counterparts to be immunized over two different 
influenza seasons [41]. By contrast, Damiani et al. reported 
that socioeconomic inequalities in influenza vaccine uptake 
were present among adults but not among the elderly, per-
haps because the National Health Service in Italy provides 
influenza vaccination for the elderly free of charge [19].
Finally, our finding of a positive association between vacci-
nation uptake and household size and composition supports 

the hypothesis that social disadvantages, such as isolation 
and low income, may hinder access to the healthcare sys-
tem among elderly people [40].

Conclusions 

Although influenza vaccination coverage among the least 
deprived groups living in the Foggia municipality was above 
the objective of vaccinating at least 75% of the population 
aged 65 years or older, our study, like others, revealed that 
there is still ample room for improvement among subjects 
belonging to the most deprived groups. The surveillance of 
trends in influenza vaccination uptake by socioeconomic 
groups can contribute to reducing health inequalities and 
implementing effective vaccination programs that are tai-
lored to frail older persons.
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Tab. S1. SMRs[2009-2013] for all-cause and some cause-specific mortality in the Foggia municipality, Italy, by sex, age and deprivation group.

 
 

All-cause mortality

Males 
aged 
0-64 

Females 
aged 
0-64 

Total 
population 
aged 0-64

Males
aged 
≥ 65

Females
aged 
≥ 65

Total
population
aged ≥ 65

Total, 
males 

Total,
females

Total
population

Deprivation 
group

SMR (95% 
CI)

SMR (95% 
CI)

SMR (95% 
CI)

SMR (95% 
CI)

SMR (95% 
CI)

SMR (95% 
CI)

SMR (95% 
CI)

SMR (95% 
CI)

SMR (95% 
CI)

High 
deprivation

1.25 (0.88-
1.63)

1.86 (1.27-
2.45)

1.48 (1.16-
1.8)

1.01 (0.89-
1.12)

0.97 (0.87-
1.07)

0.99 (0.91-
1.06)

1.59 (1.42-
1.76)

1.59 (1.44-
1.75)

1.59 (1.48-
1.71)

Medium-
high 
deprivation

1.18 (1.02-
1.34)

1.16 (0.95-
1.37)

1.17 (1.04-
1.3)

0.92 (0.86-
0.97)

0.92 (0.87-
0.97)

0.92 (0.88-
0.96)

1.24 (1.17-
1.31)

1.13 (1.07-
1.2)

1.19 (1.14-
1.23)

Medium 
deprivation

0.95 (0.82-
1.07)

1.04 (0.86-
1.21)

0.98 (0.88-
1.08)

0.85 (0.79-
0.91)

1 (0.93-
1.06)

0.92 (0.88-
0.97)

0.83 (0.78-
0.88)

0.83 (0.78-
0.88)

0.83 (0.79-
0.86)

Medium-low 
deprivation

1.03 (0.81-
1.24)

0.93 (0.65-
1.21)

0.99 (0.82-
1.16)

0.87 (0.76-
0.98)

1.1 (0.98-
1.22)

0.98 (0.9-
1.07)

0.76 (0.68-
0.84)

0.79 (0.71-
0.87)

0.77 (0.72-
0.83)

Low 
deprivation

0.35 (0.17-
0.53)

0.23 (0.03-
0.42)

0.31 (0.17-
0.44)

0.25 (0.16-
0.34)

0.35 (0.23-
0.48)

0.29 (0.22-
0.37)

0.21 (0.15-
0.27)

0.19 (0.13-
0.25)

0.2 (0.16-
0.24)

Total
1 (0.92-

1.08)
1.06 (0.94-

1.17)
1.02 (0.95-

1.09)
0.87 (0.84-

0.91)
0.95 (0.91-

0.99)
0.91 (0.89-

0.94)
0.96 (0.92-

0.99)
0.94 (0.91-

0.98)
0.95 (0.93-

0.97)
Trend p<0.05 l. p<0.05 l. p<0.05 l. p<0.05 l. p<0.05 n.l. p<0.05 n.l. p<0.05 l. p<0.05 l. p<0.05 l.

 
 

Diabetes mellitus

Males 
aged 
0-64 

Females 
aged 
0-64 

Total 
population 
aged 0-64

Males 
aged 
≥ 65

Females 
aged 
≥ 65

Total 
population 
aged ≥ 65

Total, 
males 

Total, 
females

Total 
population

Deprivation 
group

SMR (95% 
CI)

SMR (95% 
CI)

SMR (95% 
CI)

SMR (95% 
CI)

SMR (95% 
CI)

SMR (95% 
CI)

SMR (95% 
CI)

SMR (95% 
CI)

SMR (95% 
CI)

High 
deprivation

1.1 (0-
3.25)

0 (0-0) 0.71 (0-2.11)
0.95 (0.39-

1.52)
0.17 (0-

0.34)
0.43 (0.21-

0.64)
1.43 (0.62-

2.24)
0.28 (0.01-

0.55)
0.7 (0.36-

1.04)
Medium-
high 
deprivation

0.44 (0-
1.06)

0.84 (0-2)
0.58 (0.01-

1.15)
0.71 (0.46-

0.95)
0.43 (0.29-

0.58)
0.53 (0.4-

0.66)
0.85 (0.56-

1.13)
0.56 (0.37-

0.74)
0.67 (0.51-

0.83)

Medium 
deprivation

0.98 (0.19-
1.76)

1.6 (0.2-3)
1.19 (0.48-

1.89)
0.65 (0.39-

0.9)
0.73 (0.51-

0.96)
0.7 (0.53-

0.87)
0.61 (0.39-

0.83)
0.65 (0.46-

0.83)
0.63 (0.49-

0.77)
Medium-low 
deprivation

1.32 (0-
2.81)

0.91 (0-
2.68)

1.18 (0.02-
2.34)

0.8 (0.28-
1.32)

0.7 (0.3-
1.1)

0.74 (0.42-
1.05)

0.68 (0.29-
1.06)

0.52 (0.24-
0.8)

0.59 (0.36-
0.82)

Low 
deprivation

0 (0-0) 0 (0-0) 0 (0-0)
0.21 (0-

0.62)
0 (0-0) 0.09 (0-0.28)

0.12 (0-
0.34)

0 (0-0)
0.05 (0-

0.15)

Total
0.8 (0.35-

1.25)
1.05 (0.32-

1.77)
0.88 (0.5-

1.27)
0.7 (0.54-

0.86)
0.51 (0.4-

0.61)
0.58 (0.49-

0.67)
0.72 (0.57-

0.87)
0.53 (0.43-

0.64)
0.61 (0.52-

0.69)
Trend NS NS NS p<0.05 n.l. p<0.05 l. p<0.05 l. p<0.05 l. p<0.05 l. p<0.05 l.

 
 

Diseases of the circulatory system

Males 
aged 
0-64 

Females 
aged
0-64 

Total 
population 
aged 0-64

Males 
aged 
≥ 65

Females 
aged 
≥ 65

Total 
population 
aged ≥ 65

Total,
males 

Total, 
Females

Total 
population

Deprivation 
group

SMR (95% 
CI)

SMR (95% 
CI)

SMR (95% 
CI)

SMR (95% 
CI)

SMR (95% 
CI)

SMR (95% 
CI)

SMR (95% 
CI)

SMR (95% 
CI)

SMR (95% 
CI)

High 
deprivation

1.56 (0.64-
2.49)

2.43 (0.63-
4.23)

1.81 (0.98-
2.65)

1.07 (0.86-
1.27)

1 (0.85-
1.15)

1.02 (0.9-
1.15)

1.63 (1.33-
1.93)

1.7 (1.45-
1.95)

1.67 (1.48-
1.87)

Medium-
high 
deprivation

0.98 (0.65-
1.31)

0.92 (0.42-
1.42)

0.96 (0.69-
1.24)

0.96 (0.86-
1.06)

0.95 (0.87-
1.03)

0.95 (0.89-
1.02)

1.19 (1.07-
1.31)

1.19 (1.09-
1.29)

1.19 (1.12-
1.27)

Medium 
deprivation

1.03 (0.74-
1.32)

1.62 (1.04-
2.21)

1.2 (0.93-
1.46)

0.89 (0.79-
0.99)

1.01 (0.91-
1.1)

0.96 (0.89-
1.03)

0.8 (0.71-
0.89)

0.86 (0.78-
0.94)

0.83 (0.77-
0.89)

Medium-low 
deprivation

1.08 (0.6-
1.57)

0.92 (0.18-
1.66)

1.04 (0.63-
1.44)

0.84 (0.66-
1.03)

1.12 (0.94-
1.31)

1 (0.87-1.14)
0.67 (0.54-

0.81)
0.81 (0.68-

0.94)
0.75 (0.65-

0.84)
Low 
deprivation

0.11 (0-
0.34)

0 (0-0) 0.08 (0-0.25)
0.3 (0.13-

0.47)
0.48 (0.27-

0.69)
0.39 (0.26-

0.53)
0.18 (0.08-

0.28)
0.24 (0.14-

0.35)
0.21 (0.14-

0.29)
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Tab. S1. SMRs[2009-2013] for all-cause and some cause-specific mortality in the Foggia municipality, Italy, by sex, age and deprivation group.

Diseases of the circulatory system

Males 
aged 
0-64

Females 
aged
0-64

Total 
population 
aged 0-64

Males 
aged 
≥ 65

Females 
aged 
≥ 65

Total 
population 
aged ≥ 65

Total,
males

Total, 
Females

Total 
population

Total
0.99 (0.81-

1.17)
1.24 (0.92-

1.57)
1.06 (0.9-

1.22)
0.91 (0.84-

0.97)
0.98 (0.92-

1.03)
0.95 (0.91-

0.99)
0.92 (0.86-

0.98)
0.99 (0.94-

1.05)
0.96 (0.92-1)

Trend p<0.05 n.l. NS p<0.05 l. p<0.05 l. p<0.05 n.l. p<0.05 n.l. p<0.05 l. p<0.05 l. p<0.05 l.
 
 

Diseases of the respiratory system 

Males 
aged 
0-64 

Females 
aged 
0-64 

Total 
population 
aged 0-64

Males 
aged 
≥ 65

Females 
aged 
≥ 65

Total 
population 
aged ≥ 65

Total, 
males 

Total, 
females

Total 
population

Deprivation 
group

SMR (95% 
CI)

SMR (95% 
CI)

SMR (95% 
CI)

SMR (95% 
CI)

SMR (95% 
CI)

SMR (95% 
CI)

SMR (95% 
CI)

SMR (95% 
CI)

SMR (95% 
CI)

High 
deprivation

0 (0-0)
1.9 (0-
5.62)

0.63 (0-1.85)
0.85 (0.5-

1.2)
1.02 (0.61-

1.43)
0.93 (0.67-

1.2)
1.24 (0.73-

1.75)
1.72 (1.05-

2.39)
1.45 (1.04-

1.86)
Medium-
high 
deprivation

0.94 (0.12-
1.77)

0.39 (0-
1.15)

0.76 (0.15-
1.37)

0.84 (0.66-
1.01)

0.83 (0.63-
1.04)

0.83 (0.7-
0.97)

1.06 (0.84-
1.27)

1.02 (0.77-
1.27)

1.04 (0.88-
1.21)

Medium 
deprivation

1.38 (0.53-
2.24)

0.59 (0-
1.41)

1.13 (0.49-
1.77)

0.89 (0.69-
1.08)

1 (0.74-
1.26)

0.93 (0.77-
1.09)

0.81 (0.64-
0.97)

0.81 (0.6-
1.02)

0.81 (0.68-
0.94)

Medium-low 
deprivation

0.75 (0-
1.78)

0.84 (0-
2.48)

0.78 (0-1.65)
1.02 (0.64-

1.41)
1.29 (0.75-

1.82)
1.13 (0.81-

1.44)
0.74 (0.47-

1.02)
0.92 (0.54-

1.29)
0.81 (0.59-

1.03)
Low 
deprivation

1.51 (0-
3.59)

0 (0-0) 1.05 (0-2.51) 0 (0-0) 0 (0-0) 0 (0-0)
0.11 (0-

0.25)
0 (0-0)

0.07 (0-
0.16)

Total
1.08 (0.59-

1.57)
0.61 (0.07-

1.14)
0.93 (0.56-

1.3)
0.84 (0.73-

0.95)
0.93 (0.78-

1.07)
0.87 (0.79-

0.96)
0.86 (0.75-

0.97)
0.92 (0.78-

1.05)
0.88 (0.8-

0.97)
Trend NS NS NS p<0.05 n.l. p<0.05 n.l. p<0.05 n.l. p<0.05 l. p<0.05 l. p<0.05 l.
 
 

Influenza and pneumonia 

Males 
aged 
0-64 

Females 
aged 
0-64 

Total 
population 
aged 0-64

Males 
aged 
≥ 65

Females 
aged 
≥ 65

Total 
population 
aged ≥ 65

Total, 
males 

Total, 
Females

Total 
population

Deprivation 
group

SMR (95% 
CI)

SMR (95% 
CI)

SMR (95% 
CI)

SMR (95% 
CI)

SMR (95% 
CI)

SMR (95% 
CI)

SMR (95% 
CI)

SMR (95% 
CI)

SMR (95% 
CI)

High 
deprivation

0 (0-0)
8.67 (0-
25.66)

3.89 (0-11.5)
2.62 (0.52-

4.71)
2.52 (0.96-

4.08)
2.56 (1.3-

3.81)
3.66 (0.73-

6.59)
4.43 (1.81-

7.04)
4.12 (2.16-

6.08)
Medium-
high 
deprivation

2.85 (0-
6.8)

0 (0-0) 1.58 (0-3.77)
2.18 (1.2-

3.15)
1.41 (0.76-

2.06)
1.72 (1.16-

2.27)
2.76 (1.58-

3.94)
1.68 (0.9-

2.46)
2.13 (1.46-

2.8)

Medium 
deprivation

3.13 (0-
6.68)

1.35 (0-
4.01)

2.36 (0.05-
4.67)

2.17 (1.1-
3.23)

1.76 (0.92-
2.6)

1.94 (1.28-
2.6)

1.99 (1.09-
2.88)

1.45 (0.78-
2.12)

1.68 (1.14-
2.22)

Medium-
low 
deprivation

2.82 (0-
8.35)

3.83 (0-
11.35)

3.25 (0-7.76)
2.22 (0.27-

4.17)
1.73 (0.21-

3.25)
1.95 (0.74-

3.15)
1.74 (0.35-

3.14)
1.4 (0.28-

2.52)
1.55 (0.67-

2.43)

Low 
deprivation

0 (0-0) 0 (0-0) 0 (0-0) 0 (0-0) 0 (0-0) 0 (0-0) 0 (0-0) 0 (0-0) 0 (0-0)

Total
2.57 (0.51-

4.63)
1.66 (0-

3.54)
2.18 (0.75-

3.6)
2.13 (1.51-

2.74)
1.65 (1.19-

2.11)
1.85 (1.48-

2.22)
2.17 (1.58-

2.76)
1.66 (1.22-

2.11)
1.88 (1.52-

2.24)
Trend NS NS NS NS NS NS p<0.05 l. p<0.05 l. p<0.05 l.
 
 

Chronic Obstructive Pulmonary Disease (COPD)

Males 
aged 
0-64 

Females 
aged 
0-64 

Total 
population 
aged 0-64

Males 
aged 
≥ 65

Females 
aged 
≥ 65

Total 
population 
aged ≥ 65

Total, 
males 

Total, 
females

Total 
population

Deprivation 
group

SMR (95% 
CI)

SMR (95% 
CI)

SMR (95% 
CI)

SMR (95% 
CI)

SMR (95% 
CI)

SMR (95% 
CI)

SMR (95% 
CI)

SMR (95% 
CI)

SMR (95% 
CI)

High 
deprivation

0 (0-0) 0 (0-0) 0 (0-0)
0.61 (0.27-

0.96)
0.74 (0.28-

1.21)
0.67 (0.39-

0.95)
0.92 (0.4-

1.44)
1.23 (0.47-

2)
1.04 (0.6-

1.47)
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Tab. S1. SMRs[2009-2013] for all-cause and some cause-specific mortality in the Foggia municipality, Italy, by sex, age and deprivation group.

Chronic Obstructive Pulmonary Disease (COPD)

Males 
aged 
0-64

Females 
aged 
0-64

Total 
population 
aged 0-64

Males 
aged 
≥ 65

Females 
aged 
≥ 65

Total 
population 
aged ≥ 65

Total, 
males

Total, 
females

Total 
population

Medium-
high 
deprivation

0.43 (0-
1.26)

1.3 (0-
3.84)

0.64 (0-1.53)
0.56 (0.39-

0.73)
0.51 (0.3-

0.72)
0.54 (0.41-

0.68)
0.71 (0.5-

0.92)
0.66 (0.39-

0.93)
0.69 (0.52-

0.86)

Medium 
deprivation

0.94 (0-
1.99)

0 (0-0) 0.71 (0-1.52)
0.71 (0.51-

0.92)
0.8 (0.49-

1.1)
0.74 (0.57-

0.91)
0.63 (0.45-

0.81)
0.64 (0.39-

0.89)
0.63 (0.49-

0.78)
Medium-low 
deprivation

0 (0-0) 0 (0-0) 0 (0-0)
0.83 (0.43-

1.24)
1.43 (0.68-

2.18)
1.04 (0.67-

1.41)
0.58 (0.3-

0.87)
1 (0.48-

1.53)
0.72 (0.46-

0.98)
Low 
deprivation

3.39 (0-
8.1)

0 (0-0) 2.63 (0-6.28) 0 (0-0) 0 (0-0) 0 (0-0)
0.15 (0-

0.36)
0 (0-0) 0.1 (0-0.24)

Total
0.77 (0.15-

1.38)
0.41 (0-

1.2)
0.68 (0.18-

1.19)
0.62 (0.51-

0.74)
0.7 (0.54-

0.86)
0.65 (0.56-

0.75)
0.63 (0.52-

0.75)
0.7 (0.54-

0.86)
0.66 (0.56-

0.75)
Trend NS NS NS p<0.05 n.l. NS p<0.05 n.l. p<0.05 l. p<0.05 l. p<0.05 l.
 

Diseases of the digestive system 

Males 
aged 
0-64 

Females 
aged 
0-64 

Total 
population 
aged 0-64

Males 
aged
≥ 65

Females 
aged 
≥ 65

Total 
population 
aged ≥ 65

Total, 
males 

Total, 
females

Total 
population

Deprivation 
group

SMR (95% 
CI)

SMR (95% 
CI)

SMR (95% 
CI)

SMR (95% 
CI)

SMR (95% 
CI)

SMR (95% 
CI)

SMR (95% 
CI)

SMR (95% 
CI)

SMR (95% 
CI)

High 
deprivation

0 (0-0)
3.82 (0-

8.15)
1.04 (0-2.22)

0.65 (0.17-
1.13)

0.94 (0.46-
1.42)

0.82 (0.48-
1.17)

0.76 (0.2-
1.33)

1.73 (0.93-
2.53)

1.28 (0.78-
1.78)

Medium-
high 
deprivation

1.84 (1.01-
2.67)

1.04 (0.02-
2.06)

1.62 (0.96-
2.29)

1.27 (0.93-
1.62)

1.17 (0.87-
1.46)

1.21 (0.99-
1.44)

1.67 (1.28-
2.05)

1.43 (1.08-
1.78)

1.55 (1.28-
1.81)

Medium 
deprivation

1.13 (0.58-
1.69)

0.8 (0.02-
1.58)

1.05 (0.59-
1.5)

0.78 (0.49-
1.08)

1.24 (0.89-
1.59)

1.02 (0.79-
1.25)

0.8 (0.56-
1.04)

1 (0.73-
1.27)

0.9 (0.72-
1.08)

Medium-low 
deprivation

1.53 (0.47-
2.6)

2.25 (0.05-
4.46)

1.72 (0.75-
2.69)

1.05 (0.43-
1.66)

0.86 (0.33-
1.4)

0.95 (0.54-
1.36)

0.98 (0.54-
1.43)

0.78 (0.37-
1.19)

0.89 (0.58-
1.19)

Low 
deprivation

0.39 (0-
1.14)

1.18 (0-
3.48)

0.58 (0-1.39)
0.68 (0-

1.45)
0.25 (0-

0.75)
0.48 (0.01-

0.95)
0.43 (0.01-

0.84)
0.24 (0-

0.58)
0.34 (0.07-

0.61)

Total
1.28 (0.9-

1.66)
1.3 (0.67-

1.94)
1.29 (0.96-

1.61)
0.99 (0.79-

1.18)
1.1 (0.91-

1.29)
1.05 (0.92-

1.18)
1.07 (0.9-

1.25)
1.13 (0.95-

1.31)
1.1 (0.97-

1.23)
Trend NS NS NS p<0.05 n.l. p<0.05 n.l. p<0.05 l. p<0.05 n.l. p<0.05 l. p<0.05 l.
 
 

Malignant neoplasms

Males 
aged 
0-64 

Females 
aged 
0-64 

Total 
population 
aged 0-64

Males 
aged 
≥ 65

Females 
aged 
≥ 65

Total 
population 
aged ≥ 65

Total, 
males 

Total, 
females

Total 
population

Deprivation 
group

SMR (95% 
CI)

SMR (95% 
CI)

SMR (95% 
CI)

SMR (95% 
CI)

SMR (95% 
CI)

SMR (95% 
CI)

SMR (95% 
CI)

SMR (95% 
CI)

SMR (95% 
CI)

High 
deprivation

1.34 (0.74-
1.94)

1.89 (1.1-
2.68)

1.59 (1.1-
2.07)

1.07 (0.85-
1.28)

1.13 (0.89-
1.36)

1.09 (0.94-
1.25)

1.58 (1.29-
1.87)

1.82 (1.48-
2.16)

1.69 (1.47-
1.91)

Medium-
high 
deprivation

1.1 (0.85-
1.34)

1.35 (1.05-
1.65)

1.21 (1.02-
1.4)

1.04 (0.93-
1.15)

0.87 (0.75-
0.98)

0.97 (0.89-
1.05)

1.28 (1.16-
1.4)

1.14 (1.01-
1.27)

1.22 (1.13-
1.31)

Medium 
deprivation

0.88 (0.69-
1.06)

0.99 (0.77-
1.22)

0.93 (0.78-
1.07)

0.96 (0.84-
1.07)

0.93 (0.79-
1.07)

0.95 (0.86-
1.03)

0.85 (0.76-
0.94)

0.83 (0.73-
0.93)

0.84 (0.77-
0.91)

Medium-low 
deprivation

0.62 (0.36-
0.88)

0.76 (0.43-
1.09)

0.68 (0.47-
0.89)

0.96 (0.76-
1.17)

1.16 (0.87-
1.44)

1.04 (0.87-
1.21)

0.7 (0.56-
0.83)

0.82 (0.65-
1)

0.75 (0.64-
0.85)

Low 
deprivation

0.4 (0.1-
0.69)

0.24 (0-
0.51)

0.33 (0.13-
0.54)

0.28 (0.11-
0.45)

0.32 (0.06-
0.57)

0.29 (0.15-
0.43)

0.23 (0.12-
0.34)

0.19 (0.07-
0.31)

0.22 (0.13-
0.3)

Total
0.9 (0.77-

1.02)
1.08 (0.93-

1.23)
0.97 (0.88-

1.07)
0.97 (0.91-

1.04)
0.93 (0.85-

1.01)
0.96 (0.91-

1.01)
0.97 (0.91-

1.03)
0.97 (0.9-

1.04)
0.97 (0.93-

1.02)
Trend p<0.05 l. p<0.05 l. p<0.05 l. p<0.05 l. p<0.05 n.l. p<0.05 l. p<0.05 l. p<0.05 l. p<0.05 l.
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Tab. S1. SMRs[2009-2013] for all-cause and some cause-specific mortality in the Foggia municipality, Italy, by sex, age and deprivation group.

 
 

Malignant neoplasms of lip, oral cavity and pharynx

Males 
aged 
0-64 

Females 
aged 
0-64 

Total 
population 
aged 0-64

Males 
aged 
≥ 65

Females 
aged 
≥ 65

Total 
population 
aged ≥ 65

Total, 
males 

Total, 
females

Total 
population

Deprivation 
group

SMR (95% 
CI)

SMR (95% 
CI)

SMR (95% 
CI)

SMR (95% 
CI)

SMR (95% 
CI)

SMR (95% 
CI)

SMR (95% 
CI)

SMR (95% 
CI)

SMR (95% 
CI)

High 
deprivation

0 (0-0) 0 (0-0) 0 (0-0)
1.24 (0-

3.67)
0 (0-0) 0.79 (0-2.34) 0.64 (0-1.9) 0 (0-0)

0.45 (0-
1.34)

Medium-
high 
deprivation

2.1 (0.42-
3.78)

1.68 (0-
3.58)

1.94 (0.67-
3.2)

1.63 (0.2-
3.06)

0.67 (0-2)
1.32 (0.26-

2.37)
1.52 (0.62-

2.42)
1.07 (0-

2.28)
1.39 (0.66-

2.12)

Medium 
deprivation

1.03 (0.02-
2.03)

1.28 (0-
2.73)

1.12 (0.29-
1.95)

0.77 (0-
1.84)

0 (0-0) 0.54 (0-1.29)
0.66 (0.13-

1.19)
0.61 (0-

1.46)
0.65 (0.2-

1.1)
Medium-low 
deprivation

0 (0-0) 0 (0-0) 0 (0-0) 0 (0-0)
5.98 (0-
14.28)

1.78 (0-4.25) 0 (0-0)
1.78 (0-

4.25)
0.45 (0-

1.09)
Low 
deprivation

0 (0-0) 0 (0-0) 0 (0-0) 0 (0-0)
8.84 (0-
26.18)

2.25 (0-6.67) 0 (0-0)
1.94 (0-

5.74)
0.47 (0-1.4)

Total
1.05 (0.4-

1.71)
1.05 (0.21-

1.89)
1.05 (0.54-

1.57)
1.05 (0.32-

1.78)
1.14 (0.02-

2.26)
1.08 (0.47-

1.69)
0.79 (0.43-

1.16)
0.96 (0.29-

1.62)
0.84 (0.51-

1.16)
Trend NS NS NS NS NS NS NS p<0.05 l. p<0.05 l.
 
 

Malignant neoplasm of stomach

Males 
aged
0-64 

Females 
aged 
0-64 

Total 
population 
aged 0-64

Males 
aged 
≥ 65

Females 
aged 
≥ 65

Total 
population 
aged ≥ 65

Total, 
males 

Total, 
females

Total 
population

Deprivation 
group

SMR (95% 
CI)

SMR (95% 
CI)

SMR (95% 
CI)

SMR (95% 
CI)

SMR (95% 
CI)

SMR (95% 
CI)

SMR (95% 
CI)

SMR (95% 
CI)

SMR (95% 
CI)

High 
deprivation

0 (0-0) 0 (0-0) 0 (0-0)
1.21 (0.15-

2.28)
1.33 (0.16-

2.5)
1.27 (0.48-

2.06)
1.45 (0.18-

2.72)
1.75 (0.22-

3.27)
1.58 (0.6-

2.57)
Medium-
high 
deprivation

1.06 (0.02-
2.1)

0.78 (0-
1.85)

0.95 (0.19-
1.7)

0.96 (0.47-
1.44)

0.58 (0.15-
1.01)

0.79 (0.46-
1.12)

1.19 (0.65-
1.72)

0.65 (0.2-
1.1)

0.95 (0.59-
1.31)

Medium 
deprivation

0.97 (0.12-
1.82)

0.89 (0-
1.9)

0.94 (0.29-
1.59)

1.13 (0.56-
1.7)

1.54 (0.73-
2.34)

1.3 (0.82-
1.77)

0.99 (0.56-
1.43)

1.05 (0.52-
1.58)

1.02 (0.68-
1.35)

Medium-low 
deprivation

2.1 (0.04-
4.16)

3.36 (0.07-
6.65)

2.58 (0.79-
4.37)

1.24 (0.15-
2.33)

0.73 (0-
1.75)

1.04 (0.27-
1.8)

1.24 (0.43-
2.05)

0.61 (0.08-
1.3)

0.98 (0.43-
1.54)

Low 
deprivation

0 (0-0) 0 (0-0) 0 (0-0)
1.18 (0-

2.82)
0 (0-0) 0.77 (0-1.83)

0.57 (0-
1.35)

0 (0-0)
0.35 (-0.13-

0.82)

Total
1.04 

(0.47-1.6)
1.09 (0.38-

1.81)
1.06 (0.62-

1.5)
1.08 (0.76-

1.41)
0.98 (0.62-

1.34)
1.04 (0.8-

1.28)
1.09 (0.8-

1.38)
0.84 (0.55-

1.14)
0.99 (0.78-

1.2)
Trend NS NS NS p<0.05 n.l. NS p<0.05 n.l. p<0.05 n.l. p<0.05 l. p<0.05 l.
 
 

Malignant colorectal neoplasms

Males 
aged 
0-64 

Females 
aged 
0-64 

Total 
population 
aged 0-64

Males 
aged 
≥ 65

Females 
aged 
≥ 65

Total 
population 
aged ≥ 65

Total, 
males 

Total, 
females

Total 
population

Deprivation 
group

SMR (95% 
CI)

SMR (95% 
CI)

SMR (95% 
CI)

SMR (95% 
CI)

SMR (95% 
CI)

SMR (95% 
CI)

SMR (95% 
CI)

SMR (95% 
CI)

SMR (95% 
CI)

High 
deprivation

4.5 (0.9-
8.09)

1.97 (0-
4.7)

3.4 (1.05-
5.76)

1.84 (0.94-
2.74)

0.94 (0.33-
1.55)

1.37 (0.83-
1.9)

3.14 (1.83-
4.46)

1.45 (0.55-
2.35)

2.3 (1.5-3.1)

Medium-high 
deprivation

1.67 (0.68-
2.65)

2.22 (0.91-
3.53)

1.9 (1.11-
2.7)

1.48 (1.07-
1.89)

1.07 (0.7-
1.43)

1.28 (1-1.56)
1.84 (1.38-

2.31)
1.45 (1.01-

1.88)
1.65 (1.34-

1.97)
Medium 
deprivation

0.89 (0.27-
1.5)

1.38 (0.48-
2.29)

1.1 (0.58-
1.62)

1.14 (0.75-
1.54)

1.16 (0.72-
1.59)

1.15 (0.86-
1.44)

0.98 (0.68-
1.28)

0.98 (0.65-
1.32)

0.98 (0.76-
1.21)

Medium-low 
deprivation

0.3 (0-
0.89)

0.44 (0-
1.29)

0.36 (0-0.85)
1.41 (0.61-

2.21)
1.43 (0.54-

2.32)
1.42 (0.83-

2.01)
0.88 (0.4-

1.36)
0.93 (0.38-

1.47)
0.9 (0.54-

1.26)
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Tab. S1. SMRs[2009-2013] for all-cause and some cause-specific mortality in the Foggia municipality, Italy, by sex, age and deprivation group.

Malignant colorectal neoplasms

Males 
aged 
0-64 

Females 
aged 
0-64 

Total 
population 
aged 0-64

Males 
aged 
≥ 65

Females 
aged 
≥ 65

Total 
population 
aged ≥ 65

Total, 
males 

Total, 
females

Total 
population

Low 
deprivation

0 (0-0)
1.82 (0-

4.33)
0.73 (0-1.73) 0 (0-0) 0 (0-0) 0 (0-0) 0 (0-0)

0.37 (0-
0.88)

0.16 (0-
0.38)

Total
1.19 (0.73-

1.64)
1.57 (0.96-

2.19)
1.35 (0.98-

1.72)
1.33 (1.08-

1.58)
1.08 (0.84-

1.32)
1.21 (1.04-

1.39)
1.32 (1.1-

1.54)
1.13 (0.91-

1.35)
1.23 (1.07-

1.39)
Trend p<0.05 l. NS p<0.05 l. p<0.05 l. p<0.05 l. p<0.05 n.l. p<0.05 l. p<0.05 l. p<0.05 l.
 
 

Lung neoplasms

Males 
aged 
0-64 

Females 
aged 
0-64 

Total 
population 
aged 0-64

Males 
aged 
≥ 65

Females 
aged 
≥ 65

Total 
population 
aged ≥ 65

Total, 
males 

Total, 
Females

Total 
population

Deprivation 
group

SMR (95% 
CI)

SMR (95% 
CI)

SMR (95% 
CI)

SMR (95% 
CI)

SMR (95% 
CI)

SMR (95% 
CI)

SMR (95% 
CI)

SMR (95% 
CI)

SMR (95% 
CI)

High 
deprivation

1.13 (0.02-
2.23)

0.55 (0-
1.64)

0.93 (0.12-
1.75)

0.97 (0.52-
1.42)

1.5 (0.46-
2.53)

1.09 (0.67-
1.5)

1.2 (0.7-
1.7)

2.04 (0.71-
3.37)

1.36 (0.88-
1.84)

Medium-high 
deprivation

1.14 (0.64-
1.64)

1.47 (0.67-
2.28)

1.25 (0.83-
1.68)

1.03 (0.8-
1.27)

1.04 (0.56-
1.52)

1.03 (0.82-
1.25)

1.09 (0.87-
1.31)

1.47 (0.93-
2.02)

1.16 (0.95-
1.37)

Medium 
deprivation

1 (0.6-1.4)
1.21 (0.58-

1.85)
1.07 (0.73-

1.41)
1.17 (0.9-

1.44)
0.92 (0.4-

1.44)
1.13 (0.88-

1.37)
0.88 (0.7-

1.06)
0.95 (0.54-

1.36)
0.89 (0.73-

1.05)
Medium-low 
deprivation

0.45 (0.01-
0.89)

0.74 (0-
1.57)

0.54 (0.14-
0.94)

0.77 (0.37-
1.17)

1.03 (0.02-
2.03)

0.81 (0.44-
1.19)

0.47 (0.25-
0.68)

0.79 (0.16-
1.42)

0.52 (0.31-
0.73)

Low 
deprivation

0.68 (0-
1.45)

0.51 (0-
1.51)

0.63 (0.01-
1.25)

0.52 (0.01-
1.04)

0 (0-0)
0.45 (0.01-

0.89)
0.37 (0.1-

0.65)
0 (0-0)

0.31 (0.08-
0.55)

Total
0.94 (0.69-

1.19)
1.13 (0.74-

1.53-)
1.01 (0.79-

1.22)
1.02 (0.87-

1.17)
1.03 (0.72-

1.34)
1.02 (0.89-

1.16)
0.87 (0.76-

0.98)
1.13 (0.85-

1.41)
0.92 (0.81-

1.02)
Trend p<0.05 n.l. p<0.05 n.l. p<0.05 n.l. p<0.05 n.l. p<0.05 l. p<0.05 l. p<0.05 l. p<0.05 l. p<0.05 l.
 
 

Malignant neoplasms of breast

Females 
aged 0-64 

Females 
aged ≥ 65

Total, 
females

Deprivation 
group

SMR (95% 
CI)

   
SMR (95% 

CI)
   

SMR (95% 
CI)

 

High 
deprivation

 
1.39 (0.03-

2.75)
   

1.08 (0.44-
1.72)

   
1.47 (0.72-

2.21)
 

Medium-
high 
deprivation

 
1.99 (1.25-

2.72)
   

0.85 (0.54-
1.17)

   
1.27 (0.94-

1.6)
 

Medium 
deprivation

 
1.36 (0.82-

1.89)
   

1.01 (0.62-
1.41)

   
0.98 (0.71-

1.25)
 

Medium-low 
deprivation

 
1.07 (0.28-

1.87)
   

1.62 (0.7-
2.54)

   
1.08 (0.59-

1.56)
 

Low 
deprivation

  0 (0-0)     0.4 (0-1.18)    
0.12 (0-

0.37)
 

Total  
1.42 (1.07-

1.77)
   

0.99 (0.77-
1.22)

   
1.07 (0.9-

1.25)
 

Trend   p<0.05 l.     p<0.05 n.l.     p<0.05 l.  
 
 

Malignant neoplasms of prostate

Males 
aged 0-64 

Males 
aged ≥ 65

Total, 
males 

Deprivation 
group

SMR (95% 
CI)

   
SMR (95% 

CI)
   

SMR (95% 
CI)

   

High 
deprivation

0 (0-0)    
1.01 (0-41-

1.61)
   

1.54 (0.63-
2.45)
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Tab. S1. SMRs[2009-2013] for all-cause and some cause-specific mortality in the Foggia municipality, Italy, by sex, age and deprivation group.

 
 

Malignant neoplasms of prostate

Males 
aged 0-64 

Males 
aged ≥ 65

Total, 
males 

Medium-high 
deprivation

0.71 (0.2-
11)

   
1.11 (0.79-

1.43)
   

1.42 (1.01-
1.82)

   

Medium 
deprivation

1.04 (0-
2.49)

   
0.89 (0.57-

1.20)
   

0.79 (0.52-
1.06)

   

Medium-low 
deprivation

1.41 (0-
4.18)

   
1.41 (0.70-

2.12)
   

1.07 (0.54-
1.59)

   

Low 
deprivation

0 (0-0)    
0.22 (0-

0.66)
    0.14 (0-0.4)    

Total
0.86 

(0.02-1.7)
   

1.02 (0.82-
1.21)

   
1.04 (0.84-

1.23)
   

Trend NS     p<0.05 l.     p<0.05 l.    
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Introduction. The elderly are among the main targets of influenza 
vaccination campaigns. Previous studies have shown that socio-
economic status influences compliance with influenza vaccina-
tion, particularly in the elderly. Deprivation indexes can therefore 
be useful in identifying population groups with lower vaccination 
uptake and guide targeted intervention to improve vaccination 
coverage. We analysed the correlation between influenza vacci-
nation coverage and levels of socio-economic and health depri-
vation among the population of Cagliari, by means of an Index 
of Socio-Economic and Health Deprivation (SEHDI) specifically 
tailored to the city, in order to identify population subgroups 
needing specific intervention to improve vaccination coverage.
Methods. A combination of linear regression, factor analysis and 
cluster analysis was adopted in order to build the SEHDI at the 
Census Tract (CT) level; data were taken from the 2011 Italian 
Census. Mortality among subjects aged ≥ 65 years in Cagliari in 
the period 2013-2015 was used to select the SEHDI variables. On 
the basis of the SEHDI, his population was classified into five nor-
malised deprivation groups. Information on vaccination coverage 
was provided by general practitioners and Local Health Units. 
Cause-specific mortality and information on vaccination cover-

age in the deprivation groups were analysed by means of ANOVA 
(F test at p < 0.05).
Results. Around 20% of the Cagliari population was seen to be 
living in disadvantaged conditions. The trends in Standard Mor-
tality Rates (SMRs) for all causes and for respiratory diseases, 
chronic obstructive pulmonary diseases (COPD), influenza and 
pneumonia were analysed across the deprivation groups. Pneu-
monia and flu mortality rates displayed a non-linear trend in men 
and a positive linear trend in women. Flu vaccination uptake rates 
were low: 27%. Coverage proved to be lower in the two extreme 
categories and higher in the medium deprivation ones. 
Conclusions. The correlation between low vaccination coverage 
and socio-economic deprivation not only underlines the impor-
tant role of vaccination in safeguarding health, but also the fact 
that it can be considered a factor in ensuring the system’s equal-
ity, thanks to its role in limiting health impacts on those living 
in the most problematic or disadvantaged circumstances. It also 
stresses the characteristics which contribute to low compliance. 
Therefore, this finding should be taken into account in the organi-
zation of vaccination campaigns and should prompt differentiated 
interventions in each local area.
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Introduction

Cagliari is the capital of the autonomous region of Sar-
dinia, a large island of south-western Italy. Situated on 
the south tip of the island, the city looks out over the 
Gulf of Cagliari. The Metropolitan Area of Cagliari com-
prises the municipality of Cagliari and 16 neighbouring 
municipalities; some share borders and close urban con-
nections with the capital, while others are located in the 
hinterland. According to statistics from 2016, the mu-
nicipality of Cagliari has a population of 154,639 (small-
er than those of other Italian region capitals), while the 
Metropolitan Area comprises 430,000 residents, around 
a quarter of the total population of Sardinia in just 5.2% 
of the island’s surface area [1].
In the social context of the city, municipal borders are 
no longer significant. The municipalities are closely in-
terconnected and the city’s population moves frequently 
among them, sharing services, social spaces and working 
environments [2]. In this context, the city of Cagliari dis-

plays some unusual characteristics. For example, while 
the population of the Metropolitan Area is younger and 
more active than the Sardinian average, the population 
of the capital includes a very high percentage of elderly 
people: 26.5% are over 65 years of age, and the ageing 
index is 258.2 [1]. Indeed, the younger members of the 
population, even those who work in the capital, find it 
more economical to live in the surrounding municipali-
ties. 
In this specific context, the study of socio-economic sta-
tus (SES), which is a composite concept that includes 
material and social deprivation  [3-5], has both advan-
tages and limits. On the one hand, it may be able to iden-
tify the needs of the elderly; on the other, however, it 
may partially overlook the needs of younger people who 
reside outside the municipality but make use of the city’s 
public and social services for health purposes. 
The target population of the study consisted of subjects 
aged ≥ 65 years; therefore, the effect of this demograph-
ic characteristic on the relationship between SES and 
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health needs and influenza vaccination coverage does 
not affect the reliability of the results. For an analysis of 
the health condition of the younger population, the study 
would have to be extended to the wider metropolitan 
area, but this is beyond the purpose of the study.
Every year, about 8% of the Italian population catch 
influenza  [6]. Although the elderly are less frequently 
affected, they develop more complications after the dis-
ease and 90% of deaths due to influenza and complica-
tions occur in this age group [7]. As the mortality risk is 
higher in unvaccinated elderly subjects than in the vacci-
nated elderly [7], vaccination is strongly recommended. 
The role of SES is crucial in determining adherence to 
immunization against influenza, particularly in the el-
derly [8]. The use of synthetic deprivation indexes is an 
effective strategy for measuring health disparities at the 
population level, and also for identifying non-vaccinat-
ing groups, not least because this method takes into ac-
count the aspect of social support, which is particularly 
relevant in elderly people [9]. 
The aim of this study was to identify population groups 
aged  ≥  65  years with lower vaccination coverage in 
Cagliari by means of a specific socio-economic and 
health deprivation index (SEHDI) based not only on 
the SE characteristics of the population but also on its 
specific health needs, with a view to orienting targeted 
interventions aimed at increasing compliance with influ-
enza vaccination.

Materials and methods

As per the time-scale of the project, the first step was 
to develop the SEHDI in accordance with a previously 
tested method  [10]. The SEHDI enabled us to classify 
the population into five deprivation categories (high dep-
rivation, medium-high deprivation, medium deprivation, 
medium-low deprivation and low deprivation), and to 
normalize the population distribution by group [11].
Gathering mortality data on the whole population and 
information on flu vaccination coverage among the over-
65’s required close collaboration with the Public Health 
and Hygiene Service (SISP) of the Cagliari Socio-Health 
Prevention Department (ASSL Cagliari) of the Sardin-
ian Health Protection Agency (ATS).
Mortality data, which were essential to calculating the 
SEHDI, were drawn from the RENCAM database at 
the individual level, and regarded the period 2013-2015. 
The working staff devoted particular attention to the ad-
dresses of residence, in order to verify their correspond-
ence to the 2011 Census Tracts. Indeed, the geo-coded 

mortality data allowed us to select from the 2011 Italian 
Census the demographic and socio-economic variables 
used to built the SEHDI, in accordance with the method 
of Lillini et al. [10]. Subsequently, all respiratory causes 
of death (ICD10: J00-J99) were extracted; the following 
specific causes – COPD (ICD10: J40-J47) and Influenza 
and Pneumonia (ICD10: J10-J18) – were then analysed 
according to SEHDI groups of population, along with all 
respiratory diseases and overall mortality. 
Mortality was analysed in terms of Standard Mortality 
Rates (SMR), computed by gender and age group (0-64, 
65+ years), and regional mortality rates were used as the 
reference figures.
Influenza vaccination data were retrieved from two in-
formation sources: the vaccinations database at the two 
clinics at SISP’s central site in Cagliari, and reports from 
general practitioners’ vaccination certification records. 
In the year considered, the two databases were hand-
written and archived in paper form at the SISP site.
Differences in SMRs and vaccination coverage across 
the SEHDI groups were analysed by means of ANOVA 
with F-test and linearity tests (statistical significance at 
p < 0.05), considering age groups (0-64, 65+) and gen-
der [12]. The Pearson correlation test (statistical signifi-
cance at p < 0.05) was used to evaluate the association 
between vaccination coverage and the single demo-
graphic and socio-economic variables, in order to better 
describe the population characteristics, and to determine 
where and how to focus specific intervention to improve 
vaccination compliance [12]. 
The analyses were performed by means of SPSS 19.0 
and Stata 13.0 statistical software.

Results

In Cagliari, the SEHDI was based on three factors, and 
developed a total explained variance of 56.4% (Tab. I).
The three factors mainly concerned demographic aspects 
of the population, particularly the family structure, hous-
ing conditions and occupational status, mainly among 
males.
Validation according to the main synthetic ISTAT socio-
economic and demographic indices confirmed the age-
ing of the population, with a linear increase in the old-
age index, structural dependency index and replacement 
index as deprivation grew. By contrast, as expected, the 
activity rate decreased linearly as deprivation increased 
(Tab. II).
No statistically significant difference was seen in the 
employment and unemployment rates across the SEHDI 

Tab. I. Composition of SEHDI by 2011 Census variables. SEHDI factors and explained variance.

Factor 1 = 24.5% Factor 2 = 16.7% Factor 3 = 15.1%
Average no. of people per family
Average no. of people per occupied dwelling 
% 3-member families

% housing with drinking water
% housing with kitchen
% married
% students

% belonging to labour force
% men 

Total variance explained by Cagliari SEHDI = 56.4%
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groups, owing to the high presence of aged people, out-
side the labour market, as discussed above.
The SEHDI distribution revealed that at least 22% of the 
population lived in disadvantaged conditions, most of 
whom (53%) fell into the medium deprivation category; 
25% displayed a socio-economic advantage. It is inter-
esting that the extreme groups are really the tails of the 

population (2.9% of population in the high deprivation 
group, 1.6% in the low deprivation group). 
Grouping the population of Cagliari according to the SE-
HDI allowed us to create a socio-economic map of the 
municipality, which can be compared with the Aerial pho-
to of the area (Fig. 1).

Tab. II. SEHDI general validation.

Deprivation groups Replacement 
index

Old-age 
index 

Index of 
structural 

dependence

Activity 
rate

Employment
rate 

Unemployment
rate

High deprivation 271.98 566.28 106.07 43.26 60.79 11.59
Medium-high deprivation 265.22 372.47 61.41 49.30 59.23 12.53
Medium deprivation 219.61 301.22 54.49 52.59 60.55 11.32
Medium-low deprivation 206.15 242.88 50.81 54.19 59.25 12.40
Low deprivation 127.10 100.38 40.40 60.40 63.03 10.02
Total 223.78 311.50 58.08 51.99 60.13 11.77
Trend p<0.05 L� p<0.05 L� p<0.05 L� p<0.05 L� NS NS

Trend: p<0.05 L� = linear positive; p<0.05 L� = linear negative; p<0.05 NL = not linear; NS = not significant.

Fig. 1. Aerial photo and map of Cagliari showing the spatial distribution of the SEHDI by census tract.
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Low and medium-low deprivation were present in most 
parts of the historical centre and in the residential east-
ern areas, but also in areas where they might be less 
expected, such as working-class neighbourhoods in the 
southern districts. High and medium-high deprivation 
areas were more frequently located near the harbour and 
on the borders of the municipality, though they also ap-
peared in middle-class neighbourhoods. It is noteworthy 
that the most deprived areas bordered on (and were part 
of) the industrial areas or were located close to the large 
ponds immediately around the city.
The overall mortality rates displayed a statistically 
significant linear increase as deprivation grew, with 
an almost double risk of death in the high deprivation 
group and only a third of risk in the low deprivation 
group.
Owing to the small dimensions of the city, deaths due 
to respiratory diseases were few However, an interest-
ing (and statistically significant) difference emerged be-
tween the two genders in the elderly. Indeed, in women, 
all respiratory diseases displayed a linear increasing 
trend as deprivation increased, and similar variations for 
COPD, and pneumonia and influenza. In elderly men, 
however, the relationships were non-linear; this was 
strongly dependent on the distribution of COPD, which 
was more frequent among men (Tab. III).
According to the rates reported in the study, vaccina-
tion coverage among the over-65’s in Cagliari stood 
at a very low level, 27%. The distribution of coverage 
across the five population categories was Gaussian. 
Vaccination coverage was lower at the two extremes 
of the index (Fig. 2). However, compliance was greater 
in the high deprivation group than in the low depriva-
tion group.
Vaccination coverage was lower in contexts with more 
women, married and divorced couples, university or 
high school graduates, members of the workforce and 
salaried workers, 2- or 3-member families and over-65s 
living alone, and where the average number of people 
per household and per family, structural dependence in-
dex and employment rate were higher.

Discussion and conclusions

The study was aimed at analysing the link between vac-
cination coverage and the social, economic and health 
status of the population. It focused on how the use of 
a specific local deprivation index, the SEHDI, can help 
to identify the relationship between socio-economic in-
equalities and aspects of healthcare prevention in Cagli-
ari. 
The SEHDI refers not only to material deprivation (in-
come factors or the ability to pay for goods or services, 
etc.), but also to social deprivation (for example, dif-
ficulty in accessing treatment or prevention if no one 
can provide help) and to the cultural/educational level 
(comprehension of healthcare information and correct 
use of services etc.) [3, 10]. Furthermore, the SEHDI 
yielded a detailed geographical description of the pop-

ulation’s health conditions; for this reason, it could be 
used to improve the classification and description of 
the population and to guide public healthcare choic-
es [13, 14]. 
Our results showed a close relationship between depri-
vation and overall mortality in the elderly. With regard 
to respiratory disease mortality and mortality due to flu 
and pneumonia, by contrast, the relationships were not 
linear when both genders were pooled. This was deter-
mined by the non-linear trends seen in men; in women, 
the trends were linearly positive, which testifies to their 
greater economic and social fragility.
Vaccination coverage among the over-65’s in Cagliari 
was 27%; this rate is far below the ideal minimum lev-
el (75%) and the national (52%) and regional (41%) 
averages. The non-linear relationship between vacci-
nation coverage and deprivation may be explained in 
two ways. First, coverage is lower in the groups at 
both ends of the deprivation scale; this suggests dif-
ferent responses to recommendations on prevention, 
probably as a result of different cultural levels. At the 
same time, the groups with the lowest coverage rates 
include more, among whom social fragility is more 
prevalent. Indeed, women more often live alone, and 
are therefore less likely to have adequate family sup-
port or easy access to healthcare or public social as-
sistance. 
Thus, vaccination is important not only in safeguard-
ing health,; it is also a factor in ensuring the system’s 
equality, owing to its role in limiting health impacts 
on those living in the most problematic or disadvan-
taged circumstances  [15,  16]. This study lays down 
a framework for discussion regarding prevention 
through tools that can be adapted to the contexts in 
which adherence to vaccination is unsatisfactory. It 
does this through a verified methodology and a view-
point that focuses, as far as possible, on the local per-
spective, and by adding further fuel to the debate on 
the need to tackle healthcare inequality efficiently and 
with specific weapons. 
Although the sociological dimension would favour a 
study encompassing the entire Metropolitan Area, the 
lack of information systems and municipal databases 
made a project on this scale impractical; for this reason, 
the present study is currently limited to the Municipality 
of Cagliari.
On 6th December 2018, a conference entitled “Fragility 
and the right to healthcare protection. Flu vaccination: 
criticality and opportunity in the face of healthcare in-
equalities” was held in Cagliari. On that occasion, the 
data that emerged from this study were presented and the 
relationship between socio-economic factors and access 
to prevention services in Cagliari was further examined, 
with a view to building on the present results through 
reflection and discussion with healthcare personnel. We 
hope this initiative will prompt a strong response from 
the health system in terms of improving strategies to 
promote vaccination.
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Tab. III. Overall mortality and mortality due to respiratory diseases, influenza and pneumonia, and COPD in the elderly in Cagliari city, by gender 
and deprivation (period 2013-2015). Number of deaths (OBS), Standard Mortality Ratios (SMR) and statistical significance (p).

Cause Deprivation groups Males + females Males Females
OBS SMR p OBS SMR p OBS SMR p

Overall 
mortality

High deprivation 209 1.27 * 71 1.27   138 1.27 *
Medium-high deprivation 1041 1.11 * 426 1.09   615 1.13 *
Medium deprivation 2299 0.99   1063 0.98   1236 1.00  
Medium-low deprivation 605 0.79 § 324 0.78 § 281 0.80 §
Low deprivation 15 0.41 § 8 0.35 § 7 0.51 §
Total 4169 0.99   1892 0.96   2277 1.01  
Trend p<0.05 L� p<0.05 L� p<0.05 L�

Respiratory 
system

High deprivation 17 1.48 4 0.87 13 1.90
Medium-high deprivation 59 0.88 22 0.68 § 37 1.08
Medium deprivation 169 1.01 99 1.11 70 0.90
Medium-low deprivation 34 0.60 § 18 0.52 § 16 0.73
Low deprivation 0 0.00 § 0 0.00 § 0 0.00 §
Total 279 0.92 143 0.88 136 0.96
Trend p<0.05 NL p<0.05 NL p<0.05 L�

influenza & 
pneumonia

High deprivation 5 2.04 1 1.23 4 2.44
Medium-high deprivation 24 1.72 * 6 1.05 18 2.19 *
Medium deprivation 50 1.46 * 22 1.40 28 1.51
Medium-low deprivation 8 0.71 3 0.49 5 0.95
Low deprivation 0 0.00 § 0 0.00 § 0 0.00 §
Total 87 1.39 * 32 1.12 55 1.62 *
Trend p<0.05 NL p<0.05 NL p<0.05 L�

COPD

High deprivation 4 0.69 1 0.38 3 0.93
Medium-high deprivation 23 0.67 § 12 0.65 11 0.68
Medium deprivation 81 0.93 53 1.05 28 0.77
Medium-low deprivation 23 0.77 15 0.77 8 0.77
Low deprivation 0 0.00 § 0 0.00 § 0 0.00 §
Total 131 0.83 § 81 0.88 50 0.75 §
Trend NS p<0.05 NL NS

Standard Mortality Rates were referred to those of the Sardinia Region. P = test F; p<0.05: * = significantly increased risk; § = significantly decreased risk. 
Trend: p<0.05 L� = linear positive; p<0.05 NL = not linear; NS = not significant.

Fig. 2. 2015-2016 vaccination coverage (%) among the elderly in Cagliari, by deprivation group.

High deprivation

11.79

38.27

45.97

31.86

8.15

0.00

5.00

10.00

15.00

20.00

25.00

30.00

35.00

40.00

45.00

50.00

Medium-high 
 deprivation

Medium deprivation Medium-low 
 deprivation

Low deprivation



A. LAI ET AL.

E70

Acknowledgements

The project was financed by the Ministry of Health - 
CCM.

Conflict of interest statement

None declared.

Authors’ contributions

AL and LM made substantial contributions to the con-
ception and design of the study, and/or to data acquisi-
tion (AL, LP), analysis and interpretation (AL, LP, LC, 
LM, RL, MV). AL, RL and MV participated in drafting 
the article or revising it critically for important intellec-
tual content. All authors give their final approval of the 
version to be submitted and any revised version.

References

[1] ISTAT. Dati regionali Sardegna. Roma: ISTAT 2018. www4.
istat.it/it/sardegna (last access on the 30th of January 2019).

[2] Tanda AM, Verso la città metropolitana di Cagliari: problemi 
e strategie di governance di area vasta in una regione a statuto 
speciale. XXXV Conferenza italiana di scienze regionali. Pa-
dova, Italian Section of the Regional Science Association In-
ternational, 11th-13th of September 2014. www.aisre.it/images/
old_papers/TANDA.pdf [Access on the 30th of January 2019].

[3] Gordon G. The concept of deprivation. Quality of life and 
human welfare. Royal Scottish Geographical Society Sympo-
sium 1984, pp. 15-21.

[4] Townsend P, Phillimore P, Beattie A. Health and deprivation: 
inequality and the North. London: Routledge 1988.

[5] Carstairs V, Morris R. Deprivation and health in Scotland. Aber-
deen: Aberdeen University Press 1991.

[6] Rapporto epidemiologico InfluNet N. 26 del 7 maggio 2018.

[7] Istituto Nazionale di statistica. Cause di morte, anno 2000. 
ISTAT Editor. Annuario 16, 2004. 

[8] de Andres AL, Carrasco P, Hernández-Barrera V, Vázquez-
Fernández S, Gil A, Jiménez-García R. Influenza vaccina-
tion among the elderly Spanish population: trend from 1993 
to 2003 and vaccination-related factors. Eur J Public Health 
2006;17:272-7.

[9] Manzoli L, Gabutti G, Siliquini R, Flacco ME, Villari P, Ric-
ciardi W. Association between vaccination coverage decline 
and influenza incidence rise among Italian elderly. Eur J Public 
Health 2018 1;28:740-2.

[10] Lillini R, Quaglia A, Vercelli M; Registro mortalità Regione 
Liguria. Building of a local deprivation index to measure the 
health status in the Liguria Region. [Article in Italian] Epide-
miol Prev 2012;36:180-7.

[11] Agnelli JP, Cadeiras M, Tabak EG, Turner CV, Vanden-Eijnden 
E. Clustering and classification through normalizing flows in 
feature space. Multiscale Model Simul 2010;8:1784-802.

[12] Tacq J. Multivariate analysis techniques in social science re-
search. London: Sage 1997.

[13] Marinacci C, Spadea T, Biggeri A, Demaria M, Caiazzo A, 
Costa G. The role of individual and contextual socioeconom-
ic circumstances on mortality: analysis of time variations in 
a city of north west Italy. J Epidemiol Community Health 
2004;58:199-207. 

[14] Mangtani P, Breeze E, Kovats S, Ng ESW, Roberts JA, Fletcher 
A. Inequalities in influenza vaccine uptake among people aged 
over 74 years in Britain. Prev Med (Baltim) 2005;41:545-53. 

[15] Nagata JM, Hernández-Ramos I, Kurup AS, Albrecht D, Vivas-
Torrealba C, Franco-Paredes C. Social determinants of health 
and seasonal influenza vaccination in adults ≥ 65 years: a sys-
tematic review of qualitative and quantitative data. BMC Public 
Health 2013;13:388.

[16] Peretti-Watel P, Raude J, Sagaon-Teyssier L, Constant A, Verger 
P, Beck F. Attitudes toward vaccination and the H1N1 vaccine: 
poor people’s unfounded fears or legitimate concerns of the 
elite? Soc Sci Med 2014;109:10-8.

n Received on November 15, 2018. Accepted on December 14, 2018.

n Correspondence: Alberto Lai, Department of Medical Science 
and Public Health, University of Cagliari, Italy - E-mail: alberto-
lai.83@gmail.com






