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Dear Editor,
We read with interest the recent paper on JAMA by Ceradini et al. [1], reporting the 

clinical ophthalmological findings in a patient who received, for the first time, a whole-
eye transplant. This patient underwent a detailed and state-of-the-art reconstruction of 
the hemiface and orbit with an excellent and important aesthetic postop result. The pro-
cedure was performed with great care also with respect to ethical issues [2] and, prospec-
tively, could be an important step towards a therapeutic resource to treat patients with 
no viable alternatives. However, the transplanted eye resulted completely blind through-
out the follow-up. Interestingly, the Authors evaluated both the structure and function 
of the retina and optic nerve in the transplanted eye, showing signs of atrophy at both 
retinal and optic nerve level; on the functional side, the Authors claimed some evidence 
of postop photoreceptor/bipolar cell function assessed by flicker electroretinograms. The 
Authors also claimed the presence of some electric signals of neural activity originating 
at the level of visual cortex, in response to flash stimulation (flash visual evoked poten-
tials, VEPs) of the blind, transplanted eye. The recorded flash VEPs waveforms report-
edly were blunted and delayed but within the range of International Society for Clinical 
Electrophysiology of Vision (ISCEV) standards for VEPs. This surprising finding raises 
several questions about the most effective VEP recording and analysis methodology to 
use, when recording VEP responses from severely visually impaired eyes. Transient VEP 
responses have the limitation of ambiguity of interpretation, or significance, when the 
amplitude response is reduced close to noise level, as in severely impaired eyes. Noise 
estimates should be considered in such contexts given their potential influence on the re-
corded signal. This can be done in different ways. The simplest way is to record the same 
VEPs with the stimulus completely occluded. Another useful way would be to digitally 
subtract odd from even (or vice versa) events in the averaging procedure. The difference 
may provide a signal reflecting the background noise-independent activity. Additional 
methods which proved to be efficient and well exploited in detecting very low-amplitude 
VEP signals are based on steady-state VEP recordings and application of sub microvolt 
methods based on the Fourier analysis and estimate of noise and signal-to-noise ratio [3, 
4]. These methodologies, which are more advanced and sophisticated compared to the 
ISCEV standard clinically recommended procedures, increase the precision and confi-
dence of measurements in blind or severely visually impaired eyes. The VEP signals re-
ported in the study by Ceradini et al. [1], suffer from ambiguity and uncertainty, limiting 
an adequate interpretation of a finding (presence of a visual signal to visual cortex from 
the transplanted eye, presence of real, noise-free retinal signal) of the utmost importance 
when evaluating the results of whole eye transplantation. Digital methods of signal-to-
noise ratio estimates may certainly improve the accuracy of functional results unlocking 
the doors to a better understanding of optic nerve graft to host integration.

Francesco Martelli1*, Benedetto Falsini2 and Andrea Cusumano2

1Dipartimento di Malattie Cardiovascolari, Endocrino-Metaboliche e Invecchiamento, 
Istituto Superiore di Sanità, Rome, Italy
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Abstract
Objective. To describe breastfeeding and associated factors in a large representative 
sample of children aged 0-2 years in Italy.
Materials and methods. Data from the 2022 Italian surveillance of children aged 0-2 
years, comprised of 35,550 mothers, were analysed to estimate rates of EBF (exclusive 
breastfeeding), any breastfeeding (BF) and never breastfed (NBF). Logistic regression 
was used to investigate the association of EBF, BF and NBF with potential predictors. 
Results. EBF among children aged 2-3 months varied from 36.4% in the South Italy to 
54.0% in the North, decreasing respectively to 19.6% and 35.8% at 4-5 months. At 12-15 
months BF ranged between 29.2% (South) and about 40% (Centre and North). Women 
with Italian citizenship, having a lower educational level, those who never attended ante-
natal classes (AC), and those residing in the South were significantly less likely to exclu-
sively breastfeed or to breastfeed after the first year of life of the child. 
Conclusions. The data underscore the gap between recommendations and actual breast-
feeding practices, offering the first national perspective that highlights territorial dispari-
ties. The findings emphasize the need for targeted interventions, particularly in light of 
identified regional and socio-economic differences. 

INTRODUCTION
Breastfeeding (BF) is the normal way to feed the 

newborn and offers positive implications for both the 
baby’s and the mother’s health [1-3]. It is the biological 
norm, the most sustainable practice [4], and is a right 
of both mother and child [5]. 

Based on consolidated evidence, the World Health 
Organization (WHO) and the United Nations In-
ternational Children’s Emergency Fund (UNICEF) 
recommend exclusive breastfeeding (EBF) for the 
first 6 months of life and, after introducing nutrition-

ally adequate and safe complementary food, continu-
ing BF up to 2 years of life or beyond. In 2003, the 
World Health Assembly and the UNICEF Executive 
Board unanimously endorsed the “global strategy for 
infant and young child feeding” [6]. Subsequently, the 
“global strategy for women’s, children’s and adolescents’ 
health” was confirmed, urging member states to adopt 
and implement national policies and comprehensive, 
large-scale programs to protect, promote, and support 
adequate infant and young child feeding, as well as ma-
ternal nutrition practices [7]. 

Address for correspondence: Francesca Zambri, Centro Nazionale per la Prevenzione delle Malattie e la Promozione della Salute, Istituto Superiore 
di Sanità, Viale Regina Elena 299, 00161 Rome, Italy. Email: francesca.zambri@iss.it.
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Enhancing breastfeeding is a key factor for the 
achievement of the United Nations’ Sustainable De-
velopment Goals [8] and constitutes a fundamental 
component of the nurturing care framework [9]. In 
2012, WHO identified six global nutrition targets to be 
achieved by 2025. One of these objectives is to increase 
the rate of EBF during the first 6 months to a minimum 
of 50% [10]. In 2021, a more ambitious target of at 
least 70% was proposed by WHO and UNICEF [11]. 
These goals represent a priority for the national health 
systems, recognizing that BF is one of the most impact-
ful interventions, “providing short-term and long-term 
health and economic and environmental advantages to 
children, women, and society” [12].

Despite being a public health and early childhood de-
velopment (ECD) priority, in 2022, only 46% of infants 
started breastfeeding within the first hour after birth 
globally, and 48% of all babies under 6 months of age 
were exclusively breastfed. At 2 years, 59% of children 
were still breastfed [13]. 

The WHO European Region has the lowest preva-
lence of EBF. In 2006-2012, it was estimated that only 
25% of infants were exclusively breastfed for 6 months 
[14]. This low prevalence is confirmed in other high-
income countries [15]. 

International organizations and communities have 
undertaken various initiatives to protect, promote and 
support BF [16]. However, the lack of updated and 
standardized data, both between and within countries, 
does not permit appropriate monitoring and compari-
son of BF practices, nor does it allow for the evalua-
tion of the effectiveness of interventions [17]. Standard 
indicators to monitor breastfeeding have existed since 
the 1990s, and the WHO has provided guidance for 
monitoring BF practices since 2008. In 2021, WHO/
UNICEF published an updated guidance providing a 
set of revised indicators for assessing infant and young 
child feeding practices, with their definitions and mea-
surement methods [18]. Despite this, full adherence 
to these standards has not yet been achieved [19]. The 
need to improve the standard methodology for moni-
toring and collecting BF data has been recognized as 
a critical issue [15]. More recently, considering the 
high number of countries (mostly high-income coun-
tries) which have no data on EBF collected according 
to international standards, WHO/UNICEF, in collabo-
ration with the global breastfeeding collective, have 
set a target for 75% of countries to report on EBF at 
least every five years by 2030 [20]. They also call on 
civil society to take seven actions, one of which is to 
“strengthen monitoring systems that track the progress 
of policies, programs, and funding towards achieving 
both national and global breastfeeding targets” [21]. 
The World Breastfeeding Trend Initiative (WBTi) pro-
cess advocates repeat assessment every 3-5 years [22]. 

In Italy, the protection, promotion, and support of 
BF is a goal that has been part of the national poli-
cies for over 25 years [23, 24]. The Italian National 
Institute of Statistics collected data in 2000 and 2013 
through telephone interviews with women who had 
given birth during the previous 5 years. The percent-
age of women who had breastfed, regardless of dura-

tion, increased from 81.1% to 85.5% and the average 
duration of any breastfeeding increased from 6.2 to 8.3 
months [25]. From two follow-up studies conducted 
during 2008-2011 [26] in selected populations, BF and 
EBF rates were estimated respectively at discharge, at 
3 and 6 months (BF rates: 91.6%, 71.6%, 57.7%; EBF 
rates: 57.2%, 48.6%, 5.5%). Since then, the available 
estimates of BF seem to be far from WHO/UNICEF 
goals and show important differences in geographical 
and social determinants, which need to be addressed to 
reduce social and health inequalities [27].

In recent years, a national “surveillance system for the 
main determinants of health in children aged 0-2 years” 
(surveillance of children aged 0-2 years), promoted by 
the Ministry of Health and coordinated by the Italian 
National Institute of Health, (Istituto Superiore di San-
ità, ISS) has been implemented. 

The surveillance enabled collection of information 
on breastfeeding according to WHO/UNICEF criteria 
through sample surveys conducted in the vaccination 
centers (VCs) in Italian regions. 

The previous pilot study, conducted in 13 local health 
districts (Distretti Sanitari) across six Italian regions 
between February and November 2015, revealed EBF 
prevalence rates of 44.4% among infants aged 2-3 
months and 25.8% among those aged 4-5 months. In 
2015, BF prevalence in the 11-12 months and 13-15 
months age groups was 34.2% and 24.9% respectively, 
while 10.4% of children were never breastfed. Relevant 
geographical and socio-economic differences were 
found [28]. The first round of surveillance conducted in 
2018-19 across 11 regions showed that the percentage 
of EBF among children aged 4-5 months was 23.7%, 
and at 12-15 months BF was 31.3%. The proportion of 
children who had never been breastfed was 11.7% [29].

The aim of this paper was to measure the prevalence 
of EBF, BF and never breastfed (NBF) according to 
WHO/UNICEF criteria using data from the 2022 sur-
veillance of children aged 0-2 years. The paper also aims 
to assess factors associated with EBF, BF and NBF. 

MATERIALS AND METHODS
The population-based surveillance of children aged 

0-2 years was based on cross-sectional sample surveys 
repeated at regular intervals among mother-child pairs 
recruited during compulsory vaccination appointments 
in the Italian regions. The target population was moth-
ers of children up to 2 years of age taken to VCs to 
receive immunizations. Mothers were enrolled in all the 
VCs of the regions when one of the following vaccine 
doses was administered to their children: first, second, 
third dose of mandatory vaccine against Diphtheria, 
Tetanus and Pertussis (DTP) or hexavalent vaccine 
(against Diphtheria, Tetanus, Pertussis, Poliomyelitis, 
Haemophilus influenzae type B, and Hepatitis B), and 
first dose of the vaccine against Measles, Mumps, Ru-
bella, Varicella (MMRV). Four independent samples 
were selected within each region in correspondence of 
the four doses administered at approximately ages 2-3 
months, 4-5 months, 11-12 months, and 13-15 months 
according to the Italian vaccination schedule. Data 
were collected through an anonymous questionnaire 
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compiled by mothers with the assistance of trained 
health professionals involved in the administration of 
the vaccines. The questionnaire collected information 
on several important determinants of children’s health, 

including breastfeeding. Demographic and socio-
economic characteristics of participants were also col-
lected. A more detailed description of the surveillance 
methodology is reported in Appendix 1.

APPendiX 1

SURVEILLANCE OF CHILDREN AGED 0-2 YEARS
BACKGROUND

The “surveillance system for the main determinants 
of health in children aged 0-2 years” – surveillance of 
children aged 0-2 years – is promoted by the Minis-
try of Health and coordinated by the Italian National 
Institute of Health (Istituto Superiore di Sanità, ISS, 
Rome, Italy) in collaboration with the Italian regions. 
The population-based surveillance was included 
among those of national and regional relevance identi-
fied by the Prime Minister’s Decree of 2017 on “regis-
ters and surveillance” [1]. The implementation of the 
surveillance was preceded by a pilot study, promoted 
and financed by the National Centre for Disease Pre-
vention and Control  –  Centro Nazionale per la Pre-
venzione e il Controllo delle Malattie (CCM) – of the 
Italian Ministry of Health, conducted in 13 selected 
local health districts of 6 Italian regions in 2014 [2] 
to test a surveillance system of the main determinants 
of health in children aged 0-2 years included in the 
National Programme “GenitoriPiù” [3].

The first round, carried out in 2018-19, involved 11 
regions mainly from the South Italy [4]. The second 
round was conducted in 2022 and involved all of Italy’s 
21 regions with the exception for the Region of Molise 
and the autonomous province of Bolzano (the Molise 
Region had difficulty starting the data collection while 
the autonomous province of Bolzano was unable to 
complete it). The Region of Tuscany participated by 
sharing results of its ongoing maternity care survey. 

METHOD
Sample

The surveillance is based on cross-sectional sample 
surveys repeated at regular intervals among mother-
child pairs recruited during compulsory vaccination 
appointments in the Italian regions. The target popu-
lation is mothers of children up to 2 years of age taken 
to vaccination centers (VCs) to receive immuniza-
tions. Mothers are enrolled at all the VCs of the re-
gions when one of the following vaccine doses is ad-
ministered to their children:  first, second, third dose 
of mandatory vaccine against Diphtheria, Tetanus and 
Pertussis (DTP) or hexavalent vaccine (against Diph-
theria, Tetanus, Pertussis, Poliomyelitis, Haemophilus 
influenzae type B, and Hepatitis B), and first dose of 
the vaccine against Measles, Mumps, Rubella, Varicel-
la (MMRV). Four independent samples are selected 
within each region in correspondence of the four doses 
that are administered, according to the Italian vaccina-
tion schedule, at approximately ages 2-3 months, 4-5 

months, 11-12 months and 13-15 months. A pseudo-
random procedure is used to select children: start-
ing at the beginning of the survey period, all eligible 
children are selected until the desired sample size is 
reached. Only children accompanied by their moth-
ers are included in the survey. In the case of twins, 
mothers are requested to provide information only for 
the first child vaccinated. No other exclusion criteria 
are applied. The sample sizes are calculated based on 
an assumed maximum variability of the phenomenon 
being investigated, with a population proportion set at 
50%, a margin of error of either 5% or 3% (depending 
on the choice of the region) and a confidence level of 
95%. Finite population correction is applied because 
the sample size is relatively large compared to the 
population size, which is represented by the number 
of births in the year preceding the survey. The samples 
are representative of either the region or – with an ex-
panded sample size – of local health units (depending 
on the choice of the region).

Data collection
Data are collected through an anonymous question-

naire compiled by the mothers with the assistance of 
trained health professionals involved in administer-
ing vaccines. The surveillance collects information on 
the following health determinants of children starting 
before conception through the first years of life: folic 
acid intake before and during pregnancy, tobacco and 
alcohol consumption during pregnancy and lactation, 
breastfeeding practices, infant sleep positions, family 
reading habits, exposure of children to screens (tab-
let, mobile phone, TV, computer), home and car safety 
measures, and mother’s attitudes towards vaccination. 
Demographic and socio-economic characteristics of 
the participants are also collected. The questionnaire 
undergoes review at each data collection phase, allow-
ing for the inclusion of new survey areas.

The questionnaire, available in multiple languages, 
can be completed either as a paper survey or online 
using personal devices such as mobile phones or tab-
lets, or on devices provided by the VC during the wait-
ing periods before or after vaccination sessions. Each 
mother is interviewed only once; therefore, those who 
have already participated in a previous vaccination 
appointment for the same child or another child are 
excluded. After the interview, all participating or non-
participating mothers receive an information leaflet 
detailing the health determinants in children 0-2 years 
and their families. Responses to the questionnaires are 
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The present study used data from the second round 
of the surveillance, conducted between June and Octo-
ber 2022, involving 35,550 mothers enrolled in all of the 
21 Italian regions, except for the Region of Molise and 
the autonomous province of Bolzano, who did not par-
ticipate in the surveillance (the Molise Region had diffi-
culty starting the data collection while the autonomous 
province of Bolzano was unable to complete it), and 
Region of Tuscany, who shared results of its ongoing 
maternity care survey. This ensured an adequate rep-
resentation of the three areas of the country – North, 
Centre, and South – notoriously characterized by dif-
ferent maternal care outcomes. The response rate was 
95.7%, ranging between 89.2% and 98.6% at the region-
al level. From the overall sample, specific age groups 
were selected for the analysis of breastfeeding irrespec-
tive of the administered vaccine dose (Table S1, avail-
able online as Supplementary Material). 

Outcome
EBF, BF and NBF were included in the analysis as 

outcome variables. According to WHO/UNICEF cri-
teria, information on breastfeeding was collected for 
the previous 24 hours [18]. Children under six months 
who had only consumed breastmilk were classified as 
exclusively breastfed (EBF), children who had received 
breastmilk with other food or liquids, including formula, 
were classified as breastfed (BF). Participants who had 
not breastfed in the previous day were asked if they had 
ever breastfed to identify cases that had never received 
breastmilk (NBF). EBF under six months was analysed 
in the 2-3 month and 4-5 month age groups. BF was ana-
lysed in the same age groups and, to evaluate continued 
breastfeeding after the first year of life, among children 
aged 12-15 months. Age groups were considered as in-

tervals of months completed and corresponded to or ap-
proximated those suggested by WHO/UNICEF.

Covariates
The following socio-economic characteristics were 

included as potential risk factors in accordance with 
previous studies [21]: mother’s age (<30, 30-34, ≥35 
years), citizenship (Italian, not Italian), educational lev-
el (low, middle school or lower; medium, high school; 
high, bachelor’s degree or higher), perceived economic 
difficulties (no, some/many), parity (primiparous, mul-
tiparous), attendance at an antenatal class (AC) (yes, 
never), and geographical area of residence (North, 
Central, and South Italy).

Statistical analysis
Frequency distributions, prevalence rates and odds 

ratios (ORs) with 95% confidence intervals (CIs) were 
used to describe data. Percentages were calculated 
based on cases with available information, excluding 
missing values. 

Frequency distributions by socio-economic char-
acteristics of mothers participating in the study were 
computed by geographical area of residence. The preva-
lence rates of EBF and BF stratified by geographical 
area were calculated at different children’s ages while 
NBF was considered across all age groups 2-15 months.

To show the effect on the estimates of different age 
distributions of children in the three areas, directed age 
standardization was applied to EBF and BF prevalence 
rates based on 10 days’ age groups, by using the overall 
population sampled as a standard. The children’s age 
in the questionnaire was reported in completed months 
plus days. However, due to a high percentage of missing 
values regarding the number of days, standardization 

acquired through a dedicated platform. The construc-
tion of the database, the cleaning of the records, and 
the subsequent data analysis are carried out centrally 
by the coordination group.

ETHICS AND PRIVACY
Before data collection, mothers receive an infor-

mation note with a description of the purpose of the 
survey. They can decline participation, with operators 
recording refusal on a designated sheet. After provid-
ing verbal consent to participate in the study, mothers 

receive information about privacy regulations including 
the processing of their personal data before completing 
either the digital or paper questionnaire. In accordance 
with principles of anonymity and privacy, respondents’ 
identity is never disclosed. The surveillance system study 
protocol and questionnaire were formally approved by 
the National Ethics Committee for clinical trials of 
public research bodies of the Italian National Institute 
of Health (Istituto Superiore di Sanità, ISS) ( Prot. n. 
PRE-4255 - 20/10/2014; Prot. n. PRE-BIO-CE 10939 - 
06/04/2018; Prot. n. 0015067 PRE BIO – 19/04/2022).
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could only be conducted for cases where complete age 
information was available. 

Adjusted ORs were estimated through multiple logis-
tic regression models to explore factors associated with 
the occurrence of EBF at 4-5 months of age, BF at 12-15 
months and NBF. Statistical analyses were performed 
using STATA/SE version 18.0 statistical software.

RESULTS
The socio-economic characteristics of women par-

ticipating in the study are reported in Table 1. Overall, 
43.5% of them were aged ≥35 years with no relevant 
differences across the different geographical areas. Sim-
ilar to the general population in Italy, the percentage 
of women with foreign citizenship, as well as that of 
more-educated women, were higher in the North and 
the Centre compared to the South. Conversely, women 
reporting economic difficulties and those who never at-
tended an AC were more prevalent in the South. 

The percentage of EBF among children aged 2-3 
months varied from 36.4% in the Southern regions to 

54.0% in the North (Table 2). The percentages decreased 
at 4-5 months: ranging between 19.6% (South) and 
35.8% (North). When considering any BF, the percent-
age ranged between 63.9% (South) and 77.6% (North) 
in the 2-3 month age group, and between 52.3% (South) 
and 67.6% (North) in the 4-5 month age group. Age 
standardization applied to prevalence calculated among 
cases where age information was available in completed 
months plus days had negligible effects as shown by 
comparing standardized estimates of EBF and BF with 
unstandardized estimates calculated for the same cases 
(Table S2, available online as Supplementary Material).

Regarding BF over one year of age, about 3 out of 
10 children aged 12-15 months in the Southern regions 
were reported as still receiving breastmilk, whereas in 
the Centre and the North the figure was about 4 out of 
10 (Table 2). The percentage of NBF, estimated among 
children aged 2-15 months, ranged from 10.3% in the 
Centre to 14.4% in the South. Even for these indicators, 
standardization had minimal impact on the estimates 
(Table S2, available online as Supplementary Material).

Table 1
Women’s characteristics grouped by geographical area of residence

Variables Geographical area of residence

North 
(N=16,318)

Centre 
(N=5,820)

South 
(N=13,412)

Total 
(N=35,550)

Age

≤29 years 20.9 19.4 23.3 21.5

30-34 years 36.4 33.8 33.8 35.0

≥35 years 42.8 46.8 42.9 43.5

Missing 5.9 4.8 5.3 5.5

Citizenship

Italian 82.7 84.6 95.3 87.8

Not Italian 17.3 15.4 4.7 12.2

Missing 5.7 4.3 4.7 5.1

Educational level*

Low 13.9 11.6 17.1 14.8

Medium 43.0 42.0 49.7 45.4

High 43.1 46.4 33.2 39.9

Missing 5.9 4.4 3.9 4.9

Economic difficulties

None 70.1 64.4 60.4 65.5

Some/many 29.9 35.6 39.6 34.5

Missing 5.5 4.3 3.7 4.6

Parity

Primiparous 53.9 56.4 53.6 54.2

Multiparous 46.1 43.6 46.4 45.8

Missing 7.1 6.7 9.2 7.8

Attendance of an AC

Never 28.2 33.5 54.1 38.8

Yes 71.8 66.5 45.9 61.2

Missing 4.6 3.6 4.0 4.2

AC: antenatal class; *low: middle school or lower; medium: high school; high: bachelor’s degree or higher.
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Table 3 shows prevalence rates stratified by socio-
economic characteristics and adjusted ORs for three 
indicators: EBF at 4-5 months, BF at 12-15 months 
and NBF. Women who were significantly less likely 
to exclusively breastfeed their children at 4-5 months 

included those aged ≥35 years (OR=0.73; 95% CI: 
0.61-0.86), with Italian citizenship (OR=0.72; 95% CI: 
0.59-0.87), having a lower educational level (medium: 
OR=0.60; 95% CI: 0.52-0.68; low: OR=0.42; 95% CI: 
0.34-0.52), reporting economic difficulties (OR=0.79; 

Table 2
Prevalence rates of exclusive breastfeeding (EBF), any breastfeeding (BF) and never breastfed (NBF) at different ages by geographi-
cal area of residence

Geographical 
area  
of residence

Children aged  
2-3 months

Children aged  
4-5 months

Children aged  
12-15 months

Children aged 
2-15 months

n

EBF BF

n

EBF BF

n

BF

n

NBF

% % % % % %

North 3,173 54.0 77.6 5,308 35.8 67.6 4,011 39.6 12,492 11.5

Centre 1,402 48.9 75.1 1,128 32.7 65.1 1,537 40.8 4,067 10.3

South 3,847 36.4 63.9 2,378 19.6 52.3 3,342 29.2 9,567 14.4

Total 8,422 46.7 72.2 8,814 30.0 62.2 8,890 36.2 26,126 12.3

Table 3
Prevalences and mutually adjusted odds ratios for the reported variables. Logistic regression models

Variables  

% EBF

Model 1 
Exclusive breastfeeding 

at 4-5 months 
(Yes vs No)

 

% BF

Model 2 
Any breastfeeding 

at 12-15 months  
(Yes vs No)

% NBF

Model 3 
Never breastfed 
at 2-15 months 

(Yes vs No)

N=8,074 N=8,090 N=23,900

OR 95% CI OR 95% CI OR 95% CI

Age  

≤29 years 27.8 1 32.3 0.84 0.71 0.99 11.7 1  

30-34 years 32.6 0.98 0.83 1.16 37.9 1.08 0.95 1.22 10.8 1.06 0.91 1.22

≥35 years 29.3 0.73 0.61 0.86 36.6 1 13.9 1.52 1.32 1.75

Citizenship  

Not Italian 32.9 1 56.9 1 7.6 1  

Italian 29.7 0.72 0.59 0.87 33.5 0.32 0.27 0.39 13.0 2.28 1.87 2.80

Educational level* 

Low 19.0 0.42 0.34 0.52 35.9 0.85 0.70 1.03 16.8 2.07 1.76 2.43

Medium 25.7 0.60 0.52 0.68 33.0 0.79 0.70 0.90 13.6 1.55 1.37 1.75

High 39.1 1 39.9 1 9.5 1  

Economic difficulties 

None 32.9 1 37.1 1 12.0 1  

Some/many 24.4 0.79 0.69 0.91 34.2 0.91 0.81 1.03 13.1 0.99 0.89 1.10

Parity  

Multiparous 32.9 1 36.9 1 12.6 1  

Primiparous 28.8 0.72 0.64 0.82 35.8 1.00 0.89 1.12 12.1 1.06 0.96 1.18

Attendance of an AC 

Yes 36.0 1 39.0 1 10.4 1  

Never 20.5 0.58 0.51 0.67 31.5 0.70 0.62 0.80 15.5 1.52 1.36 1.71

Geographical area of residence 

North 35.8 1 39.6 1 11.5 1  

Centre 32.7 0.93 0.78 1.12 40.8 1.10 0.95 1.29 10.3 0.82 0.70 0.96

South  19.6 0.57 0.49 0.65  29.2 0.78 0.68 0.88  14.4 0.99 0.89 1.12

AC: antenatal class; EBF: exclusive breastfeeding; BF: any breastfeeding; NBF: never breastfed; *low: middle school or lower; medium: high school; high: bachelor’s 
degree or higher. 
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95% CI: 0.69-0.91), primiparous women (OR=0.72; 
95% CI: 0.64-0.82), those who never attended an AC 
(OR=0.58; 95% CI: 0.51-0.67), and those residing in 
Southern Italy (OR=0.57; 95% CI: 0.49-0.65). 

Italians (OR=0.32; 95% CI: 0.27-0.39), women who 
never attended an AC (OR=0.70; 95% CI: 0.62-0.80) 
and those residing in the South (OR=0.78; 95% CI: 
0.68-0.88), along with younger women (OR=0.84; 
95% CI: 0.71-0.99), were also significantly less likely to 
breastfeed at 12-15 months. 

Women who were significantly more likely to have 
never breastfed their children were those aged ≥35 
years, with Italian citizenship, having a lower level of 
education, and those who never attended an AC.

DISCUSSION
This manuscript has introduced, for the first time, 

breastfeeding prevalence rates calculated on a repre-
sentative sample of mothers covering almost the entire 
country in Italy. The surveillance of children aged 0-2 
years also provided a comprehensive overview of factors 
associated with breastfeeding practices. 

Collecting data on breastfeeding prevalence through 
a national system shows multiple strengths. The surveil-
lance data were collected during vaccination appoint-
ments, which are scheduled according to the Italian 
National Vaccination Plan [30]. In 2021, vaccination 
coverage was 94% for the first dose and 92-94% [31] for 
the second, making vaccination appointments a stra-
tegic, consolidated, and efficient opportunity for col-
lecting data, especially since the proportion of mothers 
who either do not vaccinate their children or choose to 
vaccinate with their pediatrician instead a VC, remains 
low. Moreover, adherence to vaccinations is homoge-
neous, and less affected by regional variability or the 
north-south gradient that characterizes other health in-
dicators in pregnancy, childbirth, and early childhood. 
Utilizing vaccination appointments for data collection 
emphasizes the integration of health determinants, of 
which breastfeeding is a part, and highlights the effi-
ciency of leveraging existing healthcare infrastructures 
for surveillance as a means of sustainability. 

Despite recommendations from WHO and other in-
ternational agencies, exclusive breastfeeding rates in 
Italy remain below target levels, highlighting regional 
and socioeconomic disparities. The average prevalence 
of EBF at 2-3 months in the pool of regions participat-
ing in the surveillance is 46.7%, dropping to 30.0% at 
4-5 months. This rate appears to align Italy with the 
levels observed in other European countries, although 
direct comparisons are challenging due to variations 
in the timing and methods of data collection [13]. The 
observed prevalence and duration of exclusive breast-
feeding reflect a broader trend of increased adherence 
to early childhood best practices (such as reading out 
loud to infants and children, proper sleep positioning, 
car safety, and protection from alcohol and tobacco) in 
northern regions compared to southern regions [27]. 
There is also an issue of missed or denied opportuni-
ties for a significant number of mothers, children and 
fathers/partners, that go beyond mothers’ informed 
choices about breastfeeding.

The profile of mothers – and babies – who breast-
feed sub-optimally or do not breastfeed highlights some 
classic drivers of inequality, such as educational and 
economic levels and geographic location. Overall, non-
Italian mothers are more likely to breastfeed compared 
with native Italians. As reported by Marchetti et al., this 
might confirm that the “healthy migrant effect” also ap-
plies to breastfeeding practices in Italy and that, “in the 
absence of substantial policies for the protection, pro-
motion and support of breastfeeding, the “exhausted mi-
grant” effect is to be expected in the coming years” [32]. 

To improve maternal and child health, targeted in-
terventions are needed at multiple levels. It is essential 
to implement and expand national breastfeeding pro-
tection, promotion and support policies, particularly 
in regions with lower EBF rates. These policies should 
include evidence-based awareness programs aimed at 
mothers, fathers/partner and healthcare providers, with 
a focus on reducing inequalities. Improving access to 
antenatal classes which have been confirmed as a posi-
tive determinant of breastfeeding [33], along with post-
natal support groups (such as peer support groups) and 
community family services, can help sustain breastfeed-
ing, as can expanding coverage of the Baby-Friendly 
Hospital and Community Initiatives. Another crucial 
aspect is enhancing parental leave policies, aligning the 
length of maternity leave with WHO recommendations 
to support exclusive breastfeeding for six months. Ex-
tending paternity leave – which in Italy currently pro-
vides only 10 days – would further encourage fathers’ 
involvement in supporting breastfeeding. The neonatal 
discharge summaries (NCDs) are another important 
tool for supporting mothers during breastfeeding. Sev-
eral studies in the Region of Lazio found that some 
neonatal discharge summaries (NDSs) reported infor-
mation on infant feeding practices, but in most cases 
the prescription of formula for breastfeeding mothers 
was recommended even with no medical indication 
[34]. The NDSs are a tool, but not the only one, for 
supporting mothers during breastfeeding and, for this 
reason, further efforts to reduce their prescriptive at-
titudes and level of medicalization is required. Prioritiz-
ing these interventions in southern regions, where EBF 
rates are particularly low, should be a key focus. 

The role, whether positive or negative, that the health-
care system can play in influencing the decision to start 
and continue breastfeeding is well-documented [35]. A 
study conducted in Italy on the Baby-Friendly Hospital 
network has demonstrated that a highly-structured, ev-
idence-based care model, performed better in some of 
the WHO/UNICEF standards during the COVID-19 
emergency [36]. Nevertheless the geographical distri-
bution of the Baby-Friendly Initiative in Italy is uneven 
and predominantly concentrated in the northern re-
gions (https://www.unicef.it/italia-amica-dei-bambini/
mappa-italia-amica/), as is the provision of community 
maternity services (e.g., family care centres) offering 
AC, post-natal support, and mother-to-mother/parents 
support groups. In addition, and, considering the cru-
cial role of fathers in supporting and bonding with their 
child, the 10 days currently allotted at birth are clearly 
inadequate. 

https://www.unicef.it/italia-amica-dei-bambini/mappa-italia-amica/
https://www.unicef.it/italia-amica-dei-bambini/mappa-italia-amica/
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Among the limitations of the surveillance of chil-
dren aged 0-2 years is the lack of data on breastfeed-
ing initiation. This absence makes it more challenging 
to speculate on and identify the structural factors that 
affect the initiation, exclusivity, and duration of breast-
feeding. In Italy, a data collection system at birth is 
mandatory, and the birth register (CeDAP, certificato 
di assistenza al parto) provides population-based rou-
tine data [37]. It represents data readily available to as-
sess the implementation of best practices in pregnancy 
and childbirth. However, while this could be the most 
efficient and sustainable method to measure the “ini-
tiation of breastfeeding” indicator, it presents several 
significant challenges, as described in previous studies 
[38]. The first concerns the heterogeneity of the data 
collection tool, as not all regions have included infor-
mation on breastfeeding at birth. Additionally, not all 
regions use WHO/UNICEF standard questions, and, 
as for the timing of data collection, the information is 
insufficient for the “early initiation of breastfeeding” 
and “exclusive breastfeeding for the first 2 days after 
birth” indicators. Finally, the current CeDAP data col-
lection system at birth does not allow for the construc-
tion of a comprehensive indicator of neonatal feeding 
throughout the entire hospital stay, an indicator used 
in the accreditation of Baby-Friendly Hospitals, which 
is coordinated by the Italian National Committee 
for UNICEF in Italy. As a general recommendation, 
enhancing the timing of data collection at the point 
of discharge to capture comprehensive and accurate 
breastfeeding data, training healthcare personnel to 
accurately define and report different modes of infant 
feeding (exclusive breastfeeding, predominant breast-
feeding, complementary feeding, and formula feed-
ing), and implementing a procedure for record linkage 
between different routine data could provide more 
comprehensive information on breastfeeding indica-
tors and underlying drivers. 

The surveillance of children aged 0-2 years is a ro-
bust, reliable, and sustainable tool for the estimation of 
breastfeeding prevalence, however some indicators are 
not yet being adequately measurable according to stan-
dard international time frames [13]. While it respects 
WHO/UNICEF methodology that involve a 24-hour 
recall period, because the data collection occurs fol-
lowing the vaccination schedule, the surveillance does 
not allow for the proper alignment of indicators with all 
those defined by the WHO/UNICEF [19]. Neverthe-
less, the availability of breastfeeding data provided by 
the surveillance – the only source of robust national 
data – has enabled the inclusion of the exclusive breast-
feeding indicator at 4-5 months within the set of peri-
natal indicators used by the National Observatory of 
Good Practices on Safety in Healthcare of Italian Na-
tional Agency for Regional Healthcare Services (AGE-
NAS, Agenzia Nazionale per i Servizi Sanitari Regionali) 
[39].

CONCLUSIONS
The data underscore the gap between recommenda-

tions and actual breastfeeding practices, offering the 
first-ever national perspective, and highlighting terri-

torial disparities. Despite a long-standing commitment 
to breastfeeding promotion and the implementation 
of several national policies, breastfeeding prevalence 
rates remain low, associated with socio-economic and 
geographical determinants, perpetuating inequalities 
in future generations [1]. The findings highlight the 
necessity for targeted, evidence-based interventions, 
particularly in light of identified regional and socio-
economic variations. 

While the Italian surveillance system provides valu-
able insights into breastfeeding practices, there is a 
clear need for enhancements in data collection and 
policy support to bridge the gap between recom-
mendations and actual practices. Addressing these 
gaps, requires a concerted effort from policymakers, 
healthcare providers, and community support systems 
to create an environment that fosters breastfeeding, 
recognizing its foundational role in public health and 
social equity.
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Abstract 
Background. The European guidelines on breast cancer and diagnosis recommend 
digital mammography (DM) or digital breast tomosynthesis (DBT) for screening asymp-
tomatic women with an average risk of breast cancer. The research project innovation 
in mammography: tomosynthesis pathways (IMPETO) includes an interventional ran-
domised trial conducted in Tuscany, Italy, aiming to assess the feasibility and impact of 
DBT in screening. Limited evidence exists on women’s preferences and acceptability of 
this new technology. To address this gap, as part of the IMPETO trial, a questionnaire 
was administered to 441 women aged 45 at their first inclusion in the screening pro-
gramme, to investigate women’s awareness of tomosynthesis and their attitudes toward 
early diagnosis.
Methods. This cross-sectional study was nested within the IMPETO trial, whose par-
ticipants were randomly sampled. From October 2021 to February 2022 all women who 
participated in the face-to-face enrolment for the IMPETO trial were asked to fill out a 
structured questionnaire collecting socio-demographic information and assessing aware-
ness of tomosynthesis, breast density, attitudes toward breast cancer early diagnosis, 
and sources of information on breast health. Multiple logistic regression was performed 
to identify predictors of tomosynthesis awareness and attitudes toward early diagnosis.
Results. Out of the 441 women surveyed, only 12% knew what tomosynthesis was 
and this awareness was positively associated with prior mammography experience 
(OR=2.092; 95% CI: 1.036-4.11). More than half of the participants (56.7%) had un-
dergone mammography before joining the screening programme. Education attainment 
emerged as a significant predictor, with women holding a secondary degree being more 
likely to undergo mammography before age 45 (OR=2.18; 95% CI: 1.04-4.56). Among 
those who had undergone mammography before 45, 38.8% were advised by their gynae-
cologist, 27.6% made the decision independently, and 13.6% followed the advice of their 
general practitioner.
Conclusion. This study highlights the need for improved education on screening appro-
priateness and associated risks and the importance of tailored communication to reduce 
knowledge differences across educational levels without increasing inappropriate use. 

INTRODUCTION
Breast cancer is the most common cancer affecting 

women in the European Union, with 374,800 wom-

en estimated to be diagnosed with breast cancer and 
95,800 women estimated to die of breast cancer in 
2023, according to the European Cancer Information 
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System [1]. Advancements in organised population-
based screening programmes have contributed to re-
duced mortality rates in most European countries [2-4]. 
Early detection through breast cancer screening is piv-
otal in identifying treatable cases, significantly reducing 
mortality [5, 6].

The European guidelines on breast cancer screening 
and diagnosis, established under the European Com-
mission Initiative on Breast Cancer (ECIBC) 2021 
(https://healthcare-quality.jrc.ec.europa.eu/en/ecibc/
european-breast-cancer-guidelines?topic=65&usertype
=60&updatef2=0), provide guidance on the implemen-
tation of breast cancer screening. These guidelines sug-
gest using either digital mammography (DM) or digital 
breast tomosynthesis (DBT) for asymptomatic women 
with an average risk of breast cancer. Women with high 
mammographic breast density are likely to benefit most 
from the increased detection capability of DBT. How-
ever, the guidelines underline the limited certainty of 
evidence and the absence of data on the downstream 
impact of DBT, such as its effect on reducing advanced 
cancer and mortality. Moreover, the guidelines reveal 
a lack of data regarding women’s preferences, accept-
ability, and the value they attribute to the routine use 
of DBT.

In the Florence local health unit, the breast cancer 
screening programme was fully implemented in the 
first 1990s for women aged 50-69, with biennial invita-
tions to mammography. In 2016 the programme was 
expanded to include women aged 45-49, receiving an-
nual invitations.

In 2018, the Institute for Cancer Research, Preven-
tion and Clinical Network (Istituto per lo Studio, la 
Prevenzione e la Rete Oncologica, ISPRO) initiated 
an interventional randomised trial to assess the impact 
of the introduction of tomosynthesis in mammography 
screening, analysing the benefits, disadvantages, and 
feasibility in current practice.

As part of this study, a questionnaire was developed 
to investigate women’s awareness of tomosynthesis and 
their attitudes toward early diagnosis upon their initial 
inclusion in the screening programme. The question-
naire was administered to participants from October 
2021 until the study concluded in February 2022. As 
new evidence emerged in the Italian context, we recog-
nised the importance of conducting this questionnaire 
to analyse our specific circumstances [7].

METHODS
Participant selection and recruitment

The research project Innovation in mammography: to-
mosynthesis pathway (IMPETO - Innovazione in Mammo-
grafia: PErcorsi di TOmosintesi) involved in a randomise 
controlled trial women aged 45 who were participating 
in the Florence screening programme for the first time. 
Women in this age group were randomly assigned to ei-
ther the control arm (2D DM) or the intervention arm 
(DBT plus 2D synthetic reconstruction). This study 
joined the Mammography screening ITAlian (MAITA) 
Consortium (a consortium of four Italian trials, REto-
mo, Proteus, Impeto, and MAITA trial). [8].

The cross-sectional study reported here was nested 

in the IMPETO trial. Women were invited to join the 
IMPETO study through a randomised selection pro-
cess. The randomization of invitees (rather than en-
rolees) followed a simple random sampling method 
at a 1:1 ratio. All women who accepted to participate 
in the face-to-face enrolment were asked to fill out a 
self-administered questionnaire on their awareness of 
tomosynthesis and their attitudes toward early diagno-
sis. Neither the study recruiter nor the woman knew the 
study arm assignment before signing the consent form.

Data collection
The questionnaire is reported in Appendix 1 available 

online as Supplementary Material. It was structured into 
three sections aimed at assessing: (i) general attitudes 
toward breast cancer early diagnosis; (ii) awareness 
of breast density, tomosynthesis, and sources where 
women seek information related to breast cancer pre-
vention (iii) socio-demographic information. The ques-
tions were designed drawing on insights from previous 
research [9, 10] and the Centers for Disease Control 
and Prevention (CDC) Q-Bank (https://wwwn.cdc.gov/
qbank/). 

A panel of experts in cancer screening reviewed the 
questionnaire incorporating all relevant observations. 
Administered on a self-reported and anonymous basis, 
the questionnaire aimed to mitigate response order bias 
by randomising the sequence of answers (questions 3, 
4, 8, 10) after the first 200 responses using the Excel 
function Random.

Analysis
Data was processed using Stata/SE version 16.1 

(StataCorp LP, College Station, TX). Descriptive sta-
tistics, including frequency distribution, were used to 
summarise participants’ demographics and question-
naire responses. Multiple logistic regression analysis was 
performed to identify significant predictors of tomosyn-
thesis awareness and attitudes toward early diagnosis. 
All statistical tests were two-sided and statistical signifi-
cance was set at 0.05 (p<0.05). In the multiple logis-
tic regression analysis to investigate the association be-
tween socio-demographic factors and the likelihood of 
having undergone mammography as a preventive mea-
sure before turning 45, women who had mammography 
due to symptoms (such as pain, skin changes, palpable 
nodules, nipple discharge) or benign lesions (fibroade-
nomas or cysts) control were excluded, as they were not 
undergoing the mammography for preventive reasons.

RESULTS
Socio-demographic characteristics

The study sample (Table 1) included women aged 45 
years, following the IMPETO cohort inclusion criteria. 
Of the 441 women who completed the questionnaire, 
not all participants responded to every item. The num-
ber of non-responders is reported as missing values in 
the tables. The majority of participants (77.1%, n. 340) 
were either Italian or from highly developed countries 
(HDC), while 19.1% (84) were from high migratory 
pressure countries (HMPC) [11]. Educational back-
grounds varied, with 44.7% (197) holding a high school 

https://healthcare-quality.jrc.ec.europa.eu/en/ecibc/european-breast-cancer-guidelines?topic=65&usertype=60&updatef2=0
https://healthcare-quality.jrc.ec.europa.eu/en/ecibc/european-breast-cancer-guidelines?topic=65&usertype=60&updatef2=0
https://healthcare-quality.jrc.ec.europa.eu/en/ecibc/european-breast-cancer-guidelines?topic=65&usertype=60&updatef2=0
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diploma, 42.9% (189) being graduates, 9.8% (43) hav-
ing completed the primary education cycle, and only 
0.5% (2) lacking an education certificate. 38.3% (169) 
of participants resided in the city of Florence, 26.8% 
(118) in rural areas, and 20.9% (92) in the industrial 
area around Florence. The majority of participants were 
full-time employed (62.1%, n. 274), followed by 21.1% 
(93) part-time employed individuals. The remaining 
participants were either unemployed (6.4%, n. 28), 
housewives (4.5%, n. 20), or engaged in private jobs 
(4.5%, n. 20). In terms of mammography history, 43.3% 
(191) had never undergone mammography, while 
56.7% (250) had at least one mammography session in 

their lifetime. Among these women 32.7% (144) had 
one, 9.1% (40) had two, 7.7% (34) had three, and 5.9% 
(26) had more than four.

Breast density and DBT awareness and source  
of information

While 51.0% (225) women have heard about breast 
density, only 12.0% (53) were aware of DBT. How-
ever, 91.2% (402) women had never undergone DBT, 
1.6% (7) did not know and only 3.9% (17) experienced 
this test (15 missing). Among those who already had 
a mammography, 7.6% experienced this test. The 53 
women aware of DBT were asked about the source of 
their knowledge through a multiple-select item: none 
cited a general practitioner (GP) or media channels, 
43.4% (23) learned about DBT at the facilities where 
they underwent mammography, 16.9% (9) through 
specialist doctors, and 15.1% (8) via friends and fam-
ily. Additionally, 15.1% (8) were informed through the 
Internet and Social Networks, and 13.2% (7) through 
specialised and non-specialised magazines/newspapers. 

Attitudes towards early diagnosis 
The 441 participants were asked where they would 

seek information about mammography in case of doubts 
or questions. Responders indicated as main points of 
reference general practitioners (41.5%, n. 183) and spe-
cialist doctors (43.8%, n. 193), followed by screening 
facilities (20.2%, n. 89) and the Internet (6.1%, n. 27). 
Family and friends (3.4%, n. 15) and specialised infor-
mation sources (2.5%, n. 11) were cited less frequently.

Among the responders, 43.3% (191) had never un-
dergone mammography, while 56.7% (250) had at least 
one mammography session (Table 2). Among those who 
had mammography, 51.2% (128) opted for private fa-
cilities, and 37.6% (94) chose public facilities. The pri-
mary motivation for mammography was secondary pre-
vention in the absence of family history 52.8% (132), 
followed by prevention due to the presence of a family 
history 18.8% (47), and symptoms 18.4% (46). Among 
women who had undergone at least one mammogram, 
38.8% (97) were advised by their gynaecologist, 27.6% 
(69) made the decision independently, and 13.6% (34) 
followed the advice of their GP.

Among women who underwent mammography for 
secondary prevention without a family history or symp-
toms (132), 50.0% (66) followed their gynaecologist’s 
recommendation, 25.8% (34) made the decision in-
dependently, 7.6% (10) were influenced by family or 
friends, and 7.6% (10) followed a breast specialist’s 
advice, and 5.3% (7) followed the GP advice (missing 
5). For those with a family history (47), 31.9% (15) de-
cided independently, 29.8% (14) were advised by their 
gynaecologists, 17.0% (8) by their GPs, 8.5% (4) by a 
breast specialist, and 8.5% (4) by their family or friends 
(missing n. 2). Among those who had mammography 
due to symptoms or for benign lesions control (64), 
31.2% (20) made the decision independently, 29.7% 
(19) were advised by GPs, 25.0% (16) followed their 
gynaecologist’s suggestion, 6.6% (4) followed a breast 
specialist recommendation, only one person was influ-
enced by family or friends (missing n. 4).

Table 1
Socio-demographic characteristics

N. %

Country of birth

HDC1 340 77.1

HMPC2 84 19.1

Missing 17 3.9

Level of education

None 2 0.5

Primary school 43 9.8

Secondary school 197 44.7

University graduate 189 42.9

Other 5 1.1

Missing 5 1.1

Residence3

Florence 169 38.3

Piana municipalities 92 20.9

Rural areas 118 26.8

Missing 62 14.1

Occupational status

Full-time employed 274 62.1

Part-time employed 93 21.1

Unemployed 28 6.4

Housewife 20 4.5

Private job 20 4.5

Missing 6 1.4

Had mammography before

No 191 43.3

Yes 250 56.7

N. of mammography in lifetime

1 144 32.7

2 40 9.1

3 34 7.7

4+ 26 5.9

Missing 6 1.4

1Highly developed countries; 2high migratory pressure countries; 3piana 
municipalities: Calenzano, Sesto F.no, Campi, Prato; rural areas: Vicchio, 
Reggello, Incisa, Greve, Figline, Bagno a Ripoli.

http://F.no
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Predictors of DBT awareness
Table 3 column a shows the association between socio-

demographic factors and DBT awareness. Participants 
who had previously undergone mammography showed a 
significant association with DBT awareness (OR=2.09; 
95% CI: 1.04-4.11). Similarly, there was a correlation 
between knowledge about breast density and DBT 
awareness (OR=2.44; 95% CI: 1.20-4.93). Association 
with education and place of birth was weak, if any. Oc-
cupational status showed a non-significant association 
with being unemployed and an inverse association with 
being a housewife.

Predictors of attitudes towards early diagnosis  
by logistic regression

Table 3b presents the association between socio-
demographic characteristics and having had screening 
mammography before the age of 45. As mentioned, 
symptomatic women and those who had benign le-
sions controls were excluded (N=64). Educational 
level emerged as a significant predictor, with women 
holding a secondary degree showing an increased 
likelihood of undergoing mammography before 45 
(OR=4.00; 95% CI: 1.30-23.27). Moreover, universi-
ty-educated women exhibited a stronger association, 
with a higher odds ratio for undergoing mammography 
before the age of 45 (OR=7.49; 95% CI: 2.43-23.07). 

In addition, the knowledge of breast density showed 
a positive association (OR=1.60; 95% CI: 1.02-2.54). 
Place of birth and occupational status showed small, if 
any association.

DISCUSSION
This study examined women’s awareness of tomo-

synthesis and their attitudes towards early diagnosis 
within the context of the IMPETO study nested in the 
breast cancer screening programme of the Florence lo-
cal health unit. 

The findings of this study lie in two main themes. 
Firstly, there is a notable lack of awareness regarding 
tomosynthesis, despite the relatively high educational 
levels of the participants. To our knowledge, no prior 
studies have explored perceptions of tomosynthesis 
among women undergoing breast cancer screening. 
Awareness of breast density is higher but still around 
50%, consistent with findings from similar studies [12, 
13]. In this study, knowledge of tomosynthesis cor-
related more strongly with having undergone a mam-
mogram than with educational attainment. Indeed, the 
primary source of information was the facility where 
participants had prior mammograms, with minimal in-
fluence by general practitioners or media channels. 

Secondly, a significant number of women had a 
mammography before 45, aligning with previous stud-
ies [14], despite European guidelines on breast cancer 
screening and diagnosis (European Commission Ini-
tiative on Breast Cancer, ECIBC, 2021) not recom-
mending routine mammography before the age of 45. 
Women with higher educational levels were more likely 
to undergo mammograms, often in private clinics and 
without a family history of breast cancer, consistent 
with other studies [15, 12]. Gynaecologists played a 
significant role in directing women to mammography, 
but a substantial percentage make the decision inde-
pendently. 

The phenomenon of mammography overuse, previ-
ously observed in Italy [16], persists regardless of edu-
cation level. Thus, there is a need to improve knowledge 
about appropriateness and associated risks, especially 
concerning unnecessary screenings, consistent with 
previous findings [7]. It is crucial to re-imagine a com-
munication strategy to enhance women’s awareness of 
screening and tomosynthesis, to avoid an uneven intro-
duction of DBT in breast cancer secondary prevention. 
Without such measures inappropriate use of DBT may 
rise, undermining women’s trust in public screening 
programs. 

As DBT becomes more common in private clinics, 
public screening programmes must address the in-
creased demand for radiologists dedicated to screening 
reading or adopt new technologies to reduce DBT read-
ing time [17]. Failure to balance access risks creating 
inequities: private clinics offering paid DBT while pub-
lic programs rely on free DM. 

The strength of our study lies in its unique focus 
on women invited to the first round of organised 
screening, providing insights into initial awareness 
and information-seeking behaviours regarding breast 
cancer prevention. In addition, this study contributes 

Table 2
Attitudes towards early diagnosis

N. %

Where did you have mammography?

Don’t remember 1 0.4

Public health facility 94 37.6

Private facility 128 51.2

Abroad 5 2.0

Both in a private and public facility 15 6.0

Missing 7 2.8

Reason to undergo a mammography

Symptoms1 46 18.4

Benign lesions2 control 18 7.2

Family history 47 18.8

Prevention (no family history) 132 52.8

Missing 7 2.8

Who suggested undergoing mammography?

Breast specialist 18 7.2

Gynaecologist 97 38.8

General practitioner 34 13.6

Family/friends 15 6.0

None, I decided on my own 69 27.6

Other 12 4.8

Missing 5 2.0

1Pain, skin changes, palpable nodules, nipple discharge; 2fibroadenomas or 
cysts.
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to exploring the scarcely investigated perceptions and 
knowledge of tomosynthesis. However, this study has 
some limitations such as a relatively small sample size, 
and the questionnaire was exploratory. Additionally, 
it is important to acknowledge that the demographic 
characteristics of our participants may be influenced 
by self-selection bias, as individuals with certain traits 
may be more likely to accept to participate in the face-
to-face enrolment and screening programmes, poten-
tially impacting the generalizability of our findings to 
the whole population. However, the questionnaire was 
completed before the experimenter introduced the 
IMPETO study to the participants, allowing for a re-
duced influence of self-selection bias and ensuring a 
more representative sample. As a result, the respond-
ers to the questionnaire had a higher educational level 
and employment rate compared to data from the lo-
cal female population aged 25-49. Indeed, only 9.8% 
of the questionnaire participants had a primary edu-
cation level, while 42.9% were university graduates, 
compared to 19.3% and 37.1% respectively, among 
Florence’s female population aged 25-49, according 
to National Institute of Statistics (Istituto Nazionale 

di Statistica, ISTAT) [18]. Regarding respondents’ 
employment rate, 87.7% were employed, 6.4% were 
unemployed and 4.5% were housewives, compared to 
Florence’s female population aged 25-49, where 74.3% 
were employed, 6.8% unemployed, and 11.2% house-
wives [18].

Nonetheless, the proportion of eligible citizens from 
HMPC countries aligns with the percentage of partici-
pants in the questionnaire, adding validity to our study 
sample composition. Specifically, 19.8% of participants 
were from HMPC countries, compared to 19.4% of the 
eligible population in the Florence province in 2022 
[19].

CONCLUSIONS
Our study provides valuable insights into breast can-

cer screening, highlighting the importance of raising 
awareness about screening appropriateness and poten-
tial risks, particularly concerning unnecessary screen-
ings. In addition, a communication strategy should 
involve not only screening centres but also general 
practitioners and gynaecologists. Moreover, the influ-
ence of educational levels on screening attitudes un-

Table 3
Association between socio-demographic factors and DBT1 awareness investigated through multiple logistic regression analysis (a) 
and between socio-demographics factors and the likelihood of having undergone mammography before turning 45 years old as 
preventive measure (symptomatic women and those who had benign lesions controls were excluded) (b)

a b

N=53 OR (95% CI) N=186 OR (95% CI)

Had mammography before

None 14 1* - -

Yes 39 2.092 
(1.04-4.11)

- -

Country of birth

HDC2 41 1* 158 1*

HMPC3 9 1.31 
(0.57-2.99)

16 0.41 
(0.21-0.83)

Level of education

Primary education 2 1* 6 1*

Secondary education 22 1.28 
(0.34-4.74)

75 4.00 
(1.30-23.27)

University graduated 28 1.38 
(0.37-5.22)

98 7.49 
(2.43-23.07)

Occupational status

Full/Part-time/Private job 46 1* 162 1*

Unemployed 5 2.34 
(0.79-6.95)

7 0.71 
(0.25-2.07)

Housewife 1 0.52 
(0.06-4.21)

9 1.05 
(0.36-3.04)

Knowledge of breast density

No 14 1* 66 1*

Yes 37 2.44 
(1.20-4.93)

109 1.60 
(1.01-2.54)

*Reference status; 1DBT= digital breast tomosynthesis; 2HDC = people from highly developed countries (or Italians); 3HMPC = people from high migratory pressure 
countries; values in bold indicate statistical significance.
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derscores the need for tailored interventions to address 
existing disparities. 

Further investigations and interventions should focus 
on improving women’s awareness and decision-making 
regarding breast cancer screening. Addressing these is-
sues will contribute not only to individual healthcare 
decisions but also to the overall success and effective-
ness of breast cancer screening programmes. Specifi-
cally, there is a need to enhance the training of general 
practitioners and gynaecologists, enabling them to en-
rich women’s understanding and facilitate their well-
informed decision-making processes.
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Abstract
Objectives. COVID-19 vaccines have proven effective and safe, enabling the resump-
tion of normal life. However, misinformation has hindered vaccination efforts. This study 
aimed to investigate perceptions of vaccine safety among Italians through an anonymous 
online survey.
Study design. An anonymous online survey was conducted from April to July 2022 and 
disseminated through social platforms, among adult individuals living in Italy.
Results. A total of 1,329 individuals participated. Younger individuals and healthcare 
professionals showed greater trust in vaccines. Education level was significantly associat-
ed with perceived vaccine safety. Most respondents, including many healthcare workers 
and highly educated individuals, believed vaccines to be safe, with confidence levels of 
39.5% for mRNA, 32.9% for viral vector, and 39% for protein subunit vaccines. Younger 
age and trust in institutions were linked to higher confidence in all vaccine types.
Conclusions. These findings may be useful to further investigate the drivers of vaccine 
safety perceptions and their relationship with vaccine hesitancy and may help to develop 
more effective communication campaigns in the future.

INTRODUCTION
On March 11th, 2020, the World Health Organi-

zation (WHO) declared a pandemic due to the new 
SARS-CoV-2 virus (severe acute respiratory syndrome-
coronavirus 2), first identified in December 2019 in 
Wuhan, China [1].

By March 2023, the world had surpassed 759 mil-
lion documented cases of COVID-19 [2] and 6.8 mil-
lion deaths [3]. The pandemic has not only had direct 
health consequences but has also threatened health sys-
tem stability, disrupted routine services, and indirectly 
impacted community health [4]. In Italy, more than 25 
million cases and over 188,000 deaths have been re-
corded due to COVID-19, mainly affecting the older 
segments of the population and the frailest individu-
als in the same period [5]. Unsurprisingly, these two 
categories of people were the first to receive the anti-
COVID-19 vaccine. COVID-19 does, in fact, cause less 
severe disease in young people, but the risk of severe 
illness and death remains high in people aged 60 years 
and older and those with underlying health conditions 

[6]. The “Vaccine-day” (December 27, 2020) is the date 
that marked the official start of the vaccination cam-
paign against COVID-19 all over Europe [7]. In Italy, 
the distribution of the vaccine began on 31 December 
2020 [8]. Achieving high acceptance and uptake rates is 
crucial for the success of such campaigns [9]. Globally, 
as of February 2024, approximately 70.6% of the world 
population, including 86.3% of Italians, has received at 
least one dose of a COVID-19 vaccine while 64.1% of 
the global population, including 81.2% of Italians, was 
fully vaccinated [10].

Along with the global spread of vaccines, “no-vax” 
movements have arisen, consisting of people who don’t 
trust vaccines, particularly the new mRNA technology, 
or are afraid of adverse reactions [11]. Determining 
factors include the loss of trust in institutions regard-
ing pandemic management, the rapid development of 
available vaccines and the spread of misinformation 
[12, 13]. Indeed, what characterized the COVID-19 
pandemic was the presence of a massive infodemic, 
which the WHO describes as an “overabundance of in-
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formation – some accurate and some not – that occurs 
during an outbreak” [14]. Due to misinformation and 
infodemic, the risks of COVID-19 have been trivial-
ized, or misinformation has been spread about alleged 
anti-COVID-19 treatments (e.g., hydroxychloroquine) 
whose efficacy has never been proven, as has the simul-
taneous and conflicting emergence of opinions of so 
many public health experts [15].

The WHO has recognized vaccine hesitancy as one of 
the top ten threats to global health [16]. Vaccine hesi-
tancy refers to the delayed acceptance or refusal of vac-
cination despite the availability of vaccines and vaccina-
tion services. According to the WHO’s 3 Cs model, the 
propensity for vaccine hesitancy is a function of three 
factors: confidence, complacency and convenience. 

In particular, complacency corresponds to the per-
ceived risk of getting sick versus the perceived risk of 
experiencing adverse events after vaccination and deter-
mines the belief that vaccines are unnecessary; instead, 
convenience concerns the individual’s ease of access to 
vaccination. Confidence is defined as trust in the ef-
ficacy and safety of vaccines, trust in the system that 
provides them (competence of health workers and ser-
vices), and trust in immunization policies adopted by in-
stitutions [17]. Trust issues constitute the predominant 
reason for vaccine hesitancy [18]. Other factors contrib-
uting to vaccine hesitancy are many and partly overlap 
with those of trust: misperceptions of vaccine-prevent-
able disease risk (based on prior experience or lack of 
experience), access to information and misinformation, 
media and social media exposure and social norms [19].

In Italy, nearly one in five people has expressed be-
liefs that vaccines are harmful, often accompanied by 
a lack of trust in the scientific community and limited 
engagement in political or cultural activities [20]. Dur-
ing the COVID-19 pandemic, these concerns became 
even more pronounced, with the rapid development of 
vaccines fueling doubts about their safety and efficacy. 
A survey conducted across seven European countries 
at the end of 2020 revealed that in Italy, 66% of re-
spondents were willing to accept a COVID-19 vaccine 
– a higher rate than in some countries but still indica-
tive of significant hesitation. Factors such as trust in 
healthcare institutions and clear, accurate information 
emerged as critical in shaping public attitudes [21, 22]. 
These findings emphasize the need for targeted strate-
gies to rebuild trust and counter misinformation, espe-
cially in the context of new vaccine technologies.

Hesitation towards vaccines represents a significant 
challenge in the fight against SARS-CoV-2 [23]. In-
deed, infodemic and misinformation cause an increase 
in vaccine hesitancy and a decrease in vaccine confi-
dence [24]. Strong confidence in COVID-19 vaccines 
leads to an increase in immunizations for all age groups 
and vaccine trust is considered to be the main factor 
affecting COVID-19 vaccine uptake [25].

For these reasons, several important issues were ad-
dressed, including vaccination safety, public trust in the 
government, and sources consulted for information [26].

More than a year after the beginning of the vaccine 
campaign, evidence of the public’s willingness to accept 
COVID-19 vaccines still deserves further investigation, 

and the role that determinants may play in vaccine 
confidence needs to be better understood. In addition, 
according to the best information we have, different 
types of anti-COVID-19 vaccine might have different 
impacts relative to vaccine hesitancy [27].

For this reason, our research aims to assess percep-
tions of vaccine safety in different anti-COVID-19 vac-
cine formulations (mRNA, protein subunits and viral-
vector vaccines) and factors associated in the context 
of the pandemic.

METHODS
This study was conducted in a convenience sample of 

the general adult population residing in Italy one year 
after the introduction of the anti-COVID-19 vaccine. 
An anonymous online survey was conducted among the 
general adult population from 20 April 2022, to 23 July 
2022.

The survey was disseminated via social platforms 
(Facebook, Instagram, WhatsApp, Telegram) and was 
especially disseminated through commenting on online 
newspaper posts that were closely related to informa-
tion about anti-COVID-19 vaccines and the vaccina-
tion campaign. The questionnaire was also posted on a 
regional website aimed at improving vaccination knowl-
edge and awareness in the general population [28].

Participants aged 18 years and older and residing in 
Italy were considered eligible. All participants provided 
online informed consent to be included in the study. 
Only questionnaires completed by Italians residents in 
Italy were included. Participation in the study was vol-
untary.

Questionnaire
The anonymous questionnaire could be filled out only 

after viewing the information note on the purpose of 
the survey and agreeing to a statement of consent to 
participate. Most of the questions included dichoto-
mous answers (YES/NO), while two questions included 
open-ended answers.

The first part of the questionnaire addressed general 
socio-demographic characteristics (age group, sex, geo-
graphic area, education, type of employment, employ-
ment status, type of healthcare professional, trust in 
institutions).

The second part examined trust in vaccines and an-
ti-COVID-19 vaccines in their different formulations 
(mRNA, viral vector and protein subunit). Specifically, 
the confidence in the protein subunit vaccine was as-
sessed with respect to the mRNA vaccine and the viral 
vector vaccine, as the protein vaccine was released later 
than the others.

The last section assessed possible determinants of 
trust in the COVID-19 vaccine, such as perceived risk 
related to vaccination versus infection and trust in in-
stitutions. In this scenario, respondents were asked 
whether they knew individuals who had experienced 
severe adverse reactions, defined as reactions that re-
sulted in hospitalization.

The main source of information regarding vaccina-
tion was investigated using a closed question which al-
lowed more than one answer.
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The questionnaire underwent a thorough internal 
validation process. In particular, the questionnaire was 
reviewed and tested by approximately 50 residents in 
Hygiene and Preventive Medicine at the University of 
Florence (Italy) to ensure its relevance and clarity. Al-
though we did not conduct further validation with an 
external population, we relied on the School’s profes-
sional expertise and extensive experience to improve 
the robustness and applicability of the questionnaire.

The questionnaire is available in the Supplementary 
File 1 available online as Supplementary Materials.

Statistical analysis
Descriptive statistics were conducted to generate 

summary tables for study variables. Based on median 
values, the continuous variable “age” was transformed 
in two age groups.

In order to assess the predictors of the outcomes in-
dicating vaccine confidence, we performed single and 
multivariate modified Poisson regression models. Pois-
son regression can be used for the analysis of cross-sec-
tional studies with binary outcomes. When the outcome 
event is common [29], it is often more desirable to esti-
mate a prevalence ratio since there is an increasing dif-
ferential between the RR (relative risk) and OR (odds 
ratio) with an increasing incidence ratio. Anyway, for bi-
nary data Poisson regression model produces CIs (con-
fidence intervals) that tend to be too wide. To correct 
this potential limitation, Zou et al. proposed a modified 
Poisson regression approach (Poisson regression with 
a robust error variance) [30]. The effect estimates are 
presented as relative risks (RRs) with their 95% confi-
dence intervals (CIs).

For all the analyses, a p-value <0.05 was considered 
statistically significant. Statistical analyses were con-
ducted using STATA 17 (StataCorp. 2021. Stata Statis-
tical Software: Release 17. College Station, TX: Stata-
Corp LLC).

RESULTS
Out of the 1,350 completed questionnaires, 1.5% 

(n=21) were excluded because responders reported liv-
ing abroad. Finally, a total of 1,329 questionnaires were 
included. Sociodemographic characteristics of the sam-
ple are shown in Table 1.

Women represent 65.5% (n=870) of the sample, 
while the median age was 47 years (95% CI: 46.7-48). 
Additionally, 34.1% (n=453) were healthcare profes-
sionals, and 76.5% (n=1,020) declared to be employed 
at the time of the administration of the survey adminis-
tration. Half of the responders (n=665) reported living 
in Northern Italy, 38.2% (n=508) in Central Italy, and 
11.8% (n=156) in Southern Italy. Regarding the level 
of education, the majority of respondents (65% n=864) 
held a bachelor’s or master’s degree. These characteris-
tics highlight a sample that is not representative of the 
general population but rather skewed towards individu-
als with higher education and professional involvement 
in healthcare. A majority of the sample, specifically 
62.6% (n=832) reported having sufficient trust in insti-
tutions (e.g., Ministry of Health, National Institute of 
Health, Italian Drug Agency, etc.).

Personal beliefs about vaccination and perceived 
safety of different COVID-19 vaccine formulations are 
shown in Table 2.

The majority of respondents, 63.9% (n=849), think 
vaccines are safe, while 39.5% (n=525), 32.9% (n=437), 
and 39% (n=518) consider vaccines with mRNA tech-
nology, viral vectors, and protein subunits safe, respec-
tively. About 10.6% (n=142) and 9.1% (n=122) of the 
respondents reported higher confidence in the protein-
subunit vaccine compared to the mRNA vaccine and 
the viral-vector vaccine, respectively.

Among the preferred sources of information on vac-
cines, scientific books or journals (59%), attending phy-
sicians, medical officers and health professionals (52%), 
and institutional sites (e.g., Ministry of Health, Nation-
al Institute of Health, Italian Medicines Agency) (35%) 
were the most selected options. The local health unit 
(LHU) is a reference for 30% of the participants: 17% 
and 13% through the vaccination service and region’s 

Table 1
Sociodemographic features of Italian respondents in the  
COVID-19 vaccine safety study

NA N or median % or IQR

Age (year) 47 46.7-48.1

Sex 19

Male 440 33.1

Female 870 65.5

Geographic area 0

North of Italy 665 50

Center of Italy 508 38.2

South of Italy 156 11.8

Education 0

Primary school 2 0.2

Secondary school 52 3.9

High school 411 30.9

Bachelor’s degree 549 41.3

Master’s degree/PhD 315 23.7

Type of employment 309

Employee 702 52.8

Self-employed 318 23.9

Employment status 45

Currently employed 1,020 76.5

Currently 
unemployed/retired

264 19.8

Healthcare 
professional

0

Yes 453 34.1

No 876 65.9

Trust in institutions 0

Yes 832 62.6

No 497 37.4

NA: not available; N: number of valid responses; IQR: inter quartile range.
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website or LHU respectively. In our sample, 16% of 
participants reported using sites/blogs/forums that are 
against vaccinations in case of doubt about a vaccine’s 
risks or actual benefits.

Knowing someone who suffered from a serious ad-
verse reaction to vaccines was reported by 43.4% 
(n=753) of subjects in the case of the mRNA vaccine 
and by 46.6% (n=620) in the case of the viral-vector 
vaccine. In this study, a serious adverse reaction is de-

fined as an event that causes death, is life-threatening, 
requires hospitalisation or results in significant disabil-
ity [31]. The exploration of personal beliefs about CO-
VID-19 revealed that 55.5% (n=738) of respondents 
reported a higher perceived risk related to vaccination 
than to contracting COVID-19 disease.

The results of the single regression analysis are re-
ported in Table 3.

Perceived vaccine safety is associated with being 
younger than 47 years (RR 1.34;  95% CI: 1.24-1.45; 
p<0.001), working as a healthcare professional (RR 
1.18; 95% CI: 1.09-1.28; p<0.001), having a bach-
elor’s degree or higher (RR 1.13; 95% CI: 1.03-1.24; 
p<0,008), geographical area of residence in Central It-
aly (RR 1.34 95%; CI: 1.22-1.46; p<0.001) or Southern 
Italy (RR 1.36; 95% CI: 1.21-1.53; p<0.002) and trust 
in institutions (RR 2.25; 95% CI: 2.08-2.43; p<0.001).

According to the multivariate analysis (Table 4), fac-
tors independently associated with higher vaccine con-
fidence were age lower than 47 years (RR 1.12; 95% CI: 
1.02-1.23), residing in Central Italy (RR 1.10; 95% CI: 
1.01-1.20), and having trust in institutions (RR 2.16; 
95% CI: 1.96-2.37).

Analysis of opinions about the different COVID-19 
vaccine technologies produced interesting results. 
Trust in institutions remained the strongest predictor 
of vaccine confidence for both the mRNA vaccine (RR 
6.66; 95% CI: 4.13-10.74) and the viral vector vaccine 
(RR 9.22; 95% CI: 6.10-13.99), as well as the protein 
subunit vaccine (RR 6.92; 95% CI: 5.44-8.81). Being 
younger than 47 years was specifically associated with 
higher confidence in the protein subunit vaccine (RR 
1.15; 95% CI: 1.01-1.31). On the other hand, knowing 
someone who suffered a serious adverse reaction was a 
predictor of lower vaccine confidence in both mRNA 
vaccines (RR 0.31; 95% CI: 0.19-0.48) and viral vector 
vaccines (RR 0.35; 95% CI: 0.24-0.52).

Finally, being younger than 47 years (RR 0.92; 95% 
CI: 0.86-0.98), being an employee (RR 0.92; 95% CI: 
0.86-0.98), living in Central Italy (RR 0.88; 95% CI: 
0.82-0.96) or Southern Italy (RR 0.86; 95% CI:  0.76-
0.98) and having trust in institutions (RR 0.05; 95% CI: 
0.03-0.08) were predictors that reduce the possibility of 
a higher perceived risk associated to vaccination com-
pared to COVID-19 disease.

DISCUSSION
This study was conducted more than a year after the 

start of the anti-COVID-19 vaccination campaign in 
Italy. The objective was to assess confidence in vacci-
nation in general, confidence in anti-COVID-19 vac-
cination in particular, confidence in different vaccine 
formulations, and the factors influencing it.

The importance of anti-COVID-19 vaccination is dem-
onstrated by numerous studies testifying to the effective-
ness of vaccines, especially in protecting against severe 
illness, hospitalization, and death, despite the spread of 
the latest variants known to be more contagious [32]. 
At least five different vaccine technology platforms have 
been licensed and used for anti-COVID-19 vaccines 
in Italy: two mRNA vaccines (Comirnaty BNT162b2, 
Pfizer-BioNTech; Spikevax mRNA-1273, Moderna) 

Table 2
Personal beliefs about vaccinations and perceived safety of  
different COVID-19 vaccines formulations

NA N %

Do you think vaccines are safe? 0

Yes 849 63.9

No  480 36.2

Do you think that mRNA vaccines 
against COVID-19 are safe?

0

Yes 525 39.5

No  804 60.5

Do you think that protein subunit 
vaccines against COVID-19 are safe?

0

Yes 518 39

No  811 61

Do you think that viral-vector 
vaccines against COVID-19 are safe?

0

Yes 437 32.9

No  892 67.2

Do you know anyone who have 
suffered from severe reactions to 
the mRNA technology COVID-19 
vaccines?

0

Ye 753 43.4

No  576 56.6

Do you know anyone who have 
suffered from severe reactions to the 
viral vector COVID-19 vaccines?

0

Yes 620 46.6

No  709 53.4

Do you think that the risk you are 
exposed by being vaccinated against 
COVID-19 is greater than the risk 
caused by the disease itself?

0

Yes 738 55.5

No  591 44.5

Do you think that the protein 
subunits vaccine is safer than mRNA 
vaccine?

Yes 122 9.1

No  35 2.6

Do you think that the protein 
subunits vaccine is safer than viral 
vector vaccine?

Yes 142 10.5

No 33 2.4

NA: not available; N: number of valid responses.
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[33, 34], two viral vector vaccines (Vaxzevria ChAdOx1 
nCoV-19, Oxford-AstraZeneca; Janssen Ad26.COV2-
S recombinant, Janssen-Cilag International NV) [35], 
and one protein subunit vaccine (Nuvaxovid NVX-
CoV2373, Novavax) [36]. Overall, mRNA vaccines were 
the most widely used in the vaccination campaign in Italy 
[37]. Randomized and observational studies have dem-
onstrated the high efficacy of mRNA vaccines in reduc-
ing morbidity and mortality from SARS-CoV-2 infection 
[38-40]. In addition, a systematic review evaluated the 

efficacy and safety of vaccines against SARS-CoV-2 in 
general, showing high certainty evidence for mRNA vac-
cines and moderate certainty evidence for the protein 
subunit vaccine in reducing the incidence of symptom-
atic COVID-19 compared to placebo [41].

Regarding the three different anti-COVID-19 vaccine 
technology platforms available in Italy, 39.5% of par-
ticipants had confidence in the mRNA vaccine, 32.9% 
in the viral vector vaccine, and 39% had confidence in 
the protein subunit vaccine. The protein subunit vac-

Table 3
Single regression analysis of variables associated with personal beliefs about the safeness of COVID-19 vaccines

Variables Perceived vaccines safety
Perceived mRNA 

COVID-19 vaccines safety
Perceived protein subunit 
COVID-19 vaccines safety

n RR Lower Upper p value RR Lower Upper p value RR Lower Upper p value

95% CI 95% CI 95% CI

Sex 1,310 0.98 0.89 1.06 0.6 0.92 0.8 1.06 0.25 0.99 0.86 1.14 0.97

Age

Younger than 47 1.34 1.24 1.45 <0.001 1.8 1.56 2.1 <0.001 1.76 1.53 2.02 <0.001

Geographic area 1,329

Center of Italy 1.34 1.22 1.46 <0.001 2.07 1.77 2.42 <0.001 1.96 1.68 2.29 <0.001

South of Italy 1.36 1.21 1.53 <0.002 2.37 1.97 2.85 <0.001 2.18 1.8 2.63 <0.001

Education level 1,329

Bachelor’s degree or higher 1.13 1.03 1.24 0.008 1.17 1.01 1.36 0.03 1.34 1.15 1.56 <0.001

Type of employment 1,020

Employee 0.98 0.89 1.08 0.78 0.99 0.83 1.17 0.913 0.97 0.81 1.14 <0.71

Working as healthcare professional 1,329 1.18 1.09 1.28 <0.001 1.39 1.22 1.59 <0.001 1.5 1.32 1.72 <0.001

Knowing someone who had suffered 
from severe reaction after mRNA 
COVID-19 vaccination

0.08 0.06 0.1 <0.001

Knowing someone who had suffered 
from severe reaction after viral vector 
COVID-19 vaccination

Having trust in institution 1,329 2.25 2.08 2.43 <0.001 14.6 11.02 18.3 <0.001 7.2 6 8.7 <0.001

Variables

Perceived viral-vector  
COVID-19 vaccines safety

Perceived COVID-19  
vaccination as a higher risk  

than the disease itself

n RR Lower Upper p value RR Lower Upper p value

95% CI 95% CI

Sex 1,310 1.08 0.92 1.26 0.34 1.1 0.99 1.21 0.08

Age

Younger than 47 1.91 1.62 2.23 <0.001 0.67 0.6 0.74 <0.001

Geographic area 1,329

Center of Italy 2.2 1.84 2.63 <0.001 0.61 0.55 0.68 <0.001

South of Italy 2.25 1.8 2.82 <0.001 0.51 0.42 0.64 <0.001

Education level 1,329

Bachelor’s degree or higher 1.31 1.1 1.6 0.002 0.91 0.82 1 0.06

Type of employment 1,020

Employee 0.97 0.8 1.18 0.801 0.95 0.84 1.06 0.365

Working as healthcare professional 1,329 1.55 1.34 1.8 <0.001 0.8 0.72 0.9 <0.001

Knowing someone who had suffered from severe reaction after mRNA 
COVID-19 vaccination

Knowing someone who had suffered from severe reaction after viral 
vector COVID-19 vaccination

0.1 0.076 0.14 <0.001

Having trust in institution 1,329 16.6 12.24 22.52 <0.001 0.04 0.03 0.07 <0.001

 n: number; RR: relative risk; CI: confidence interval.
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cine was licensed and used about a year after the others. 
In our sample, 10.6% and 9.1% reported greater confi-
dence in the protein subunit vaccine than in the mRNA 
vaccine and the viral vector vaccine, respectively. This 
could be explained since it uses a traditional vaccine 
technology platform.

Our study showed that 63.9% of respondents had 
confidence in vaccines in general, but less than half re-
ported confidence in COVID-19 vaccines. This may be 
due to the rapid development and approval of COV-
ID-19 vaccines [42] which may have reduced the popu-
lation’s trust in their safety and efficacy. Indeed, trust is 

the main factor that contrasts vaccine hesitancy and in-
fluences vaccine acceptance [43]. Although the survey 
found a high percentage of people who do not believe 
in the safety of the anti-COVID-19 vaccination, Italy 
is one of the European countries with the highest per-
centage of the population that has received a full cycle 
(two doses of vaccine). A possible explanation for this 
discrepancy could be attributed to the mandatory vac-
cination that was introduced by the Italian government 
[44]. Furthermore, the way the benefits of vaccination 
were communicated, particularly to those who were 
undecided, may have played a role in shaping public 

Table 4
Multiple regression analysis of variables associated with personal beliefs about the safeness of COVID-19 vaccines

Variables Perceived vaccines safety
Perceived mRNA 

COVID-19 vaccines safety
Perceived protein subunit 
COVID-19 vaccines safety

RR Lower Upper p value RR Lower Upper p value RR Lower Upper p value

95% CI 95% CI 95% CI

Age

Younger than 47 1.12 1.02 1.23 0.009 1.08 0.99 1.18 0.074 1.16 1.03 1.33 0.019

Geographic area

Center of Italy 1.1 1 1.2 0.039 1.16 1.05 1.28 0.001 1.29 1.11 1.49 0.001

South of Italy 0.98 0.87 1.11 0.833 1.13 1.1 1.27 0.034 1.26 1.06 1.48 0.006

Education level

Bachelor’s degree or higher 1 0.91 1.11 0.862 0.99 0.91 1.09 0.976 1.09 1.12 1.26 0.195

Type of employment

Employee 0.99 0.9 1.08 0.953 1.01 0.94 1.1 0.756 0.98 0.87 1.1 0.788

Knowing someone who had suffered 
from severe reaction after mRNA 
COVID-19 vaccination

0.31 0.19 0.48 <0.001

Knowing someone who had suffered 
from severe reaction after viral vector 
COVID-19 vaccination

Working as healthcare professional 1 0.93 1.09 0.891 1.04 0.96 1.11 0.334 1.07 0.94 1.17 0.359

Having trust in institution 2.16 1.96 2.37 <0.001 6.66 4.13 10.69 <0.001 6.7 5.39 8.74 <0.001

Variables

Perceived viral-vector  
COVID-19 vaccines safety

Perceived COVID-19  
vaccination as a higher risk  

than the disease itself

RR Lower Upper p value RR Lower Upper p value

95% CI 95% CI

Age

Younger than 47 1.13 0.99 1.29 0.065 0.91 0.85 0.98 0.009

Geographic area

Center of Italy 1.2 1.05 1.4 0.01 0.88 0.82 0.96 0.04

South of Italy 1.13 0.93 1.35 0.187 0.86 0.76 0.98 0.035

Education level

Bachelor’s degree or higher 1.07 0.91 1.22 0.356 1.02 0.94 1.08 0.694

Type of employment

Employee 0.97 0.8 1.18 0.801 0.91 0.76 0.98 0.012

Knowing someone who had suffered from severe reaction after mRNA 
COVID-19 vaccination

Knowing someone who had suffered from severe reaction after viral  
vector COVID-19 vaccination

0.35 0.24 0.52 <0.001

Working as healthcare professional 1.09 0.98 1.2 0.166 0.99 0.92 1.06 0.774

Having trust in institution 9.2 6.01 13.8 <0.001 0.05 0.03 0.08 <0.001

RR: relative risk; CI: confidence interval. Bold values indicate statistically significant results, with p-values less than 0.05 considered significant.
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confidence. Research conducted in Italy indicates that 
clear communication can significantly improve percep-
tions of vaccine safety and efficacy, addressing concerns 
and uncertainties that may arise [21, 45].

Predictors of higher perceived safety for vaccines 
in general and anti-COVID-19 vaccine, in particular, 
include living in Central Italy compared to Northern 
Italy. This is consistent with the exceptionally low vac-
cination coverage in some regions, most notably Friuli 
Venezia Giulia or the province of South Tyrol [46], al-
though it should be noted that these two regions col-
lectively have a small population compared to the total 
population of Northern Italy (1,800,000 compared to 
27,500,000 inhabitants).

Individuals in Central and Southern Italy reporting 
higher vaccine confidence may be influenced by various 
factors, such as cultural attitudes, local public health 
campaigns, or differences in healthcare infrastructure. 
Historically, these regions might have experienced 
more targeted outreach or communication strategies 
emphasizing vaccine benefits, particularly during recent 
public health emergencies. Additionally, sociopolitical 
dynamics or trust in local healthcare authorities might 
vary, contributing to these regional disparities.

Other predictors of greater perceived safety regard-
ing vaccines in general and anti-COVID-19 in particu-
lar relate to young age (under 47 years) and having trust 
in institutions. In particular, in our survey, trust in insti-
tutions appears to be the most important factor posi-
tively associated with vaccine acceptance and with the 
belief that contracting the disease represents a greater 
risk than getting vaccinated. Indeed, in line with the 
WHO’s 3 Cs model, vaccine confidence affects not only 
vaccines as drugs (vaccine safety) but also trust in vac-
cinators and health professionals (health worker com-
petence) and politicians responsible for public health 
decisions and is intimately related to vaccine hesitancy 
(adequacy of the delivery system) [17, 47].

Lack of confidence is related to the level of impor-
tance and effectiveness attributed to vaccines; on the 
other hand, perceived risk relates to a lack of confidence 
in vaccine safety and concern about adverse events fol-
lowing immunization, which plays a role in vaccine hesi-
tancy and uptake [48, 49].

Indeed, a significant finding concerns the negative as-
sociation between those who have personally known in-
dividuals who have developed serious adverse reactions 
following the administration of one of the anti-COV-
ID-19 vaccines and their feeling of trust in the same 
vaccine. In our survey, many people apparently know 
people who have had a serious reaction to the vaccina-
tion; however, this perception is not confirmed by the 
Italian Medicines Agency (Agenzia Italiana del Farma-
co, AIFA) pharmacovigilance data. According to the 
report on the surveillance of anti-COVID-19 vaccines 
produced by AIFA in 2022, most of the reported ad-
verse events are classified as non-serious (about 81.3%) 
and to a lesser extent serious (18.7%). The finding that 
a significant proportion of respondents know someone 
who has suffered a serious adverse reaction underscores 
a critical aspect of vaccine perception. Personal connec-
tions to such events can amplify fears about vaccination, 

fostering increased hesitation. Social networks further 
exacerbate this phenomenon, as awareness of adverse 
reactions within one’s social circle often decreases trust 
in vaccines and health authorities. This highlights the 
importance of addressing personal narratives in public 
health communication to mitigate fear and misinfor-
mation effectively. Understanding how these dynamics 
influence vaccine perception is crucial for developing 
targeted communication strategies [50].

The distribution of reports by vaccine type follows 
the distribution of administrations: 81.3% for mRNA 
vaccines, 18.6% for viral vector vaccines, and 0.1% for 
protein subunit vaccines [51].

Vaccine hesitancy among health workers can be 
harmful for several reasons. In our survey, being a 
healthcare worker in univariate analyses showed an as-
sociation with a positive perception towards vaccine 
safety. However, this same association fails in multivar-
iate analysis. Action to improve health workers’ trust 
in institutions and in the safety of vaccines could lead 
to a higher acceptance rate [52]. Our study showed 
that people hesitant about vaccination seem to have 
certain characteristic traits, among which we found, in 
addition to distrust of institutions, a low perception of 
danger towards the disease and an extreme fear of ad-
verse events. These aspects have also emerged in other 
studies [47, 53]. Factors contributing to vaccine trust 
are multiple: trust in health systems, manufacturers, in-
stitutions, information, and perceptions of the impor-
tance, safety, and efficacy of vaccines [54]. Analyzing 
factors related to vaccine acceptance is crucial to guide 
public health activities, which is the reason we decided 
to conduct a study based on an online questionnaire to 
assess in an adult population sample vaccine hesitancy 
and confidence.

WHO recently stated how infodemic and misinfor-
mation are able to negatively influence people’s health 
behaviors [55]. It is a fact that those who did not vac-
cinate were those who suffered the most severe con-
sequences of COVID-19 disease, constituting the ma-
jority of hospitalized cases [56]. Those who filled out 
this online survey are the same people who seek infor-
mation through websites, social networks, and online 
search engines. Therefore, it is hoped that the effects 
of the infodemic and online health misinformation can 
be countered by improving awareness campaigns and, 
above all, by enhancing people’s digital and health lit-
eracy. This task is precisely fulfilled by institutions, al-
though the population does not always have full trust 
in them. Those who do not trust institutions probably 
do not trust the health authorities’ decisions regarding 
health either. Primary prevention, particularly vaccina-
tion, represents the most powerful tool available to lo-
cal and global health decision-makers for preventing the 
spread of disease and improving the outcome of those 
infected. The promotion and dissemination of reliable 
health information are of paramount importance for 
governments and health authorities to counter false or 
misleading health information spread on social media. 
It is critical to counter false or misleading information.

Our study has several limitations. It is necessary to 
consider the possibility of selection bias. Our ques-
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tionnaire was distributed predominantly online, using 
social platforms and comments on posts regarding 
anti-COVID-19 vaccination. This approach may have 
attracted a sample that was not representative of the 
general population, favoring the participation of in-
dividuals with a particular interest, opinion or emo-
tional involvement regarding vaccines. Consequently, 
the level of trust expressed in our sample, especially 
towards anti-COVID-19 vaccines, may not accurately 
reflect the perception of the entire Italian population. 
It is therefore plausible that this bias influenced our re-
sults, underlining the need to conduct further research 
with more representative samples and different data 
collection methods to verify our conclusions.  Finally, 
ours is a cross-sectional study, which takes a snapshot 
of the community response at a specific time in the 
SARS-CoV-2 pandemic. The feelings and beliefs about 
COVID-19 vaccines might change over time. A fur-
ther limitation of the study is that the survey focused 
on perceptions of vaccine safety and did not include 
comprehensive measures of vaccine hesitancy, such as 
complacency and convenience. Still, we evaluated vac-
cine safety perception as a proxy for vaccine hesitancy. 
Further studies are needed and should incorporate 
validated multi-item scales to assess these additional 
dimensions. The questionnaire was administered one 
year after the start of the vaccination campaign in Italy, 
so news about vaccination, alleged adverse reactions, 
and the evolution of the pandemic may have influenced 
perceptions toward vaccines.

Despite these limitations, including the non-repre-
sentativeness of the sample due to the high percentage 
of healthcare workers and highly educated individuals, 
our findings are novel and interesting. By exploring the 
level of confidence in vaccine formulations, we incorpo-
rated the concept of an individual’s experience, which 
is related to the feeling of trusting in the good qualities 
of vaccines. While our data do not represent the gen-
eral population, they highlight an important phenom-
enon that deserves further research and attention. In 
this way, our findings can contribute to a better under-
standing of people’s attitudes towards different vaccine 
technologies and inform future studies. However, it is 
essential to balance this individualised perspective with 
a broader public health approach. While recognition of 
individual concerns and preferences can improve vac-
cine uptake at the micro level, public health strategies 
must emphasise equity of access, consistency of com-
munication and evidence-based guidelines for vaccine 
safety and efficacy. This dual perspective ensures that 
individual confidence in vaccines is strengthened with-

out compromising the collective goal of achieving wide-
spread immunity by balancing public health resources 
and priorities. With the evolution of the epidemic, it 
will be increasingly important to understand people’s 
attitudes toward vaccinations and their level of confi-
dence in order to construct well-designed communica-
tion campaigns.

CONCLUSIONS
Factors related to vaccine confidence and vaccine 

hesitancy indicate that among people who generally 
consider vaccines safe, there is a proportion who do not 
place the same trust in anti-COVID-19 vaccines. These 
findings underscore the need for further research into 
the drivers of vaccine perceptions, especially regarding 
different vaccine technologies, and should be consid-
ered primarily as an indicator of a phenomenon rather 
than a comprehensive representation of the general 
population.

There are factors, especially trust in institutions, as-
sociated with perceptions of safety toward anti-COV-
ID-19 vaccines; therefore, it will also be important to 
take these aspects into account to guide future com-
munication activities aimed at achieving SARS-CoV-2 
pandemic control and public health goals.

It is important for policymakers to understand the 
factors related to vaccine confidence and hesitancy. Al-
though our data are not representative of the general 
population, they provide an initial exploration of a criti-
cal phenomenon and stress the need for more extensive 
research. This study can help in understanding how to 
target vaccination and communication campaigns more 
effectively to counter the circulating infodemic and en-
sure the highest possible vaccination coverage.
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Abstract
Background. Persons with autism spectrum disorder (ASD) may face significant chal-
lenges during transition from adolescence to adulthood. This phase necessitates tailored 
support to address all needs, underscoring the importance of a comprehensive life proj-
ect (LP) planning. This scoping review aims to identify methods and tools used in the 
development of LP for persons with ASD.
Methods. The preferred reporting items for systematic reviews and meta-analyses 
(PRISMA) extension for scoping reviews was used. The literature search was performed 
across Embase, Scopus, Web of Science, PubMed, CINAHL, and PsycINFO. The se-
lection process involved screening titles and abstracts, followed by full-text reading, data 
extraction, and narrative synthesis of findings.
Results. A total of 899 records were identified, and 8 studies were included in the review. 
Preference assessment and ecological balance emerged as crucial elements in developing 
LP.
Conclusions. This review highlights the importance of tools that accurately capture indi-
vidual preferences and support needs for persons with ASD but also reveals a gap in the 
literature concerning the development of tailored LP for this population.

INTRODUCTION
Autism spectrum disorder (ASD) is a neurodevelop-

mental disorder characterized by persistent and perva-
sive difficulties in social communication and by restrict-
ed and/or repetitive interests or behaviors which may be 
associated with different levels of disability [1]. Around 
the age of 18, in most European countries, a large pro-
portion of people with ASD receiving mental health 
care have to cross the artificial boundary between child 
and adolescent mental health services (CAMHS) and 
adult mental health services (AMHS) [2]. The term 
“transition” specifically refers to the period when young 
individuals move from CAMHS to AMHS.

Transition from CAMHS to AMHS may represent 
a challenge for transitional age youth with ASD [3], in 
particular for those presenting additional mental and 
physical health challenges [4, 5]. Transition refers to the 
planned process that addresses the medical, psychoso-
cial, educational, and vocational needs of adolescents 

and young adults with long term physical, neurodevel-
opmental and medical conditions as they move from 
child-centered to adult-oriented health-care systems 
[6]. Transition is crucial for adult life fulfillment, which 
may include: obtaining a job, post-secondary education, 
attending a day habilitation program or maybe living 
outside of the family home [7]. Transition necessitates 
planning to ensure that ASD individuals receive support 
and services they will need as adults [8]: for this pur-
pose, transition plans (TP) and life projects (LPs) are 
needed [9, 10]. TP is the document that outlines how 
transition should be managed, detailing the steps and 
support required to facilitate this change. TP is a com-
prehensive strategy designed to ensure that adolescents 
and young adults with long term physical, neurodevel-
opmental, and medical conditions, like ASD, receive the 
necessary support and services as they enter adulthood 
[11]. While TP encompasses a broad spectrum of needs 
and considerations, focusing on the individual’s person-
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al goals, preferences, and aspirations require additional 
planning, which in the Italian context is known as the 
LP. LP generally includes TP, referring to the broader 
process that goes beyond the immediate transition, 
encompassing all aspects of a person’s life from adoles-
cence onwards. The LP integrates educational, social, 
and professional goals, ensuring a comprehensive ap-
proach to an individual’s development and well-being. It 
is a person-centered approach that considers the unique 
strengths and challenges of the person with ASD. LP 
is developed collaboratively, involving the individual, 
their family/caregivers, and relevant professionals. De-
spite referring to different concepts, an overlap exists 
between TP and LP, due to the timing of the transition 
and its integration within the broader design of the fu-
ture LP. Both are crucial for ensuring a smooth and ef-
fective transition for ASD individuals as they navigate 
the challenging shift from child-oriented to adult-orient-
ed mental health services. The seamless integration of 
the TP within the larger LP is essential for supporting 
these individuals through transition from adolescence to 
adulthood. LP aims to a comprehensive, personalized 
approach designed to support the individual’s overall 
well-being, development, and integration into society 
across their lifespan. It encompasses various dimen-
sions, aims and activities of life, including education, 
employment, health, social connections, leisure activi-
ties, and living arrangements [12]. The goal is to ensure 
that ASD individuals can achieve the highest quality of 
life (QoL) possible, according to their desires, strengths, 
challenges, and needs. The LP concerns the ASD popu-
lation who, once they finish schooling (around age 18), 
find themselves having to reconsider and reorganize 
their daily lives, which the school institution previously 
contributed to manage and give structure to [13]. In do-
ing so, LP emphasizes the individual’s autonomy and 
personal definition of a fulfilling life [14].

Notably, in the Italian context, the concept of a LP 
has been particularly used during the transition from 
school to “adult life”. This transition is not a simply 
chronological progression but a real transformation that 
necessitates a comprehensive reevaluation and adapta-
tion of one’s daily environment. The development of 
a personalized LP can help in overcoming the critical 
nature of this phase [15]. Although much literature on 
the transition to adulthood for ASD population is pres-
ent [2, 6, 15-17], still little addresses issues around the 
concept, development and implementation of the LP 
[10]. In this context, Italian legislation has introduced 
specific measures to ensure greater autonomy and so-
cial integration for individuals, which further reinforced 
the concept of a LP. The Italian Law 112/2016, titled 
“Provisions on assistance for people with severe disabili-
ties lacking family support”, commonly known as the 
“after us law”, introduced for the first time specific pro-
tections for individuals with severe disabilities in Italy. 
The law aims to ensure maximum autonomy and inde-
pendence for people with disabilities, enabling them, 
for example, to continue living in environments as close 
as possible to their family home even when their par-
ents are no longer able to care for them. The goal is to 
ensure a high QoL in the community, in line with the 

principles of the United Nations’ Convention on the 
rights of persons with disabilities [18]. Thereafter the 
Italian State-Regions Unified Conference [19] on May 
10, 2018, concerning the “Update of the guidelines for 
the promotion and improvement of the quality and ap-
propriateness of care interventions in ASD” highlighted 
the need to train professionals to participate in the 
creation of individualized LP aimed at improving the 
QoL. The conference advocates for the incorporation 
of the LP into treatment strategies for ASD people, and 
to promote professional competencies for delivering 
therapeutic and habilitative/rehabilitative interventions 
based on the best available scientific evidence [20]. 
Moreover, in order to address social and healthcare 
needs of individuals with complex necessities, includ-
ing ASD people, the personal health budget (PHB) has 
been implemented in various European countries [21]. 
The PHB is an integrated social-health tool designed to 
align the individualized therapeutic program with LP, 
promoting social inclusion and autonomy [22]. Guide-
lines have been established to support the development 
of LPs focused on improving QoL. Each Italian region 
and autonomous province, through regional centers 
and networks of community mental health services, 
rare disease programs, and adult disability services, 
promotes differentiated pathways tailored to individual 
needs. These pathways are based on varying levels of 
support required, adaptive functioning, and any associ-
ated diagnoses [23]. The guidelines (linee di indirizzo) 
for Italian regions and autonomous provinces for for-
mulation of individualized LP, highlight the needs for 
its implementation [24, 25].

Overall the concept of a LP received increased at-
tention, particularly following the release of the 2023 
guidelines from the Italian National Institute of Health 
(Istituto Superiore di Sanità, ISS) [26]. At the moment 
there is an ongoing debate about the best assessments 
needed to support the development of LPs [23].

Recently the Italian government with the Legislative 
Decree 62 of May 3, 2024 introduced a comprehensive 
framework for defining disability conditions and estab-
lishing personalized LP for individuals with disabilities. 
This decree emphasizes a multidimensional assessment 
approach to create and implement individualized LP that 
focus on autonomy and social inclusion. Such legislative 
measures seem crucial for improving the QoL and pro-
moting the independence of individuals with ASD [27].

The development and validation of assessment tools 
to accurately measure the needs, strengths, and goals 
of ASD individuals is urgent [28]. These tools should 
be adaptable to the diversity in the clinical presentation 
of ASD and flexible enough to accommodate changes 
over time. From that perspective, integrating LP with 
care programs through a unified, person-centered ap-
proach is essential. The aim of this scoping review is to 
identify evidence on the principal assessment tools in 
LP development for ASD individuals.

MATERIAL AND METHODS
We used the preferred reporting items for systematic 

reviews and meta-analyses (PRISMA) extension for 
scoping review [29]. A comprehensive literature search 
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was performed across Embase, Scopus, Web of Science, 
PubMed, CINAHL, and PsycINFO, up to 11th April 
2024.

The search terms included key phrases related to 
ASD, assessment tools, LP and related concepts. Bool-
ean operators (AND, OR) were utilized to refine the 
search queries. The search string was defined and ap-
proved by the chief librarian from the authors’ institu-
tion, who supervised its adaptation across the various 
databases searched. Details on the search strategies are 
shown in Table 1.

The selection of studies was done by a single review 
Author (GF) using the web software Rayyan for the 
screening part of titles and abstracts. Rayyan’s artificial 
intelligence (AI) tool aided in the screening process by 
learning from screening decisions made on a subset of 
articles. Once at least 50 studies have been manually re-
viewed, Rayyan’s AI calculates the probability of inclu-
sion or exclusion for each remaining undecided article 
[30, 31]. Rayyan assigns each record with one of the 
following ratings: 0.5 stars, 1.5 stars, 2.5 stars, 3.5 stars, 
or 4.5 stars. Records with a rating of 0.5 or 1.5 were 
considered ineligible according to the software guide-
lines available at the help center (https://help.rayyan.
ai) as the optimal choice for records screening. Previ-
ous reports, suggested that at the threshold of <2.5 for 
exclusion, Rayyan showed 100% specificity compared 
to human decision, resulting in a reliable tool for ex-
cluding ineligible records in the screening process [32]. 
Selection by full-text reading and data extraction was 
performed by the same researcher (GF). An expert re-
viewer supervised the entire phase of study selection 
and data extraction. For each study, data were extract-
ed regarding the study design, reported aims, country, 
LP, evaluation tool, and main results.

Inclusion and exclusion criteria
Studies were included if they focused on developing 

LP for individuals of any age (both minor and adults) 
diagnosed with ASD according to diagnostic and statis-
tical manual of mental disorders or international clas-
sification of diseases [33, 34], and explicitly discussing 
the assessment tools employed. All types of studies 
published in peer-reviewed journals were considered 
for inclusion. We excluded reviews and book chap-
ters as these are not primary publications, conference 
abstracts and dissertations as these are not generally 
peer reviewed. Although no language or publication 
date restrictions were applied in the initial search, only 
English-language full texts were considered in the eligi-
bility stage to ensure inclusion of studies accessible to 
an international audience. Studies that only addressed 
transition phases without mention to TP or LP and 
studies involving participants with different diagnoses 
than ASD (e.g., attention deficit hyperactivity disorder) 
were also excluded.

Data extraction
Data extraction was performed by one review Author 

(GF) using a predefined form which was verified by a 
second reviewer [35]. Extracted information included 
study design, participant characteristics, LP assessment 
tools, and key findings related to the effectiveness of 
the tools in the LP development, realization and on-
going adaptation. Any discrepancies or uncertainties 
during the extraction process were resolved through 
discussions with the second review Author (GMG). 
A narrative synthesis approach was then employed to 
summarize and analyze the identified assessment tools. 
This involved categorizing the tools based on their focus 
areas, such as educational goals, life skills, and commu-
nity integration.

Quality assessment
The quality of the included studies was assessed using 

the Joanna Briggs Institute (JBI) critical appraisal tools 
[36]. One review Author (GF) conducted the initial as-
sessment, and the results were checked by a second re-
view Author (MM) to ensure accuracy and consistency 
in the evaluation.

RESULTS
The first search identified 899 records. After dupli-

cate removal 640 were eligible for screening. Following 
a preliminary screening of 50 records performed by a 
researcher to train the software, the subsequent screen-
ing was automated in Rayyan. Records with a rating of 
0.5 or 1.5 were considered ineligible [32]. A total of 312 
records remained and were screened by a human re-
searcher (GF) on the title and abstract. Following this, 
57 full texts were assessed for eligibility, leading to the 
selection of 8 studies which were included as the foun-
dational literature for this paper. Most of the excluded 
studies (n=30) primarily focused exclusively on the 
transition period but not on LP or were based on the 
experiences of individuals with ASD or their caregiv-
ers, were therefore because “out of topic”. Additionally, 
many of the excluded studies were dissertations or book 

Table 1
Database search strategy

Database Search strategy 11th April 2024

Embase (‘life plan’ OR ‘personal development plan’ 
OR ‘life roadmap’ OR ‘person-centered 
plan*’ OR ‘support plan*’ OR ‘transition 
plan*’ OR ‘life project’) AND ‘autism’/exp

Web of Science “Life Plan” OR “Personal Development Plan” 
OR “Life Roadmap” OR “Person-Centered 
Plan*” OR “Support Plan*” OR “Transition 
Plan*” OR “life project”

Scopus “life plan” OR “personal development plan” 
OR “life roadmap” OR “person-centered 
plan*” OR “support plan*” OR “transition 
plan*” OR “life project” + “autism” OR “autism 
spectrum disorder”

CINAHL & PsycINFO (“Life Plan” OR “Personal Development Plan” 
OR “Life Roadmap” OR “Person-Centered 
Plan*” OR “Support Plan*” OR “Transition 
Plan*” OR “life project”) AND (“Autism” OR 
“Autism Spectrum Disorder”)

PubMed (“Life Plan” OR “Personal Development Plan” 
OR “Life Roadmap” OR “Person-Centered 
Plan*” OR “Support Plan*” OR “Transition 
Plan*” OR “life project”) AND (“Autism” OR 
“Autism Spectrum Disorder”)

https://help.rayyan.ai
https://help.rayyan.ai
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chapters, leading to their exclusion based on publica-
tion type (n=18). The PRISMA flowchart summarizing 
the selection process is shown in Figure 1.

For each study included in the review, data on the 
aim of the study, type of study, tools used for the LP 
and the main results were extracted and summarized 
in Table 2. The included studies display a wide range 
of methodologies and objectives, emphasizing the com-
plexity and individualized nature of planning LP for in 
the context of ASD.

All included studies were published after the year 
2000. Four were published between 2000 and 2010, 
two between 2010 and 2020, and the remaining two 
after the 2020. Seven out of the eight studies focused 
on the descriptive analysis regarding the LP, with only 
one study including participant data. Three studies 
were purely descriptive, three were conceptual analyses, 
one was a commentary, and the remaining one used a 
mixed-method design. Four studies addressed the topic 
of LP only for adults, three for adult and adolescents of 
which two considered also children, and one exclusively 
focused on adolescents.

Five studies out of eight used “person-centered plan-
ning“ (PCP) [37-41]. Two Italian studies used “life proj-
ect” [10, 42] and the last one [43] used the individual-
ized education program (IEP). IEP is a term often used 
to refer to school programs [44], but in that paper, it is 
used in reference to post-school programming.

All the studies emphasize the importance of personal-
ized design, which should be tailored to the individual’s 

characteristics, such as adaptive functioning and con-
text, as well as the person’s preferences. Ecological Bal-
ance, as an integrative tool for the assessment of the 
needs of an ASD individual, is mentioned in two stud-
ies out of eight [10, 37]. The “ecological life balance” 
serves as an integrative tool designed to harmonize vari-
ous assessment systems and support methods for indi-
viduals with ASD and intellectual disabilities. The key 
components include: Assessment of Preferences and 
Values (procedures are tailored to accommodate the 
distinct characteristics of adaptive and communicative 
functioning in individuals with disabilities), Support 
Needs Assessment (tools for evaluating the support re-
quired by individuals to enhance their QoL promoting 
an “universal design” that accommodate different needs 
ensuring accessibility and inclusivity), Methods for de-
fining life goals (providing positive behavior support as 
an example) and Monitoring and Verification (for con-
tinuously assessing and verifying the outcomes of the 
support plans). Indirect screening measures like the 
systematic psychopathological assessment for persons 
with intellectual and developmental disabilities-general 
screening (SPAIDD-G) [45] and the Italian version of 
the diagnostic assessment for the severely handicapped 
revised (DASH II) [46] were also implied to better un-
derstand support needs. Moreover, to achieve health 
and behavioral needs, has been recommended to com-
plement these assessments with direct functional analy-
sis tools for behavior, such the experimental functional 
analysis methods [47].

Records identified from databases (n=6):

PubMed (n=79) Embase (n=121)
Web of Science (n=27) Scopus (n=212)

CINAHL & PsycINFO (n=460)

Records removed 
before screening:

duplicate records (n=259)

Records marked as ineligible
by automation tools (n=328)

Eligible records (n=640)

Screened records (n=312)

Full texts assessed for eligibility (n=57)

Included full texts (n=8)

Excluded records (n=255)

Records excluded: 
out of topic (n=30)

publication type (n=18)
language (n=1)

wrong population (n=0)
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Figure 1
PRISMA flow diagram of study selection for this review.
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Table 2
Synthesis of the main features of the studies included in the review

First 
Author, 
year

Title Country Focus of the study Publication 
type

Participants LP evaluation tool Main conclusion Quality 
assessed

Bui et al., 
2003 [40]

East meets West: 
analysis of PCP 
in the context of 
Asian American 
values

USA Evaluate the extent to 
which core values of 
PCP are consistent

Conceptual 
analysis

Child, 
adolescent 
and adult

Specific approaches 
are used: Individual 
service design, person 
future planning, 
essential lifestyle 
planning, whole life 
planning, McGill action 
planning system, path, 
group action planning

This paper 
emphasizes the 
importance of a 
value, culture-based 
PCP and highlights a 
gap in the literature 
about PCP for Asian 
American families

Low

Callicott et 
al., 2003 
[41]

Culturally 
sensitive 
collaboration 
within PCP

USA This article provides 
background, and a 
description of PCP 
based on process, 
components, and 
outcomes and 
examines each in 
relation to working 
with individuals 
and families of 
other cultures and 
languages

Descriptive 
study

Adult The components 
necessary for PCP to be 
conducted smoothly 
involve organizing 
the logistics for the 
meeting, developing 
a personal profile 
for the individual on 
structuring a future 
vision, developing 
action sets, providing 
support, and 
evaluating ongoing 
implementation. 
Regardless of the steps 
or tools used, the 
essential components 
of PCP offer open 
communication for all 
participants involved in 
the focus person’s life

The PCP effectively 
involves individuals 
with disabilities in 
planning their future 
by leveraging their 
strengths and needs 
and emphasizes 
the importance 
of cultural and 
linguistic sensitivity 
to enhance 
communication 
and support 
within families and 
communities

Low 

Cappa et 
al., 2020 
[42]

Network 
of services 
facilitating and 
supporting job 
placement for 
people with 
autism spectrum 
disorders. The 
experience of 
the ASL Piacenza, 
Italy

Italy Describe how 
to integrate job 
opportunity and LP 
for ASD individuals in 
ASL Piacenza, Italy

Descriptive 
study

Adult Three different paths 
based on individual 
functioning: a) 
internship; b) social co-
operative job fair and 
c) individual placement 
and support

Psychiatric services 
must be able to 
provide different 
types of job 
opportunities and 
the possibility to 
switch from one to 
another when the 
patient desires it

Low

Corti et al., 
2023 [10]

The life project 
of people with 
autism and 
intellectual 
disability: 
investigating 
personal 
preferences 
and values to 
enhance self-
determination

Italy Describe the six 
key phases and 
the corresponding 
evaluation to establish 
and implement 
the life project for 
people with ASD and 
intellectual disability, 
as conceptualized by 
the Italian Society of 
Neurodevelopmental 
Disorders

Descriptive 
study

Adult 1. PA; 2. assessment of 
necessary supports; 
3. ecological life 
balance; 4. definition 
of existential goals; 
5. implementation 
of the support plan; 
6. monitoring and 
verification

The development 
of LP for individuals 
with ASD and 
intellectual 
disabilities is 
essential for 
enhancing their 
quality of life, 
considering 
their unique 
communication and 
adaptive challenges.
The LP 
implementation 
involves a detailed 
process of assessing 
preferences, values, 
support needs, 
and utilizing tools 
like the ecological 
life balance to 
harmonize the 
project.
Continuous 
monitoring and 
evaluation of 
outcomes are critical 
to ensure that the 
LP remain aligned 
with the individual’s 
goals

Low

Continues
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Table 2
Continued

First 
Author, 
year

Title Country Focus of the study Publication 
type

Participants LP evaluation tool Main conclusion Quality 
assessed

Hagner et 
al., 2014 
[39]

PCP for transition-
aged youth with 
ASD

USA Explore the 
effectiveness and 
adaptability of PCP for 
transition-aged youth 
with ASD

Mixed-
method 
design

Adolescent
47 
participants 
enrolled from 
high schools 
in New 
Hampshire 
and Maine

The study includes 
an observational 
checklist called “How 
person-centered was 
this planning?” to 
assess the fidelity of 
the planning process. 
This checklist is used 
to ensure that the 
planning meetings are 
substantially person-
centered. The checklist 
involves assessing 
various aspects of the 
meeting, including 
the extent to which 
the individual’s 
preferences and 
choices are prioritized, 
the participation 
of the individual in 
setting goals, and 
the inclusivity of the 
meeting atmosphere

PCP can be 
effectively utilized 
for transition 
planning with 
ASD people. The 
process allowed 
these individuals to 
actively participate 
in developing 
their transition 
goals. Evidence of 
accommodation 
strategies was found 
for 29 participants 
(62%). There 
was a tendency 
for participants 
with lower levels 
of adaptive 
behavior to use 
accommodations 
more frequently, 
although this 
difference was 
not statistically 
significant

Medium

Kim et al., 
2004 [38]

Shifting toward 
person-family 
interdependent 
planning

USA Provide an overview 
of person-centered 
planning and family-
centered planning 
approaches for young 
adults with severe 
ID linked to ASD, 
and propose a new, 
integrated approach 
called person-family 
interdependent 
planning

Conceptual 
analysis

Adolescent 
and adult

Person-family 
interdependent 
planning should 
use comprehensive 
policies and programs 
providing social, 
emotional, and 
financial supports for 
young adults focusing 
on values with severe 
ID linked to ASD and 
their families should be 
implemented

Person-family 
interdependent 
planning 
approaches 
emphasize thinking 
about transitions 
into adulthood from 
the perspectives 
of persons with 
disabilities and 
caregiver

Low

Renzaglia 
et al., 2003 
[37]

Promoting 
a lifetime of 
inclusion

USA Assist parents and 
professionals in 
developing effective 
educational programs 
that promote a 
lifetime of successful 
inclusion for 
individuals with severe 
disabilities including 
ASD with ID

Conceptual 
analysis

Child, 
adolescent 
and adult

PCP tool includes an 
ecological inventory 
process, self-
determination values 
(focusing on teaching 
individuals to engage 
in goal-directed, 
autonomous behavior 
through personalized 
instruction and 
supportive 
environments). Positive 
behavior support 
is incorporated, 
using thorough 
functional assessments 
regular reviews and 
adjustments, along 
with feedback from 
individual and their 
network

PCP and ecological 
assessment create 
an individualized 
picture of a person’s 
goals and skills, 
and the supports 
needed to help 
reach meaningful 
goals

Low

Tullis et al., 
2019 [43]

Incorporating PA 
into transition 
planning for 
people with 
autism spectrum 
disorder

USA Overview of the TP 
process, as well as 
how PA may enhance 
that process

Commentary Adult Systematic PA involve 
direct observation of 
learner behavior to 
determine preferred 
items or activities and 
are valuable tools to 
determine preferred 
stimuli for learners with 
ASD across a variety 
of environments 
(e.g., school, clinic, 
community)

PA and 
opportunities 
to express those 
preferences (i.e., 
choice) are one 
central component 
for the inclusion of 
people with ASD

Low

ASD: autism spectrum disorder; ASL: azienda sanitaria locale (local health unit); ID: intellectual disability; LP: life project; PA: preference assessment; PCP: person 
centered planning; TP: transition plan; USA: United States of America.
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One article focused specifically on different paths 
to ensure employment [42]. The difference between 
three different ways of supporting employment in the 
Italian context based mainly on individual level of func-
tioning was the specific framework discussed in the 
paper. These were: (1) internship which offers a practi-
cal work experience in a structured setting; (2) social 
co-operative jobs fair which provide opportunities for 
employment within cooperative social enterprises and 
(3) “Individual Placement and Support”, a tailored job 
placement with ongoing support to ensure success in 
the free market workplace.

Hagner and colleagues showed that a PCP can be 
developed through a series of six meetings, guided by 
a specific checklist covering the following topics: intro-
duction and personal history, career profile (skills, ac-
complishments, and personal qualities), career profile 
(preferences and aspirations), vision for the future, re-
sources and barriers, transition and career goals, and 
career exploration and work experience action steps 
[39].

Three studies utilized personal values as an inner 
point to guide the PCP [38, 40, 41]. The first study 
presented the person-family interdependent approach, 
where both individual and family values contributed to 
shaping shared goals and enhancing overall QoL. The 
second emphasized culturally sensitive PCP, leveraging 
personal and cultural values to bridge communication 
gaps and foster inclusion. The third highlighted values 
within a cultural framework as a foundational element 
in developing effective PCP. Instead Tullis and col-
leagues more specifically focused on systematic pref-
erence assessments (SPAs) [43]. SPAs use direct ob-
servation of the behavior to identify preferred items or 
activities and serve for determining preferred stimuli for 
individuals with ASD across various environments (e.g., 
school, clinic, community).

PCP include different assessments helpful to high-
light individuals needs and supports. Some examples are 
individual service design, person future planning, essen-
tial lifestyle planning, whole life planning, McGill action 
planning system, and group action planning. Although 
these are not direct or indirect measures, these can be 
used as a conceptual framework for developing a PCP 
by inspiring non-traditional strategies [40]. As such they 
ensure that PCP are focused on desires and preferences 
of the individual with higher needs and the collaborative 
efforts of those who care about them [48]. The individ-
ual is placed in the center of the planning process, with 
family members and close friends serving as key authori-
ties in guiding the direction of their life [49].

One study also includes an observational checklist 
called “How person-centered was this planning?” to as-
sess the fidelity of the planning process [39]. This cri-
terion-referenced checklist ensures that planning meet-
ings are substantially person-centered, with a score of 
20 serving as the threshold to identify a PCP process. 
The checklist involves assessing multiple aspects of the 
meeting, including the extent to which the individual’s 
preferences and choices are prioritized, the participa-
tion of the individual in setting goals, and the atmo-
sphere of inclusivity of the meeting atmosphere.

The quality of the included studies was assessed using 
the JBI critical appraisal tool. Overall, the studies re-
sulted of low, except one study which was rated as me-
dium quality [39]. Notably, this study was the only one 
involving human participants and using a mixed-meth-
od design. The low quality across studies was primarily 
due to low scores in the items related to the alignment 
of methodology with objectives, researcher-research 
neutrality and inadequate participant representation.

DISCUSSIONS
The aim of this scoping review is to identify evidence 

concerning methods and assessment tools helpful in the 
development of LP for ASD individuals.

The transition into adulthood means to become ready 
for several changes [50]. Transitioning typically involves 
moving from the structured environment of school to 
the more self-directed world of adulthood [51, 52]. 
The transition includes several key areas, such as mov-
ing to the workplace, shifting from living with family to 
more independent living situations, transitioning from 
pediatric to adult healthcare services, and developing 
and maintaining social relationships outside the school 
environment [53]. This phase can be particularly chal-
lenging due to difficulties in social communication, 
sensory sensitivities, and the need for an organized rou-
tine [54]. Most of the excluded literature for this re-
view focused exclusively on the transition to adulthood 
as the movement from CAMHS to AMHS [15, 55]. 
Indeed, according to the findings published by Apple-
ton in 2019, only a quarter of these young individuals 
moved to AMHS, and another quarter continued to 
receive care from CAMHS despite exceeding the age 
limit [55]. The transition to adulthood is particularly 
challenging, due to both the continuing dependency 
of many young ASD adults on their caregivers and the 
frequent loss of the social support they received during 
their childhood and adolescence also by mental health 
and social services [56].

Accordingly, LP planning becomes an essential pro-
cess in order to ensure the optimal TP [57]. Moreover, 
TP and LP for ASD often overlap in several areas. For 
example, both emphasize a person-centered approach, 
tailoring strategies to the individual’s unique strengths, 
needs, and preferences [10, 16, 23]. TP often begin 
with goal setting, which is a core component of LP 
[58]. These goals might include further education, em-
ployment, or independent living [59]. Skills required 
for successful transition, such as self-advocacy, com-
munication, and daily living skills, are also essential for 
achieving long-term life goals [60]. Building and main-
taining a support network is crucial during the transi-
tion and throughout life, as these networks provide 
emotional, social, and practical support [61]. Both pro-
cesses require ongoing assessment and flexibility to ad-
just plans as needed [62]. On the other side LP is a pro-
active approach that involves setting goals and creating 
strategies to achieve a desired QoL [14]. A LP is not 
just about addressing immediate needs but also about a 
long-term path that includes personal, social, and pro-
fessional aspirations [63]. According to the literature, 
LP involves establishing personal milestones such as ed-
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ucation, employment, hobbies, and skills development 
[64]. It also requires to identify and build a network of 
support that includes family, friends, mentors and pro-
fessional services [12, 65]. Additionally the review sup-
port the inclusion, within the LP, of financial planning, 
maintaining physical and mental health through regular 
medical check-ups, pharmacological therapy, and a bal-
anced lifestyle [10, 37]. Finally the understanding and 
advocating for personal rights, including accommoda-
tions and anti-discrimination measures, also plays a 
pivotal role in LP [40]. In fact, as is widely acknowl-
edged, ASD presents significant lifetime social costs, 
including expenses for specialized education, adult care 
and productivity loss [66, 67]. Our review highlights a 
geographic imbalance on LP or PCP development in 
low- and middle-income countries. The prevalence of 
American studies may be due to an established research 
infrastructure and a substantial financial investment in 
autism research and support services [68, 69]. Resource 
allocation may partly explain why high-income coun-
tries place a greater emphasis on comprehensive PCP 
approaches [70]. In contrast, in low and middle-income 
countries ASD support primarily addresses basic care 
needs, with limited resources [71, 72]. Moreover, in 
low-to middle-income countries, using the same meth-
ods and strategies as high-income countries may not be 
advantageous, effective, or sustainable.

The studies included in the current review provide 
only an initial understanding of different approaches 
and methodologies to support the life planning of indi-
viduals with ASD. LP is the term used in Italy but PCP 
seems to be the term most used in literature [37-41]. 
PCP is defined as a process for selecting and organizing 
the services and supports that an older adult or a person 
with disability may need to live in the community [73]. 
Most important, it is a process that is directed by the 
person who receives the support. A PCP process aims 
to discover how an individual desires to live their life 
and what may be needed to make that possible, with 
the aim of influencing positive change in the person’s 
life and supporting services [74]. Similarly, the con-
cept of LP in the Italian context emphasizes planning 
and supporting an individual’s life needs [10, 14, 42]. 
Both frameworks prioritize the individual’s preferences, 
goals, and active involvement in the planning process. 
The LP, like PCP, seeks to empower individuals by fo-
cusing on their personal desires and ensuring that the 
necessary resources and supports are aligned to help 
them achieving their desired life. Thus, while the ter-
minology may differ, the core principles of enhancing 
personal autonomy, ensuring tailored support, and fos-
tering positive life changes are shared between the LP 
and PCP. The LP appeared particularly beneficial for 
individuals with intellectual disabilities associated with 
ASD, as they often require extensive support in various 
aspects of life [75], including educational, social, and 
professional needs. The current review emphasized the 
LP should ensure personalized assistance to enhance 
individual’s QoL and integration into society. Purposely 
the concept of QoL emerges as a pivotal construct in 
defining and guiding the implementation of LP, offer-
ing a multidimensional lens through which individual 

well-being can be assessed and enhanced [10, 37-41, 
43]. Defining that construct requires more than one 
explanation. Individual QoL is a multidimensional con-
struct composed of core domains influenced by person-
al characteristics and environmental factors [76]. These 
core domains are the same for all people, although they 
may vary individually in relative value and importance 
[77]. Assessment of QoL domains is based on culturally 
sensitive indicators mostly related to perceptions, be-
haviors, and life conditions [78]. Adopting a QoL per-
spective may help services to understand what matters 
most to someone and how to make things better [79, 
80]. From this review several key components emerged 
as crucial for developing a comprehensive LP:
1. preference assessment: systematic preference assess-

ments involve direct observation of individual’s be-
havior to determine preferred items or activities. 
These assessments are valuable tools for identifying 
preferred stimuli for individuals with ASD across vari-
ous environments (e.g., school, clinic, community);

2. assessment of necessary supports: this involves identify-
ing the specific supports required for an individual 
to enhance their QoL. Tools for evaluating support 
needs ensure that individuals receive the appropriate 
assistance to achieve their goals;

3. ecological life balance: this tool adds various assess-
ment systems and support methods, focusing on 
achieving a balance that accommodates the distinct 
characteristics of adaptive and communicative func-
tioning in individuals with disabilities;

4. definition of existential goals: this step involves defin-
ing life goals that are meaningful and personalized, 
ensuring that the planning process aligns with the in-
dividual’s aspirations and desires;

5. implementation of the support plan: once goals are de-
fined, a detailed support plan is implemented, incor-
porating strategies like Positive Behavior Support and 
other tailored interventions;

6. monitoring and verification: continuous assessment and 
verification of the support plan’s outcomes are crucial 
to ensure that the individual’s goals are met and ad-
justments are made as necessary.
Ecological balance was frequently reported among 

the selected studies [10, 37]. However, research would 
benefit from a better definition and agreement of the 
specific elements of this concept. For instance, per-
sonal values as discussed in three papers [10, 37, 38], 
can lead to understanding ecological balance. Values 
are crucial because they form the philosophical foun-
dation of inclusion, which is essential for creating eq-
uitable, supportive, and empowering environments for 
ASD individuals [81]. These values emphasize equality, 
QoL and human rights, ensuring that ASD individuals 
can live lives similar to those without ASD, with access 
to the same opportunities and environments [82]. In a 
nutshell, LP could be defined by identifying supports, 
structures, and action plans suited to the individual’s 
preferences. Moreover, the importance of preference 
assessment for the development of LP was also fre-
quently discussed in the included studies [10, 43]. Pref-
erence assessment involved a multitude of procedures 
to determine preferred items or activities. Moreover, in 
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a therapeutic environment, a therapist might use these 
assessments to identify stimuli that can be used as posi-
tive reinforcement for clients working on behavior mod-
ification or skill development. Preference assessments 
can take various forms including direct observation, tri-
al-based methods that involve the presentation of pairs 
[83], groups of stimuli [84], or survey methods [85].

Future studies should aim to develop and validate 
assessment tools that are capable of accurately captur-
ing the complex and multifaceted nature of individual 
preferences and support needs through the LP process. 
Additionally, research should evaluate the long-term 
outcomes of LP implementation to determine their ef-
fectiveness and sustainability. This involves examining 
how LP plans influence clinical outcomes, QoL, inde-
pendence, and community integration for ASD adults. 
By tracking these factors over an extended period, re-
searchers could gain a deeper understanding of the true 
impact of LP and identify areas where improvements are 
needed. Assessing the cost-effectiveness of LP across 
diverse economic contexts and not only in high-income 
countries is essential. Given the global prevalence of 
ASD [86], future research should address this gap to 
provide a more comprehensive understanding of LP’s 
benefits worldwide. Follow-up studies are crucial, not 
only for monitoring the progress and effectiveness of 
the work done but also for identifying limitations and 
shortcomings of the planning process. Through continu-
ous assessment and adjustment, the LP process can be 
optimized to better support the long-term well-being 
and integration of ASD adults in the community. Future 
research should also aim to significantly improve articles 
quality. There should be a particular focus on improving 
methodological alignment, ethical rigor, and representa-
tion of participants’ voices. Adopting mixed-methods ap-
proaches, as demonstrated in studies like Hagner et al., 
could enhance methodological alignment by integrat-
ing quantitative data with qualitative insights [39]. To 
improve ethical value, studies might establish advisory 
boards that include stakeholders, such as ASD individu-
als and their families. Additionally, engaging individuals 
with ASD through participatory research methods, like 
focus groups or co-design sessions, would bring real-life 
perspectives, leading to findings relevant and applicable.

Several limitations of this review need to be acknowl-
edged. First, due to the context specific nature of the 
LP, each country may refer to it differently, and there 
may not always be a direct English translation. This 
variation in terminology could have led to a significant 

loss of information in the review. The different names 
and conceptual frameworks used across various cul-
tures and languages might have caused some relevant 
studies and approaches to be overlooked, potentially 
limiting the comprehensiveness of the findings. While 
the American PCP construct overlaps significantly with 
the Italian LP concept, integrating these diverse para-
digms as we did in this paper may lead to inconsisten-
cies and practical challenges. For example, the cultural 
contexts and theoretical foundations from which the 
PCP construct arose may affect the effectiveness of 
LPs tailored for individuals with ASD in Italy adopting 
the PCP approach. Second, in May 2024 in Italy, the 
release of Decree 62 [27] more clearly defines what an 
LP is within the context of national policy and practice. 
This decree provides a clearer framework for develop-
ing and implementing LPs, aiming to enhance the QoL 
for individuals with disabilities. However, this decree 
broadly refers to LP for people with intellectual disabil-
ity. Third, the selection of studies and data extraction 
were not conducted independently by two reviewers, 
which could increase the risk of selection bias [87]. 
Fourth the inclusion of primarily conceptual studies 
and only one study involving ASD participants limited 
the applicability of the findings to real-world scenarios. 
Sixth, the review was restricted to studies published in 
English, potentially overlooking relevant research in 
other languages. Finally, the small number of studies 
included in the review limited the generalizability and 
robustness of the conclusions.

CONCLUSIONS
Our results pointed out that there were few studies 

focusing on the LP for people with ASD, on its defini-
tion and how to develop it. The lack of studies specifi-
cally addressing the development and implementation 
of LP for individuals with ASD underscores a critical 
gap in the current research landscape. Despite the rec-
ognized importance of tailored TP and LP development 
for enhancing the QoL and autonomy of individuals 
with ASD, there remained a significant need for more 
comprehensive, evidence-based approaches to guide 
these processes effectively.
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Abstract
Background. Understanding pathogenetic background and risk factors is the primary 
step to a better behavioral and psychological symptoms of dementia (BPSD) manage-
ment. To this aim, this exploratory study is designed to sketch some indicative correla-
tions between BPSD severity and vascular, genetic and cognitive variables.
Methods. A retrospective cross-sectional study conducted on medical reports of 135 
Alzheimer Dementia (AD) patients from two memory clinics. Each subject underwent 
clinical examination and brain Magnetic Resonance Imaging (MRI), mini mental state 
examination (MMSE) and behavioral assessment using the neuropsychiatric inventory 
(NPI). This real-world cross-sectional study aimed to correlate the load of white matter 
lesions and global vascular compromise with clinical assessment. In addition, apolipo-
protein E (ApoE) genotype was checked in 92 patients. Data were analysed performing 
Spearman correlation and principal component analysis (PCA).
Results. BPSD severity was independent from cognitive impairment, vascular impair-
ment, white matter lesions and ApoE status. 
Conclusions. Our results do not confirm the possible role for vascular impairment in 
BPSD severity as previously reported. Studies focusing on different biological features in 
relation to other structural, psychosocial and environmental factors are needed in order 
to get a more reliable model.
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INTRODUCTION
Cognitive impairment in Alzheimer’s disease (AD) 

has been extensively studied from a clinical, biological 
and anatomical point of view [1, 2]. In contrast, the 
causes of behavioral and psychological symptoms of de-
mentia (BPSDs) in AD are not so well known, although 
BPSDs affect nearly all patients with AD during their 
disease history, and they increase the risk for institu-
tionalization and caregiver burden [3, 4]. Agitation, 
aberrant motor behaviour, anxiety, euphoria, irritabil-
ity, depression, apathy, disinhibition, delusions, hallu-
cinations, and sleep or appetite disturbances are the 
most reported BPSDs [1], and their treatment is often 
problematic [1, 5]. Accurate knowledge of predictors 
of BPSDs could help clinicians identify patients at risk, 
use preventive strategies and provide patients with ap-
propriate timely care.

Since the detection and assessment of BPSDs are often 
based on caregivers’ reports, previous studies have tried 
to further examine the burden on caregivers in order to 
better assess the onset, severity and nature of BPSDs 
[6]. On the other hand, many studies have analysed the 
correlations between biological factors and BPSD (gen-
eral genetic risk factors), comorbidities (general vascular 
damage) and burden of white matter lesions [7].

The genetic background has been considered one of 
the main factors responsible for the predisposition of 
patients with AD to BPSDs [8]. Indeed, AD is spo-
radic in most cases, but there are also familial forms 
due to specific genetic mutations. However, it has long 
emerged that the main genetic risk factor for sporadic 
AD is a precise allele in the apolipoprotein E (ApoE) 
genotype [9]. The gene is found in the chromosome 
19 and has three different allelic forms: ApoE-epsilon 
2(e2), ApoE-epsilon 3(e3) and ApoE-epsilon 4(e4). As 
reported in a seminal meta-analysis, there is a clear as-
sociation between the ApoE(e4) and AD. The presence 
of the ApoE e4 allele (e2/e4 or e3/e4) confers risk, and 
ApoE e4 homozygotes (e4/e4) have an increased risk 
compared with heterozygotes, whereas ApoE2 (e2/e4 
or e2/e3) is protective against AD [10-12]. Further-
more, according to some studies, the e4 allele is associ-
ated with specific BPSDs in AD [8-12].

The contribution of vascular factors in the pathogen-
esis of BPSDs has also been studied. The risk of de-
veloping AD is known to be increased in patients with 
vascular diseases (such as high blood pressure, athero-
sclerosis), as well as in metabolic diseases such as type 
2 diabetes or hyperlipidemia [13]. Cerebrovascular 
disease and the burden of white matter hyperintensi-
ties (WMH) on the development of BPSDs have been 
later associated with anxiety, psychomotor agitation, 
and other neuropsychiatric symptoms in AD [7, 8-14]. 
Although previous literature showed conflicting results 
[15], understanding pathogenetic background and risk 
factors is the primary step to reach a better BPSDs 
management [16].

The aim of this study is to identify predictors of 
BPSDs using a multidisciplinary approach, in order to 
analyse the relationship between BPSDs severity and 
vascular risk factors, neuroimaging alterations, genetic 
markers and cognitive variables.

MATERIALS AND METHODS
A multicentre retrospective real-word cross-section-

al study based on outpatients’ clinical data from year 
2014 was conducted. The patients’ medical records 
came from two different Alzheimer Units: the Memory 
Clinic of Catholic University of Rome, and the Clinic 
for Memory and Cognitive Behavioural disorders of 
Sant’Eugenio Hospital of Rome. The outpatients’ med-
ical records were analysed and selected according to 
the presence of specific inclusion criteria: diagnosis of 
probable AD, as according at least to the National In-
stitute of Neurological and Communicative Disorders 
and Stroke and the Alzheimer’s Disease and Related 
Disorders Association (NINCS-ADRDA) criteria of 
1984 (as they were a common and reliable diagnostic 
method widely used, and because it required patients to 
undergo neuropsychological tests for the AD clinical di-
agnosis) [17]; suffering from BPSDs; having undergone 
a baseline cerebral MRI. Age, sex, education (in years), 
and vascular risk factors, including smoking (presence/
absence), alcoholism, cardiovascular disease (hyperten-
sion, stroke, diabetes, cerebral vascular disease, and 
thromboendarterectomy) were recorded for all patients. 
The scores of cognitive and behavioral tests, scales for 
the differential diagnosis between primary dementia 
and vascular dementia and scores to measure white 
matter lesions on MRI were recorded. The carriers of 
the apolipoprotein E e4 allele were identified (Table 1). 
Due to the outpatients setting, criteria were based pri-
marily on clinical indicators. Clinical data from 2014 
were found to be collected according to these criteria in 
both centers, making it possible to conduct a study with 
a standardized and consistent dataset across centers.

Cognitive deficits were assessed using the mini men-
tal state examination (MMSE), which is commonly 
used as part of the dementia diagnostic process. MMSE 
score ranges from 0 (maximum cognitive deficit) to 30 
(no cognitive deficit). It is necessary to correct the raw 
score based on variables potentially able to influence 
the result: age and years of schooling of the subject. A 
score of 24/30 or above is considered normal. As one 
falls below the threshold value of 24, cognitive impair-
ment is indicated, which can be severe if the score is 
≤9 points, moderate between 10 and 18 points, or mild 
between 19 and 23 points. In this study, patients with 
a MMSE score <24 were included [18]. MMSE adjust-
ment coefficients for age and education classes in the 
Italian population were used [19].

BPSDs were assessed using the neuropsychiatric in-
ventory (NPI) in the original version [20]. This test, 
through questions to the caregiver, investigates the fre-
quency (score from 0 to 4 points) and severity (score 
from 1 to 3 points) of psychotic, affective and behavior-
al syndromes in patients with dementia. The following 
items were evaluated: Delusions, Hallucinations, Agi-
tation/Aggression, Dysphoria/Depression, Anxiety, Eu-
phoria/Elation, Apathy/Indifference, Disinhibition, Ir-
ritability/Lability, Aberrant Motor, Nighttime Behavior, 
Appetite/Eating. The higher the score for each symp-
tom, the greater the severity, and the higher the overall 
score represents a greater severity of the BPSD. It also 
allowed us to evaluate the burden on the caregiver, for 
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the care burden was measured from 0 to 5 points, with a 
higher total score indicating a higher caregiver burden.

For the differential diagnosis between primary de-
mentia and vascular dementia the Hachinski Ischemic 
Score (HIS) was used. This is a 13-item clinical scale. 
Each item is assigned a score of 1 or 2, with the latter 
indicating a vascular form. A total score of 4 or lower 
indicates Alzheimer’s disease or a degenerative form, 
while a score between 5 and 6 suggests mixed dementia 
or an uncertain outcome. A score of at least 7 indicates 
vascular dementia. The presence of focal neurological 
symptoms was an important indicator of vascular de-
mentia in cases where there was doubt [21].

The white matter hyperintensity (WMH) burden was 
assessed using the Fazekas Score (FS). It classifies le-
sions according to their hyperintensity at the MRI ex-
amination. Lesions were characterized as 0 (absence of 
lesions), 1 (non-confluent lesions), 2 (confluent lesions) 
and 3 (widespread lesions) [22].

The MRI examinations were performed at different 
scanners (magnetic field range 1.0-3.0 Tesla), without 
contrast administration. To mitigate the possible con-
founding effect of using different scanners, axial T2- 
and T1-weighted MRI images were analysed separately 
and blindly by a neurologist from each memory clinic 
and only scans that both neurologists judged suitable 
for the application of the FS were used for the retro-
spective study.

In order to identify the carriers of the apolipopro-
tein E e4 allele, we extracted DNA from peripheral 
blood samples of 92 patients who gave consent for 
the examination. Genomic DNA was extracted by a 
standard salt-chloroform procedure [23] and it was 
amplified by a PCR in a thermal-cycler with specific 
oligonucleotide primers. The following primers were 
used according to previous literature: [24] upstream 
5’-TCCAAGGAGCTGCAGGCGGCGA-3’ and 
downstream 5’-ACAGAATTCGCCCCGCCTGGTA-
CACTGCCA-3’. PCR was performed as described in 
[25].

Patients were stratified according to the presence/ab-
sence of at least one e4 allele, and therefore divided in 
ApoE4 carriers (genotypes e2 e4+e3 e4+e4 e4) and non 
carriers (genotypes e2 e3+e3 e3). No e2 e2 genotype 
carriers were present in our sample.

The pairwise correlations between variables were as-
sessed using Spearman correlation analysis, and to un-
derstand the mutual relation among different variables, 
we operated a principal component analysis (PCA). 
PCA is used to reduce the dimensionality of multivari-
ate data sets while retaining the most important infor-
mation [26]. The analysis decomposes the total variance 
(information) of the dataset into mutually independent 
patterns of variation (components) that best capture 
the structure of the data. In other words, when variables 
are correlated, PCA allows us to represent one variable 
in terms of another, simplifying the data. This allows to 
save the relevant part of information originally residing 
in N variables into P components (with P<<N), dis-
carding the noise while retaining relevant “signal-like” 
information [27]. 

The number of components was determined using 

Cattel’s test, which identifies significant differences be-
tween informative components (“signal-like” informa-
tion) and noise [28].

To interpret the meaning of the components, we used 
the “component loadings”, which is the Pearson correla-
tion coefficient between original variables and compo-
nents. The original variables with a higher correlation 
allow the researchers to attach a meaning to a specific 
component. 

PCA was applied to the subset of patients with no 
missing values. Components were extracted in decreas-
ing order of explained variance using eigenvalues ob-
tained from Cattel’s test. An eigenvalue represents the 
overall variance explained by each component. Since 
we standardized the variables to have a mean of 0 and a 
standard deviation of 1, an eigenvalue close to 1 means 
the component explains about as much as an average 
original variable. The percentage of variance explained 
by each component is calculated by dividing its eigen-
value by the total sum of eigenvalues, which equals the 
number of original variables analysed. The cumulative 
explained variance shows how accurately the compo-
nents represent the dataset, reaching 100% when the 
number of components matches the number of original 
variables (Table 2a).

The names of the components reported below stem 
from the analysis of component loading pattern report-
ed in Table 2b.

Analyses were carried out using SAS software version 
9.4M1.

RESULTS
135 patients (52.1% with mild, 45.8% with moderate 

and 2.1% with severe AD) were selected based on their 
outpatient medical records

Demographic and clinical characteristics of the whole 
sample are detailed in Table 1, together with vascular 
risk factors and comorbidities of the sample. ApoE gen-
otype distribution, which was analysed in 92 patients, is 
also shown in Table 1.

Table 2a reports the distribution of explained variance 
across the principal components: considering the four 
most important components, 77% of total variance is 
explained, with the first component (PC1) accounting 
for 34% of variance. The name assigned to the different 
components stems from the loading pattern as we will 
discuss below.

The most relevant variables (higher absolute loading) 
for the component interpretation are bolded in Table 
2b. PC1 is a “cardiovascular” component (high loading 
hypertension, Fazekas and HIS). The second compo-
nent PC2 is a “metabolic” factor (hypercholesterolemia 
and diabetes as main drivers). PC3 demonstrates the 
NPI singularity: BPSD severity in AD has a near to uni-
ty (0.94) loading on PC3. Given components are each 
other mutually independent by construction; this result 
implies that BPSD severity in AD is totally independent 
from the rest of the descriptors (cognitive impairment, 
vascular impairment, white matter lesions and ApoE 
status). The fourth component has to do with diabetes 
pathological features independent from general meta-
bolic pattern shaping PC2.
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Table 1
Descriptive statistics of measured features

Variable Mean (SD) Median Minimum Maximum

Age (years) n=135 74.45 (7.17) 75.00 55.00 90.00

Females/Males ratio 1.14

MMSE n=132 18.66 (4.81) 20.00 7.00 29.00

ApoE4 carriers n=92 0.48 (0.50) 0 0 1.00

HIS n=126 2.83 (2.08) 3.00 0 12.00

NPI n=135 21.47 (18.26) 16.00 0 94.00

Fazekas score n=135 1.14 (0.86) 1.00 0 3.00

Education (years) n=131 8.00 (4.15) 8.00 1.00 19.00

Rivastigmine n=131 0.82 (0.38) 1.00 0 1.00

Hypertension n=132 0.61 (0.49) 1.00 0 1.00

Antiplatelet therapy n=131 0.47 (0.52) 0 0 1.00

Oral hypoglycemic drugs n=131 0.12 (0.33) 0 0 1.00

Insulin n=131 0.01 (0.09) 0 0 1.00

Antiarrhythmic drugs n=131 0.07 (0.25) 0 0 1.00

Statins n=132 0.39 (0.49) 0 0 1.00

Anticoagulants n=132 0.08 (0.27) 0 0 1.00

Folic acid treatment n=133 0.07 (0.25) 0 0 1.00

Familiarity for vascular diseases n=131 0.33 (0.52) 0 0 2.00

Smoking n=134 0.25 (0.44) 0 0 1.00

Alcoholism n=132  0.01 (0.09) 0 0 1.00

The mean of binary (0/1) variables corresponds to the proportion of patients having a 1 (yes) score to the variable itself; SD: standard deviation; HIS: Hachinski 
Ischemic Score; MMSE: mini mental state examination; NPI: neuropsychiatric inventory.

Table 2
Descriptive characteristics and composition of principal components

a) Variance of the principal components

Component Eigenvalue Proportion Cumulative

1 2.35 0.34 0.34

2 1.27 0.18 0.52

3 1.00 0.14 0.66

4 0.79 0.11 0.77

5 0.69 0.10 0.87

6 0.47 0.07 0.94

7 0.42 0.06 1.00

b) Loading pattern corresponding to the correlation coefficients between original variables  
and extracted principal components

Variables PC1 PC2 PC3 PC4

Hypertension 0.78 -0.08 -0.08 -0.27

Fazekas 0.80 -0.02 0.23 -0.10

HIS 0.82 -0.10 0.075 -0.07

NPI -0.17 0.25 0.94 0.07

Age (years) 0.40 -0.60 0.14 0.49

Hypercholesterolemia 0.34 0.70 -0.03 -0.19

Diabetes mellitus 0.35 0.59 -0.20 0.65

PC1: cardiovascular component (high loading hypertension, Fazekas and Hachinski scores); PC2: metabolic component (hypercholesterolemia and diabetes); PC3: 
BPSDs; PC4: diabetes; PC: principal component; NPI: neuropsychiatric inventory; BPSDs: behavioral and psychological symptoms; HIS: Hachinski Ischemic Score; 
significant results are bolded.
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As it can be seen in Table 2b, age (mean: 74.45, stan-
dard deviation: 7.17) was significantly related to most of 
the components but the BPSDs one. The loading pat-
tern of Age variable points (as expected) to a pervasive 
role of age as for different pathological features but not 
influencing the severity of Alzheimer. This result stems 
from the observation that the data set is made only by 
Alzheimer patients so ruling out the well-established 
correlation between the onset of dementia and aging. 
The cardiovascular component had a positive and sta-
tistically significant correlation with presence of hyper-
tension, FS and HIS (correlation coefficients of 0.78; 
0.80; 0.82 respectively). The metabolic component was 
significantly related with presence of hypercholester-
olemia and diabetes mellitus (correlation coefficients 
of 0.70 and 0.59). The BPSDs component was signifi-
cantly related only with the NPI score (0.94), while the 
fourth component was related to diabetes (0.65).

The negative relationship between NPI score and riv-
astigmine use (correlation coefficient -0.52, p<0.0001) 
was of particular interest, since its values were corre-
lated with PC3 scores obtaining a Spearman correlation 
coefficient equal to r=-0.52 (p<0.001), identical to the 
direct correlation between NPI and rivastigmine.

DISCUSSION
We correlated the load of white matter lesions and 

global vascular impairment with cognitive clinical assess-
ment and ApoE genotype in a sample of AD patients 
with BPSDs. According to our results, BPSD severity (es-
timated by NPI total score) seemed to be independent 
from cognitive impairment (MMSE), vascular impair-
ment (HIS), white matter lesions (FS) and ApoE status.

When comparing our results with those of the litera-
ture (cited below), it must be considered that similar 
studies have used other assessment tools for both AD 
and BPSDs, and that BPSD expression can vary or fluc-
tuate in the different stages of Alzheimer’s and in differ-
ent settings. Therefore, it is important to keep in mind 
that we based our study on outpatients mostly with 
mild and moderate AD, as described below.

According to our data, we were not able to confirm 
a role for vascular impairment in BPSDs expression 
in our sample. This is inconsistent with some previous 
literature, according to which mood and psychomotor 
symptoms are more prevalent in patients with greater 
vascular cognitive impairment (VCI) compared to AD 
patients. On the other hand, VCI patients tend to show 
more psychotic symptoms [7, 29]. Also, VCI has been 
associated with WMH, and it is thought that VCI could 
have a moderating effect between WMH and BPSDs 
[30]. Notwithstanding this, BPSDs pathogenesis has 
not yet been completely elucidated [31].

While discussing our results, it must be noted that 
our sample consisted mostly of outpatients with mild 
and moderate cognitive impairment. Previous stud-
ies concluded that WMH is particularly evident with 
BPSD in moderate to severe AD [7, 32]. This may have 
influenced our results, as some initial structural changes 
in the brain, more common in patients with mild cogni-
tive impairment, may not yet be detectable on neuroim-
aging (i.e., abnormal connectivity and circuitry between 

various areas of the brain) [32]. Therefore, our findings 
must be taken with caution.

We did not find correlations between ApoE4 geno-
type and BPSDs in our sample. This is similar to previ-
ous literature, since both positive and negative correla-
tions have been described over time [33, 34]. Although 
correlations of ApoE4 genotype with specific clusters 
of BPSD have been proposed [8, 12], this has not been 
always supported [35].

BPSDs are thought to be the result of complex in-
terplay between biological (brain changes due to mul-
tiple causes), sociological (social network, living arrange-
ments) and psychological factors (e.g., personality) [31]. 
Some researchers also point at specific conditions – such 
as chronic neuroinflammation – in which histaminergic 
neurotransmission could have a pivotal role in microglia 
inflammation [36]. Serotonergic and dopaminergic cir-
cuitry are known to be involved as well [37, 38]. Further-
more, grouping BPSDs into “clusters of symptoms” – as 
we also did – could distort relationships with different 
variables, because BPSDs are not grouped consistently 
across studies, with each “cluster” reflecting a different 
prevalence, timeline and bio-psychosocial correlates 
[31]. This often increases the difficulty in interpreting 
data [1]. For instance, previous research suggested that 
specific clusters of symptoms did not affect the progres-
sion of cognitive decline, while the greater the cognitive 
impairment, the more severe were the BPSDs.

An important aspect to note is that although the NPI 
is a largely diffused tool for studying BPSDs in demen-
tia, our results – and some others as well [7, 39, 40] – un-
derlie an emerging need to investigate bio-psychosocial 
and environmental factors in pathogenesis of BPSDs 
too. NPI is a useful measure to assess BPSD in people 
with dementia, but is a caregiver-dependent measure. 
The caregiver’s personal characteristics (e.g., age, edu-
cational level, personality, psychological conditions, 
coping skills, etc) may modify levels of perceived stress 
and burden, impacting his/her reliability [1]. Moreover, 
it is known that the patient-caregiver emotional rela-
tionship and communication can have effects on BPS-
Ds expression. Experience, emotional relationships, or 
familiarity could have a role in this process [41]. There-
fore, it is essential to assess caregivers’ burden includ-
ing measures of objective and subjective caregiver stress 
and analysis of environmental conditions.

The association between the use of rivastigmine and 
less BPSDs we found is consistent with existing litera-
ture. It is widely known that cholinergic deficits cause 
cognitive impairment and are involved in BPSDs and 
delusional thinking [42,] and the positive clinical re-
sponse to acetylcholinesterase inhibitors of patients 
with such symptoms (especially apathy, psychosis) are 
well known [43, 44].

Cardiovascular and metabolic components that came 
out from the PCA were consistent with previous literature 
[41]. Regarding the association of age with most of the 
PCA components: its role, even if statistically significant, 
is ambiguous. Indeed, it is important to remember that 
we analysed an aged population, imposing a range restric-
tion to the age variable that is detrimental to the discovery 
of meaningful correlations with other variables [45].
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Considering the high prevalence, and the often early 
occurrence of BPSDs – particularly of mood disorders 
– a rigorous assessment of psychiatric features in cog-
nitively impaired patients should be part of the routine 
examination. Characterizing the behavioral profile of 
these patients may lead to a wholesome comprehension 
of their condition during the evolving of the disease, 
and may allow both caregivers and professionals to use 
more effective treatments for improving patients’ and 
caregivers’ quality of life [29].

LIMITATIONS
Our study has several limitations. Radiologic images 

were taken using different MRIs with different mag-
netic fields (range 1.0-3T) and different protocols by 
different centers. Independent confirmation of the FS 
from an external neuroradiologist was not taken. Since 
BPSDs symptoms fluctuate over time, estimating their 
prevalence using a cross-sectional approach may not be 
completely appropriate. Moreover, the cross-sectional 
design precludes causal inferences and reverse causality 
cannot be excluded. In future research, a longitudinal 
design could be accurate to study the causality of this 
study’s topic. NPI is a broad-spectrum screening test: 
in future research, it may be useful to administer tests 
for specific symptoms of interest. The lack of a control 
group prevented us from conducting a case-control 
study. Limitations of our study include also its retro-
spective nature and the relatively small sample size.

CONCLUSIONS
In conclusion, we did not find in our sample and ac-

cording to our study design the expected associations 
between vascular, genetic and imaging factors with 
expression of BPSDs. Our results could therefore un-
derline the complex interactions between the above 
mentioned factors in the expression of BPSDs, being 
unable to identify a specific one. Conducting further 
studies in real-world contexts will be necessary to bet-
ter understand other factors, aside from the biological 
ones, that may influence BPSD expression in AD pa-
tients, also through a more structured data collection 
on family members and patients. BPSDs are a very 
complex aspect of neurologic care, as they increase the 
risk of patients’ hospitalization, death and caregiver ex-
haustion, and their pathogenesis is yet to be fully com-
prehended. The challenge for future studies may be to 
better understand this complex interaction of variables 
in the pathogenesis of BPSD by analysing the bio-psy-
chosocial factors that are the least identified. Different 
methodological approaches could help deepening the 
knowledge on this topic. Also, further studies on brain 
circuitry could improve knowledge on this topic.
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Abstract
Introduction. The use of antibiotics in food-producing animals for infections treatment, 
metafilaxis and, although not allowed in Europe, as growth enhancer is responsible for 
the presence of antibiotic residues in animal derived foodstuffs. For this reason, it is very 
important to perform a monitoring.
Methods and results. Muscle samples from bovine, pig, poultry, turkey and fish, as 
well as bovine milk and hen’s egg samples, deriving from 444 farms of both Umbria 
and Marche regions (Italy) were analyzed by well-established and validated analytical 
methods in order to evaluate the presence or not of antibiotic residues (penicillins, qui-
nolones, tetracycline and sulphonamides). The samples were collected during 2012-2021 
period of time. In total, 15/2,354 samples resulted positive to the analyses. The amount 
of antibiotics found in the 15 samples resulted below the maximum residue limit fixed by 
EU Regulation 37/2010 and for this reason considered compliant.
Conclusions. Despite irregular samples were not found, the presence of antibiotic resi-
dues in foodstuff represents a risk for public health as they are responsible for the se-
lection of resistant strains contributing to antimicrobial resistance problem spread. In 
the present work, this aspect was evaluated in relation to the results obtained from the 
analyzed samples coming from Umbria and Marche regions.

Address for correspondence: Luana Perioli, Dipartimento di Scienze Farmaceutiche, Università degli Studi di Perugia, Via del Liceo 1, 06123 Perugia, 
Italy. E-mail: luana.perioli@unipg.it.

INTRODUCTION
Food safety and control of antimicrobial resistance 

(AMR) are among the aims of the One Health concept 
that considers the health of humans, animals and envi-
ronment strictly interconnected [1, 2].

In a recent study, referring to 2019, is reported that 
1.27 million people worldwide died because of infec-
tions associated to bacterial AMR [3]. Without appro-
priate strategies aimed at limiting this phenomenon 
these numbers would rise. It is in fact estimated that 
the number of death would reach 10 million/year by 
2050 due to infections associated with multi-resistant 
micro-organisms [4].

The main factors responsible for the AMR are: i) an-
tibiotics overuse and misuse in both humans and ani-

mals; ii) absorption of antibiotic residues deriving both 
from the environment (contaminated water, air, soil, or 
manure) and food; iii) direct animal-to-human contact 
on farms and slaughterhouses [5].

In food producing animals, antibiotics are used for 
therapeutic purposes, for disease prevention or as 
growth promoters [6], the last practice was banned in 
Europe starting from 1st January 2006.

The massive use of antibiotics in food producing ani-
mals represents a serious health care problem as the 
foodstuff is a vehicle for AMR transmission. Through 
foodstuff consumption, antibiotic residues could be 
transmitted to humans and, once internalized, they 
could promote the selection of AMR microorganisms. 
The latter could also develop in the animal continuously 

mailto:luana.perioli@unipg.it


Antibiotic residues in foods

O
r

ig
in

a
l
 a

r
t

ic
l

e
s
 a

n
d

 r
e

v
ie

w
s

51

exposed to antibiotics so that the animal derived food-
stuff could also represent a vehicle for the transmission 
of resistant bacteria or genes [6].

Considering the European scenario, according to the 
data collected from the European Medicines Agency 
(EMA), the use of antibiotics in the livestock’s changes 
in the different countries [7]. In Nordic-Baltic nations 
for example, the antibiotics consumption is very low 
due to the combination of national strategies (surveil-
lance program as well as good practice veterinary guide-
lines) aiming to limit the use of antibiotics and thus to 
control the AMR phenomenon [8, 9]. 

The largest users of antibiotics are: i) Poland, Italy 
and Spain where the amount used per livestock unit is 
10-20 times higher than the lowest users (Nordic-Baltic 
countries); ii) France and Germany where the usage 
levels are about 5-10 times higher per livestock unit 
than the lowest users [7].

It is well demonstrated that the use of antibiotics in 
food producing animals contributes to AMR problem 
with consequent impact on the global health [10].

For this reason, over the years it was considered nec-
essary to elaborate projects aiming to perform a deep 
surveillance and collaboration among the countries in 
order to better control and monitor the antibiotics con-
sumption and thus AMR.

In 2005 the European Centre for Disease Prevention 
and Control (ECDC) was established. It is an agency of 
the European Union (EU) born with the aim to control 
the infectious diseases. ECDC performs a surveillance 
of both antibiotics’ consumption in humans as well as 
AMR. ECDC, together to the European Food Safety 
Authority (EFSA) and EMA, elaborates periodically a 
report about antimicrobial agent consumption and oc-
currence of antimicrobial resistance in bacteria from 
humans and food-producing animals. The purpose of 
this is to furnish periodic reports useful to provide an 
integrated analysis of the relationships between the use 
of antibiotics both in human and animals and the inci-
dence of AMR in bacteria from humans and food [10].

The European Surveillance of Veterinary Antimicro-
bial Consumption (ESVAC) started in 2009. This is a 
project aimed at collecting information about the use 
of antimicrobial medicines in animals in the EU. These 
data are useful to create a database to correlate the 
consumption of antibiotics in veterinary field to AMR. 
The Decision 2013/652/EU has a very significant im-
portance for the collection of data about AMR. This 
document reports the rules useful to perform the moni-
toring and reporting of antimicrobial resistance in zoo-
notic and commensal bacteria according to harmonized 
practices in all the EU member states.

On 30th June 2017 the European Commission ad-
opted the “European One Health Action Plan against 
Antimicrobial Resistance (AMR)” aiming to limit the 
use of antimicrobials together to the improvement of 
the information about the problems related to AMR. 
The adoption of these measures has produced a posi-
tive impact as demonstrated in the thirteenth ESVAC 
report, which highlights that the sales of antibiotics in 
veterinary field (reported as milligrams per population 
correction unit mg/PCU) decreased of 53.0% from 

2011 to 2022 [11]. In Italy Decision 2013/652/EU was 
adopted starting from 2014 and the Piano Nazionale 
di Contrasto dell’Antimicrobico-Resistenza (PNCAR) 
launched a monitoring program aimed at counteracting 
AMR through an integrated plan involving the human, 
veterinary, food, environmental and agricultural fields.

According to this plan in Italy the main pathogen spe-
cies, representing the main risks of developing acquired 
antibiotic resistance, are Staphylococcus aureus, Strep-
tococcus pneumoniae, Enterococcus faecalis, Enterococcus 
faecium, Escherichia coli, Klebsiella pneumoniae, Pseudo-
monas aeruginosa, Acinetobacter.

This paper deals with the examination of the re-
sults obtained from the search of selected antibiotic 
residues (penicillins, quinolones, tetracyclines and sul-
phonamides) within a surveillance study conducted in 
Central Italy by Istituto Zooprofilattico Sperimentale 
dell’Umbria e delle Marche, under the auspices of the 
Italian Ministry of Health. Meat samples (bovine, pig, 
poultry, turkey and fish), bovine milk and hen’s eggs 
were analyzed in the period 2012-2021 in Umbria and 
Marche regions.

MATERIALS AND METHODS
Sample collection

2,354 samples (bovine, pig, poultry, turkey, fish mus-
cle, hen’s eggs and bovine milk) were collected during a 
ten-year period (2012 to 2021) from 444 farms of both 
Umbria (217) and Marche (227) regions, within the 
framework of the official control and self-control plan 
of the Italian dairy industry. 287 samples were submit-
ted to penicillins, 454 samples analyzed for tetracycline, 
990 for sulphonamides and 623 for fluorofluoroquino-
lones detection. Sampling was performed according to 
Piano Nazionale Ricerca Residui (PNR) 2021 from the 
Italian Ministry of Health and the analyses were carried 
out by the Istituto Zooprofilattico Sperimentale of Um-
bria and Marche “Togo Rosati”.

Standards and reagents
Milli-Q system Millipore (Bedford, MA, USA, 18.2 

mΩ cm-1 resistivity) was used to obtain ultrapure water. 
SPE SCX (100 mg, 3 mL) cartridges were purchased 
from Phenomenex (Torrance, CA, USA). The standards 
of antibiotics sulfamerazine, sulfamonomethoxine, sul-
fadiazine, sulfathiazole, sulfamethoxazole, oxolinic 
acid, flumequine, marbofloxacin, chlortetracycline, 
doxycycline, benzylpenicillin, cloxacillin, dicloxacillin, 
nafcillin, oxacillin were purchased from Dr. Ehrenstor-
fer (Augsburg, Germany); sulfachloropyridazine, sulfa-
metoxipiridazine, sulfadimethoxine, sulfachinoxaline, 
sulfamethazine, sulfapyridine, ciprofloxacin, danoflox-
acin, difloxacin, enrofloxacin, norfloxacin, sarafloxa-
cin, tetracycline, amoxicillin, ampicillin, purity ≥95% 
(HPLC), were purchased from Sigma-Aldrich (St. Lou-
is, MO, USA). All the other reagents and solvents used 
were of analytical grade and were supplied by Carlo 
Erba (Milan, Italy).

Analytical methods
The detection of penicillins (nafcillin, dicloxacillin, 

cloxacillin, oxacillin, ampicillin, amoxicillin, benzyl-
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penicillin) in muscle samples (bovine, pig, poultry, tur-
key, fish) was performed by Premi®Test (DSM, DSM 
Food Specialities R&D, Delft, The Netherlands) while 
for bovine milk samples Delvotest® (DSM, DSM Food 
Specialities R&D, Delft, The Netherlands) was used. 
They are microbiological assays, in which the samples, 
are submitted to antibiogram analysis based on the 
evaluation of growth inhibition of the strain Bacillus 
stearothermophillus. The limit of antibiotic detection is 
≥25 µg/kg for muscle samples while for milk samples 
concentrations ≥3 µg/L for ampicillin, amoxicillin, ben-
zylpenicillin and ≥20 µg/L for nafcillin, dicloxacillin, 
cloxacillin, oxacillin are detectable.

Before the analysis, muscle samples were treated 
according to the following procedure: 4 g of minced 
muscle was placed in a 50 mL Falcon® tube and added 
by 10 mL of extraction solvent constituted by aceto-
nitrile (ACN)-acetone 70:30 v/v. The sample was ho-
mogenized for 10 min and then centrifuged at 4,000 
rpm for 10 min. The supernatant was placed in a 15 mL 
Falcon® tube and the solvent removed under nitrogen 
at 40-45 °C. The solid was then suspended in 500 μL 
di Lab Lemco broth (Thermo Scientific™, Roma, Italy) 
and vortexed. Premi®Test was performed for screening 
e post-screening using 100 µL (screening) and 230 µL 
(post-screening) of the extract (Figure 1).

Bovine milk samples were analyzed without preven-
tive preparation procedures (Figure 2). The determina-
tions were carried out following the kit manufacturer 
instructions [12, 13]. 

Tetracyclins (doxycycline, chlortetracycline, tetracy-
cline, oxytetracycline) were detected by TetraSensor 
(Tissue) – KIT036 for both muscles (bovine, pig, poul-
try, turkey, fish) and hen’s eggs and KIT014 for bovine 
milk (Unisensor, Seraing (Ougrée) – Belgium). The 
detection limit is ≥40 µg/kg for muscles and ≥25 µg/L 
for milk and ≥75 µg/kg for eggs. Before the analysis, 
the muscle samples were prepared as follows: the ho-
mogenized muscle (10 g) was put in a stomacher bag 
added by 30 mL of extraction buffer provided in the 
kit. The sample was then homogenized in stomacher 
for 2 min. One mL of extract was ultracentrifuged at 
10,000 rpm for 3 min. Then 200 µL of the extract were 
seeded in the microplate well. The dipstick was put in 
the well and left for 10 min. Afterwards the dipstick 
was removed and performed the analysis by Readsensor 
reader (Figure 1). In the case of bovine milk samples, 
they were assayed without preliminary extraction pro-
cedures (Figure 2). Hen’s egg samples were prepared 
as follows: the homogenized eggs (10 g) were put in a 
centrifuge tube (50 mL) then added by 30 mL of ex-
traction buffer (prepared according to kit procedures). 
The sample was centrifuged (4,000 rpm, 20 min), then 
put in a centrifuge tube (15 mL), added by n-hexane (5 
mL) vortexed, centrifuged (4,000 rpm, 10 min) and the 
hexane removed. The remaining aqueous phase (200 
µL) was used for the assay (Figure 1). The determina-
tions were carried out following the kit manufacturer 
instructions [14].

Fluoroquinolones (flumequine, difloxacin, ciproflox-
acin, marbofloxacin, norfloxacin, sarafloxacin, dano-
floxacin, enrofloxacin, oxolinic acid) were detected by 

enzyme immunoassay using the immunoenzymatic kit 
chinolone ridascreen® cod. R3113 (r-Biopharm, Darm-
stadt, Germany). The detection limit is ≥25 µg/kg for 
both muscles and eggs and ≥15 µg/L for bovine milk. 
The samples (bovine, pig, poultry, turkey, fish) were pre-
pared using the methods proposed by Scortichini et al. 
[15] starting from 1 g of homogenized muscle or eggs 
(Figure 1).

Extraction of fluoroquinolones was obtained by intro-
ducing 4 mL of extraction solution (m-phosphoric acid 
0.45%/ACN 70/30 v/v). Then the tube was vortexed for 
10 min. Afterward the tube was placed in a water-bath 
for 30 min at 45-50 °C in order to induce the precipita-
tion of proteins. Then the sample was left to cool and 
centrifuged (4,500 rpm for 10 min), the supernatant 
was filtered in a 15 mL Falcon® tube by using a nylon 
syringe filter (30 mm, 0.45 µm). The obtained sample 
was resubmitted to another extraction cycle adding 4 

Figure 1
Scheme of the procedure followed for both muscles and eggs 
samples preparation before the analysis of the different anti-
biotics.

Figure 2
Scheme of the procedure followed for bovine milk samples 
preparation before the analysis of the different antibiotics.
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mL of extraction solution (m-phosphoric acid 0.45%/
ACN 70/30 v/v) and performing the steps described 
above. The extracts (~8 mL) were combined and an ali-
quot of 4 mL was evaporated under a nitrogen flux (40-
50 °C) until the complete evaporation of ACN (until 2 
mL). Then the concentrated extract was diluted with 4 
mL of water. The extract purification was performed by 
loading on the OASIS HLB cartridge previously condi-
tioned with 1 mL of MeOH and 1 mL of Milli-Q water. 
Subsequently, the cartridge was washed with 2 mL of 
phosphate buffer (0.025 M, pH 3)/MeOH 95:5 (v/v) 
and with 2 mL of water. The fluoroquinolones were 
eluted with 2 mL of MeOH/ammonia 95:5 (v/v). The 
solvent was removed under nitrogen (40-50 °C), just 
before application to the microtiter plates, the residue 
was dissolved in 2 mL of MeOH/water 35/65 (v/v). The 
determinations were carried out following the kit manu-
facturer instructions [16]. In case of the milk 5 mL of 
sample were centrifuged (4500×g for 10 min) in order 
to eliminate the fat fraction (Figure 2).

Sulfonamides (sulfamerazine, sulfamonomethoxine, 
sulfadiazine, sulfachloropyridazine, sulfametoxipirida-
zine, sulfadimethoxine, sulfachinoxaline, sulfathiazole, 
sulfamethazine, sulfamethoxazole, sulfapyridine) de-
tection was performed by ELISA method using a sul-
phonamides ELISA KIT cod. SM390 (Tecna srl, Tri-
este, Italy), detection limit ≥20 µg/kg for muscle, egg 
and milk samples. The ELISA determinations were 
carried out following the manufacturer instructions. 
Muscle samples were prepared as described by Galarini 
et al. [17].

The samples (bovine, pig, poultry, turkey, fish) were 
prepared as follows: 1 g of homogenized muscle was 
placed in a 50 mL Falcon® tube. Then 5 mL of ethyl 
acetate were added and the sample was vortexed for 10 
s and then stirred at 300 rpm for 15 min. Afterwards the 
sample was centrifuged for 10 min at 4,000 rpm. Three 
mL of supernatant (corresponding to 0.6 g of muscle) 
were taken and placed in a 15 mL Falcon® tube. The 
solvent was removed under nitrogen atmosphere at 50 
°C. The obtained solid was then suspended in 0.6 mL 
of buffer provided in the kit and added by 1 mL of n-ex-
ane. The sample was vortexed for 30 s and centrifuged 
for 10 min at 4,000 rpm. The supernatant was removed 
and the aqueous phase submitted to the analysis. For 
the analysis 50 µL of sample were used for the seed in 
the microplate (Figure 1).

For bovine milk samples 5.0 g were centrifuged for 
15 min at 4000 rpm and 4 °C in order to remove the fat 
fraction. Then the sample (2.5 g) was put in a centrifuge 
tube (50 mL), added by ethyl acetate (5 mL) and mixed 
for 1 min. The sample was then left in static conditions 
at room temperature for 10 min in order to obtain the 
phases separation. The supernatant (4 mL) was then 
dried under nitrogen at (50 °C). The obtained solid was 
then solubilized in 1 mL of buffer prepared according to 
kit procedures and 50 µL used for the assay (Figure 2).

For hen’s egg samples 1.0 g of homogenized sample 
was added by ethyl acetate, vortexed for 10 min and 
put in a mechanical stirrer for 15 min at 300 rpm. The 
sample was then centrifuged, 10 min at 4,000 rpm. The 
supernatant (3 mL) was then dried under nitrogen at 

50 °C and the obtained solid resuspended in 0.6 mL 
of buffer prepared according to kit procedures. The 
sample was then added by n-hexane (1 mL), vortexed 
for 30 sec, centrifuged for 5 min at 4,000 rpm. The 
supernatant was removed and the aqueous phase (50 
µL) used for the analysis (Figure 1). The determinations 
were carried out following the kit manufacturer instruc-
tions [18].

Methods validation
The assays used for antibiotic residues identification 

are widely developed and implemented as routine labo-
ratory tests for official analyses, due to the low costs and 
reduced working times allowing well-timed decisions. 
This is particularly important in the search of antibiotic 
residues in foodstuffs deriving from food-producing 
animals. The validation was performed according to the 
Commission Decision 2002/657/EC regulating the per-
formances of analytical methods applied in EU official 
monitoring programs (Table 1). The main parameter 
considered in the validation is represented by the detec-
tion capability (CCβ) defined as “the smallest content 
of the substance that may be detected identified and/
or quantified in a sample with an error probability of 
β”. In the case of substances with an established per-
mitted limit, the detection capability is the concentra-
tion at which the method is able to detect the allowed 
limit concentrations with a statistical certainty of 1 – β” 
(point 1.12 of the Annex to CD 2002/657/EC). β error 
represents the probability that the considered sample is 
truly non-compliant, even though a compliant measure-
ment is obtained (false compliant decision). For screen-
ing tests the β error is fixed ≤5% [19].

RESULTS AND DISCUSSION
During 2012-2021 food samples (bovine, pig, poul-

try, turkey and fish muscles, as well as bovine milk and 
hen’s eggs) deriving from farms of both Umbria and 
Marche regions were analyzed for the search of the 
following antibiotics residues: penicillins, tetracycline, 
sulphonamides and fluoroquinolones. The search was 
performed according to “Piano Nazionale Residui” 
(PNR) 2021 hat prescribes the search of antibiotics 
residues in the following samples: muscles (bovine, 
porcine, ovine, caprine, equine, poultry, turkey, fish, 
rabbits, farmed game), milk, eggs, honey [20]. In PNR 
the groups of chemical substances to be investigated in 
such samples, provided in the Annex I of the Legislative 
Decree 158/2006, are divided in category A (anabolic 
substances and non-authorised substances) and catego-
ry B (veterinary medicinal products and contaminants). 
The latter category, is further divided in B1, B2 and B3 
sub-category. B1 is the sub-category of interest in this 
study as it represents the antibacterial substances.

The results obtained from the analyses performed 
showed that non-compliant (irregular) samples were 
not detected (Table 2). No positive samples were de-
tected in both hen’s eggs and bovine milk while in the 
case of muscles some samples resulted positive for tetra-
cycline, sulphonamides and fluoroquinolones. In 2012 
one poultry muscle sample was positive to the fluoro-
quinolone flumequine (47.9 µg/kg). During 2013 one 
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poultry muscle sample was positive to oxytetracycline 
(54.9 µg/kg), one to the fluoroquinolone flumequine 
(25.4 µg/kg); one pig muscle sample resulted positive 
to h (74.0 µg/>kg).

During 2014, two poultry muscles were positive to 
doxycycline (an amount of 49.0 µg/kg and 94.3 µg/kg 
respectively) and one to tetracycline (amount measured 
34.2 µg/kg) (Table 2). Moreover, one poultry muscle 
sample was positive to the fluoroquinolone flumequine 
(30.0 µg/kg).

In 2015 one pig muscle sample was found positive 
to doxycycline (12.0 µg/kg), two pig muscle samples 
resulted positive to sulfamonomethoxine (amount 49.0 
µg/kg and 13 µg/kg respectively) while one sample of 
bovine muscle was positive to sulfamonomethoxine 
(38.0 µg/kg). One fish muscle sample was positive to 
flumequine (20.0 µg/kg) as well during 2016.

During 2017 sulfamerazine (11.0 µg/kg) residues 
were found in one pig muscle sample and enrofloxacin 
(22.0 µg/kg) residues were found in one poultry muscle 
sample (Table 2).

In all cases, the amount of antibiotic residues found 
was not considered problematic as the values resulted 
compliant to UE Regulation 37/2010 in which the ad-
mitted maximum residue limits (MRL) are fixed for the 
different antibiotics. MRL can be defined as the maxi-
mum allowed concentration of antibiotic residues in 
animal derived foodstuff, after a therapeutic treatment, 
established based on the calculated acceptable daily in-
take from preclinical data and residue depletion studies 
in target animal species [21]. These limits are set ac-
cording to safety assessment, taking into account toxi-
cological risks, environmental contamination, as well 

as the microbiological and pharmacological effects of 
residues as reported in the Regulation (EC) 470/2009. 
The MRL value for the antibiotics found in the muscle 
samples are: 100 μg/kg for oxytetracycline, doxycycline, 
tetracycline, sulfamonomethoxine, sulfamerazine, en-
rofloxacin and 400 μg/kg for flumequine.

The samples resulted positive to antibiotic search (Ta-
ble 2) are compliant to UE Regulation 37/2010 as the 
concentrations found are below the MRL. However, 
some important considerations must be done. The first 
of them is the relative low number of samples analyzed 
and, even more, the low number of positive samples that 
makes difficult to obtain statistically significant trends.

Moreover, it should be considered that the samples 
were analyzed by ad hoc methods, optimized for each 
class of antibiotics considered. The use specific meth-
ods have two main limitations: i) each sample should be 
analyzed for one molecule or group of molecules (one 
sample for one method), ii) each method is specific for 
one class of antibiotic molecules thus not useful to de-
tect antibiotics of other classes. Moreover, the sensitiv-
ity of the method (limit off detection – LOD) is lim-
ited in comparison to other more efficient techniques. 
For this reason, since 2023 the EU suggested to use 
multi-residue and more sensitive methods capable of 
detecting, through the analysis of a single sample, many 
classes of molecules. LC-MS/MS is one of this tech-
nique allowing to detect also levels lower than 70 ppb 
[22]. Based on these considerations, it could be plau-
sible to hypothesize that antibiotic residues may have 
been present in samples which resulted negative, due 
to the limited sensitivity of the analytical methods used.

It is well known the connection between the anti-

Table 1
Methods used for antibiotics determination in the different food matrices considered: data obtained in validation vs correspond-
ing requirements (Commission Decision 2002/657/EC)

Test Detection 
method

Antibiotic 
class

Matrix Parameters considered 
during the validation 
according to Decision 
2002/657/EC

In-house validation

Premi®Test 
DSM

Microbiological 
technique

Penicillins Muscles (bovine, 
pig, poultry, turkey, 
fish)

Detection capability (CCβ): 
is the smallest analyte 
content that can be 
detected or quantified in 
a sample with an error of 
β: the maximum error rate 
for authorized substances 
should not exceed 5%.
The value of CCβ depends 
on the regulatory limit for 
each substance or class 
of them.

Specificity: is the power of 
an analytical method to 
discriminate between the 
analyte and any closely 
related substance.

Ruggedness: is the ability 
of an analytical method 
to withstand minor 
changes of experimental 
conditions.

Analyzing at least 20 fortified 
blanks for the concentration 
level chosen according to 
the MRL of each substance, 
the lack of any false negative 
result demonstrated method 
compliance (percentage of 
false compliant results or 
beta-error ≤5%).

After fortifying of 
representative blank samples 
at a relevant concentration 
with substances that could 
be interferences, the lack 
of false identifications 
demonstrated the specificity 
of the analytical method.

The ruggedness tests of 
the analytical method were 
conducted using the Youden 
approach.

Delvotest®
DSM

Microbiological 
technique

Penicillins Bovine milk

TetraSensor (Tissue) 
– KIT036
Unisensor

Receptorial
technique

Tetracyclins Muscles (bovine, 
pig, poultry, turkey, 
fish) and hen’s 
eggs

TetraSensor (Milk) 
– KIT014
Unisensor

Receptorial
technique

Tetracyclins Bovine milk

Immunoenzymatic 
Kit Chinolone 
Ridascreen®

ELISA Quinolones Muscles (bovine, 
pig, poultry, turkey, 
fish), bovine milk, 
hen’s eggs

Immunoenzymatic 
Kit Sulphonamides 
Tecna®

ELISA Sulfonamides Muscles (bovine, 
pig, poultry, turkey, 
fish), bovine milk, 
hen’s eggs

MRL: maximum residue limit.
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Table 2
Resuming table of the food samples analyzed (bovine muscle, pig muscle, poultry muscle, turkey muscle, fish muscle, hen’s eggs, 
bovine milk) in Umbria and Marche regions (Central Italy) in the period 2012-2021. For each year and for each class of antibiotics 
selected (penicillins, tetracyclines, sulphonamides and fluoroquinolones) are reported: the number of samples analyzed and the 
number of positive samples. For the positive samples the amount of antibiotic found and the maximum residue limit (MRL) of UE 
Regulation 37/2010 are reported

Penicillins

Year 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
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Bovine muscle 21 - 58 - 20 - 5 - 1 - - - - - 1 - - - - - 0/106

Pig muscle 24 - 11 - 10 - 18 - 11 - 6 - 4 - 6 - 3 - 6 - 0/99

Poultry muscle 12 - 16 - 17 - 1 - 3 - 5 - 1 - - - - - 1 - 0/56

Turkey muscle - - 1 - 1 - - - - - - - - - - - - - - - 0/2

Fresh fish muscle - - - - - - - 2 - - - 2 - 1 - 3 - 2 - 0/10

Hen’s eggs - - - - - - - - - - - - - - - - - - - - -

Bovine milk 6 - 4 - 2 - 2 - - - - - - - - - - - - - 0/14

63 90 50 26 17 11 7 8 6 9 0/287

N: number. 

Tetracyclines

Year 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
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Bovine muscle 21 - 58 - 20 - 5 - 1 - - - - - 1 - - - - - 0/106

Pig muscle 39 - 24 - 17 - 27 1a 19 - 20 - 15 - 12 - 13 - 19 - 1/205

Poultry muscle 13 - 16 1b 17 3c 1 - 3 - 5 - 1 - - - - - 1 - 4/57

Turkey muscle - - 1 - 1 - - - - - - - - - - - - - - - 0/2

Fresh fish muscle 5 - 2 - 1 - 1 - 4 - 2 - 4 - 4 - 5 - 3 - 0/31

Hen’s eggs 4 - 3 - 5 - 5 - 4 - 3 - 3 - 5 - 5 - 2 - 0/39

Bovine milk 6 - 4 - 2 - 2 - - - - - - - - - - - - - 0/14

88 108 63 41 31 30 23 22 23 25 5/454

adoxycycline 12.0 µg/kg; boxytetracycline 54.9 µg/kg; cdoxycycline 49.0 µg/kg, doxycycline 94.3 µg/kg, tetracycline 34.2 µg/kg; the maximum residue limit (MRL) 
reported in UE Regulation 37/2010 is 100 μg/kg. N: number.

Sulphonamides

Year 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
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Bovine muscle 14 28 - 27 - 28 1a 23 - 21 - 20 - 20 - 19 - 8 - 1/208

Pig muscle 48 - 58 1b 41 - 50 2c 55 - 49 1d 40 - 45 - 44 - 40 - 4/470

Poultry muscle 14 - 25 - 26 - 5 - 26 - 27 - 26 - 24 - 23 - 24 - 0/220

Turkey muscle - - 1 - 1 - 1 - 1 - - - - - - - - - - - 0/4

Fresh fish muscle 1 - 1 - 1 - 1 - 1 - 2 - 3 - 2 - 4 - 2 - 0/18

Hen’s eggs 2 - 5 - 5 - 8 - 8 - 3 - 7 - 6 - 9 - 2 - 0/55

Bovine milk 2 - 2 - 2 - 2 - 2 - 1 - 1 - 1 - 1 - 1 - 0/15

81 120 103 95 116 103 97 98 100 77 5/990

asulfamonomethoxine 38 µg/kg; bsulfamonomethoxine 74 µg/kg; csulfamonomethoxine 49 µg/kg, sulfamonomethoxine 13 µg/kg; dsulfamerazine 11 µg/kg; the 
maximum residue limit (MRL) reported in UE Regulation 37/2010 is 100 μg/kg. N: number.

Continues
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biotics consumption and AMR occurrence in bacte-
ria, in both humans and food-producing animals, as 
confirmed also in the fourth joint report published by 
EFSA, ECDC and EMA on January 2024 [10].

Data furnished by the European Surveillance of Vet-
erinary Antimicrobial Consumption (ESVAC) about 
the sales or prescription of antimicrobial veterinary me-
dicinal products for food-producing animals shows that 
during the 2020 (in 31 countries) the main classes of 
antibiotics used were penicillins (31.1%), tetracyclines 
(26.7%) and sulfonamides (9.9%). Despite in Italy from 
2011 to 2021 the overall use of antibiotics in veterinary 
field decreased by 53%, unfortunately the consumption 
in livestock’s is still high classifying Italy as third country 
in Europe for antibiotics use [23].

Data provided by Italian Medicines Agency (Agenzia 
Italiana del Farmaco, AIFA) about the human antibi-
otic consumption, in both Umbria and Marche regions 
[24], show that the use of penicillins and their combina-
tions decreased from 2015 (1.6 and 1.4 DDD/1000 ab 
die* for Umbria and Marche respectively) to 2021 (0.7 
DDD/1000 ab die* for both Umbria and Marche).

From the data reported in Table 2 no positive samples 
were obtained from penicillins analysis. Based on these 
data, a decrease in AMR should be observed for this 
class of antibiotics over the same time period.

However, the regional results found in the national 
report, elaborated by the Istituto Superiore di Sanità 
(ISS) about the antibiotic-resistance surveillance re-
ferred to 2020, show the opposite. An increase of 
Streptococcus pneumoniae strains resistant to penicillin 
(13.6%) emerged as well as a high resistance of Entero-
coccus faecium toward ampicillin (90.2% of the isolated 
strains) and methicillin (33.5%). Moreover, Escherichia 
coli resulted particularly resistant towards ampicillin 

* Average number of drug doses consumed daily by 1,000 inhabitants 
(AIFA 2021).

(64.5%) and amoxicillin-clavulanic acid (42.9%) as well 
as Klebsiella Pneumoniae (57.2%) [25].

According to AIFA report 2021, in Italy tetracycline 
are one of the most prescribed antibiotics in food pro-
ducing animals [24]. In this study residues of such 
class of molecules were found in five muscle samples 
between 2013-2015. Thus, could be hypothesized that 
the large prescription of this class of antibiotics could 
contribute to AMR spread observed in veterinary field.

Recently Russo et al. [26] observed that multi-drug 
resistant (MDR) Salmonella strains are particularly re-
sistant to tetracycline. This study, performed on sam-
ples deriving from the food chain in the Marche region 
(Central Italy), showed a wide dissemination of tetra-
cycline resistance in Salmonella strains (80%). Indeed, 
the ISS report of 2020 showed that in Italy Streptococ-
cus pneumoniae is the main tetracycline-resistant strain 
(16.8%) [11].

The EU One Health 2020 Zoonoses Report [27] 
food, animals and feed are provided and interpreted 
historically. Two events impacted 2020 MS data col-
lection and related statistics: the Coronavirus Disease 
2019 (COVID-19, an EFSA/ECDC document, shows 
that campylobacteriosis is the most common reported 
zoonosis in Europe, representing more than 60% of all 
the reported cases in 2020, followed by salmonellosis. 
A document drafted from EFSA states that Salmonella 
is the second pathogen responsible for foodborne dis-
eases [14]. In the period 2016-2018, statistically sig-
nificant associations between tetracycline consumption 
in food-producing animals and tetracycline resistance 
were identified in both Salmonella spp. and Campylo-
bacter jejuni from humans. The latter is the consequence 
of the development of tetracycline resistance in Campy-
lobacter jejuni from poultry [28].

Sulfonamides were mostly detected in pig muscle and 
the highest number of positive compliant samples was 
registered during the year 2015 (Table 2). EFSA report, 
referring to 2015, shows that in the EU Salmonella spp. 

Table 2
Continued

Fluoroquinolones

Year 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

Sample N
 te

st
ed

N
 p

os
it

iv
e

N
 te

st
ed

N
 p

os
it

iv
e

N
 te

st
ed

N
 p

os
it

iv
e

N
 te

st
ed

N
 p

os
it

iv
e

N
 te

st
ed

N
 p

os
it

iv
e

N
 te

st
ed

N
 p

os
it

iv
e

N
 te

st
ed

N
 p

os
it

iv
e

N
 te

st
ed

N
 p

os
it

iv
e

N
 te

st
ed

N
 p

os
it

iv
e

N
 te

st
ed

N
 p

os
it

iv
e

Po
s/

to
ta

l 
sa

m
pl

es

Bovine muscle 21 - 58 - 20 - 5 - 1 - - - - - 1 - 1 - - - 0/107

Pig muscle 37 - 23 - 19 - 28 - 20 - 17 - 14 - 11 - 14 - 16 - 0/199

Poultry muscle 32 1a 36 1b 37 1c 6 - 25 - 21 1d 20 - 18 - 16 - 18 - 4/229

Turkey muscle - - 2 - 2 - 1 - - - - - - - - - - - - - 0/5

Fresh fish muscle 5 - 2 - 1 - 1 - 3 1e 2 - 3 - 4 - 5 - 3 - 1/29

Hen’s eggs 4 - 3 - 7 - 6 - 4 - 2 - 3 - 4 - 5 - 2 - 0/40

Bovine milk 6 - 4 - 2 - 2 - - - - - - - - - - - - - 0/14

105 128 88 49 53 42 40 38 41 39 5/623

aflumequine 47.9 µg/kg; bflumequine 25.4 µg/kg; cflumequine 30.0 µg/kg; denrofloxacin 22.0 µg/kg; eflumequine 20.0 µg/kg; the maximum residue limit (MRL) 
reported in UE Regulation 37/2010 is 100 μg/kg for enrofloxacin and 400 μg/kg for flumequine. N: number.
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was isolated from fattening pigs showing a high level of 
resistance to sulfamethoxazole (~52.6%). The same re-
port describes that Salmonella strains, isolated in 2015 
from humans, show a fair degree of resistance to sulfon-
amides/sulfamethoxazole (32.4%) [15, 29]. Data gath-
ered of 2019 and 2020 showed a degree of resistance of 
50.6% and 49.2% respectively [30]. It was found that 
high levels of Salmonella spp. detected in Italy are higher 
than in Europe.

In particular sulfamethoxazole results ineffective in 
44.9% of the cases, followed by tetracycline (40.4%) and 
ampicillin (37.4%) [31]. These data support the verified 
correlation between antibiotic resistance of Salmonella 
in humans, associated to antimicrobials consumption in 
the pig farms for food chain [32]. A recent survey of 
Marche region underlined a high resistance degree of 
Salmonella strains toward sulfisoxazole [26]. These find-
ings are very important as salmonellosis is one of the 
most frequent foodborne zoonosis, representing one of 
the major worldwide health concerns [30]. 

About fluoroquinolones, the positive compliant sam-
ples showed residues of the molecule flumequine which 
is used in human for the treatment of urinary tract in-
fections [33]. This is a second-generation fluoroquino-
lone, antibiotic used in poultry in the treatment of sys-
temic bacterial infection due to gram-negative bacteria 
including colibacillosis [34].

During 2019 AIFA [35] and EMA decided to re-
move this antibiotic (together to cinoxacin, nalidixic 
acid and pipemidic acid) from the trade of human 
medicines as responsible for many long-lasting and po-
tentially permanent adverse reactions. Thus, it is still 
available only for the veterinary purpose. This poses a 
serious problem about the risks to which humans are 
exposed through the consumption of food containing 
residues of this antibiotic [36]. From AIFA report [11] 
resulted that human consumption of fluoroquinolones 
in Umbria and Marche regions decreased from 2015 
(3.8 and 3.3 DDD/1000 ab die** for Umbria and 
Marche respectively) to 2021 (1.8 and 1.6 DDD/1000 
ab die** for Umbria and Marche respectively) as as-
sessed by the Italian antibiotics report [24]. However, 
the problem of resistance toward this class of mole-
cules is still high. Indeed, an Italian report of 2020 
showed how antibiotic resistance of Escherichia coli 
was above 30% toward fluoroquinolones, Pseudomonas 
aeruginosa was 29.4% towards levofloxacin and cipro-
floxacin was about 18%.

Moreover, few studies are available in literature deal-
ing with the contribution of low levels of flumequine 
in the induction of mutations and modifications re-
sponsible for antibiotic resistance. Such as Wood et 
al. observed some mutations on a virulent wild-type 
Aeromonas salmonicida induced by the exposure to low 
flumequine concentrations [35, 37].

The contribution to AMR of antibiotic residues in 
foodstuff is well documented by many scientific stud-
ies. It is well established that the presence of antibiotic 

** Average number of drug doses consumed daily by 1,000 inhabitants 
(AIFA 2020). 

residues below the MRL value promote the adaptation/
selection of resistant strains that become less sensi-
tive to antimicrobial agents that can pass to humans, 
by food consumption, with consequent AMR prob-
lem acceleration and spread. For this reason, despite 
the EU Regulation 37/2010 reports MRL of antibiotic 
molecules used in veterinary field, they must be consid-
ered the possible problems deriving from the use of UE 
Regulation 37/2010 compliant foods as that found in 
the present study (Table 2).

For many antibiotics the minimal selective concentra-
tion (MSC) has been defined. It represents the lowest 
antibiotic concentration that can lead in the enrichment 
of resistant bacteria in a strain population responsible 
for the selection of high-level resistant bacteria [21]. 
The antibiotics found in the positive compliant samples 
of the present study (Table 2) are: oxytetracycline, doxy-
cycline, tetracycline, sulfamonomethoxine, sulfamono-
methoxine, sulfamerazine, enrofloxacin, flumequine.

In a study performed on E. coli and Salmonella enteri-
ca strains, the growth of resistant bacteria was observed 
using tetracycline concentrations of 15 ng/ml (corre-
sponding to 1/100 of the minimum inhibitory concen-
tration MIC value) [38]. In a recent work, considering 
E. coli resistant strains, the MSC values were calculated 
for amoxicillin (0.08 mg/L - 0.8 mg/L), doxycycline (0.4 
mg/L - 4 mg/L) and enrofloxacin (0.0125 mg/L - 0.125 
mg/L) [39]. MSC identified for oxytetracycline was 0.1 
mg/L in E. coli strain [40] while in a recent study it was 
demonstrated that flumequine is able to increase the 
resistance by inducing mutations in E. coli GyrA gene 
at concentrations of 2 mg/L [41].

Comparing these concentrations with the MRL val-
ues of the antibiotics detected in the samples analyzed 
(Table 2), the main concerns could raise for tetracy-
cline, enrofloxacin, oxytetracycline which MSC found 
in literature are below the MRL values suggesting that 
the admitted concentrations represent a risk for AMR 
spreading both in animals and humans.

There is no global consensus on the best strategy to 
choose in order to alleviate the risks to human, animal 
and even environmental health [42] but many institu-
tions are very committed to solve this problem. The in-
stitutions involved in the changes and management of 
the system in the veterinary and human sectors in Italy 
are the Italian Ministry of Health, Zooprophylactic In-
stitutes (Istituti Zooprofilattici Sperimentali, IIZZSS), 
AIFA and ISS.

The European Commission, EMA, ECDC and EFSA 
support Member States to achieve the same goal. All 
draw inspiration from the World Organization for Ani-
mal Health (OIE) and the World Health Organization 
(WHO). During the US-EU summit in 2009, EU and 
United States (US) established the Transatlantic Task 
Force on Antimicrobial Resistance (TATFAR) in order 
to intensify the cooperation in the fight against AMR; 
EMA is a member of TATFAR.

The objective of the taskforce is to increase levels 
of communication, coordination and cooperation be-
tween the EU and the US on human and veterinary an-
timicrobials. In October 2015 a plan for the period up 
to 2020 was launched in New York and then extended 
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to Canada and Norway. It requires global cooperation 
increasing knowledge and awareness of the AMR prob-
lem together to its effects on global health. The vastness 
of the problem also requires the involvement of differ-
ent skills.

The One Health approach was adopted as part of 
a joint plan of action of WHO, Food and Agriculture 
Organization (FAO), World Organisation for Animal 
Health (WOAH) and United Nations Environment 
Programme (UNEP). In the scenario of AMR, it has 
the objective to “preserve antimicrobial efficacy and en-
sure sustainable and equitable access to antimicrobials 
for responsible and prudent use in human, animal and 
plant health”.

The control of specific pathogens and AMR have been 
extensively funded under European research initiatives 
such as FP7, Horizon 2020 and Innovative Medicines 
Initiative (IMI). The surveillance of AMR is the result 
of the collaboration between EMA, EFSA and ECDC.

Based on the One Health approach, on 30th No-
vember 2022, the “Piano Nazionale di Contrasto 
all’Antibiotico-Resistenza (PNCAR) 2022-2025” was 
approved in Italy aiming to control AMR through the 
following points: i) surveillance and monitoring of both 
antibiotic consumption and AMR; ii) prevention of in-
fectious diseases, zoonoses, healthcare-associated and 
community-acquired infections; iii) correct use of an-
tibiotics both in human and veterinary field as well as 
correct disposal of antibiotic-contaminated wastes.

CONCLUSIONS
The data report referring to 2012-2021 presented in 

this paper, dealing with the search of antibiotic residues 
in muscles, milk and egg samples, showed that in Um-
bria and Marche regions no positive non-compliant (ir-
regular) samples were detected.

Despite the obtained results are promising in the per-
spective of public health preservation however some 
concerns may arise about the positive samples even 
though these samples are compliant to the maximum 

residue limits reported in the UE Regulation 37/2010. 
The consumption of such food samples can contribute 
to the expansion of AMR in both humans and animals 
as the low concentrations of antibiotic residues could 
be responsible for resistant strains selection. What 
strategies could be adopted to do this? In the perspec-
tive of One Health concept, the European regulation 
EU 2019/6 about veterinary medicines has the objec-
tive to introduce restrictions to limit the use of antibi-
otics to 50% within 2030 in farmed and aquaculture 
animals. For example, it could be useful to consider a 
prolonged wash-out period, after a therapeutic treat-
ment, in order to reach the complete elimination of 
antibiotics residues in the animal body. Undoubtedly 
the habitual use of antibiotics must be avoided and it 
is necessary to find suitable alternatives to convention-
al antimicrobial treatments, when applicable. Thanks 
to the advancements of biotechnology and genetic en-
gineering it is possible to exploit new strategies both 
as prevention (e.g., probiotics) and as therapy (e.g., 
antimicrobial peptides). Also, natural sources can be a 
valuable tool in the search of new antimicrobial agents 
as well.
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Abstract
Background. During summer, beach authorities are charged with ensuring the safety 
of beach visitors, which includes promoting safe behaviour via educational efforts. The 
purpose of this study was to describe the processes of development and implementation 
of a promotional project for beach safety. 
Methods. A multidisciplinary task force developed the informational material and the 
content to be provided following the principles of the Health Belief Model (HBM). The 
health promotion addressed a wide range of topics and was delivered at 65 bathing facili-
ties along the Lazio coast (Central Italy) from June 2, 2023, to September 10, 2023. To 
evaluate the feedback of the promotion activities, the attendees were asked to answer a 
post-event self-evaluation survey.
Results. 1,032 people responded to the questionnaire about satisfaction and utility lev-
els. Participants’ overall satisfaction scores (98% rated “excellent” or “good”) and util-
ity (88%) were high, with higher satisfaction levels for the women, those with higher 
education, and Italian citizens. Most participants reported that the material was easy 
to understand; the contents were comprehensive; and the healthcare professionals were 
prepared, engaging, and available.
Conclusions. This project showed that approaching the summer visitors in the place 
time is a feasible and well-accepted strategy for summer health-related education.  

Address for correspondence: Serenella Savini, Azienda Sanitaria Locale Roma/4, Via Terme di Traiano 39/A, 00053 Civitavecchia (Rome), Italy. E-mail: 
serenella.savini@aslroma4.it.

INTRODUCTION
During the summer, beaches can face various chal-

lenges and problems, often related to the increased 
number of visitors and environmental factors [1]. Some 
of the most frequent problems at beaches include safety 
concerns like drownings, beach accidents (contact with 
jellyfish/weever fish, heat stroke), and water-related 
incidents [2]. Beach accidents and water-related inci-
dents represent a major public health problem associ-
ated with significant personal, societal and economic 
costs [2, 3].

The beaches on the Lazio coast in Central Italy are 
tourist-oriented and residential with a population that 
significantly increases during the summer months. Sun-
bathing on the Lazio beaches is one of the main attrac-
tions for Italian and foreign tourists, mainly because of 
the beaches’ closeness to Rome.

International visitors are often considered to be an “at 
risk” group at beaches due to their unfamiliarity with 
the environment and associated hazards, and a lack of 
attention to safety details as part of being on holiday 
[3, 4].

Lifeguard services may be strained during peak times, 
and efforts by local authorities and community organ-
isations are essential to address and mitigate summer 
beach-related concerns. To prevent and decrease the 
risks associated with environmental hazards on the 
beaches and health conditions related to these risks, 
it is crucial to focus on raising awareness about water 
safety and to provide helpful information to ensure 
the well-being of beach visitors. Health promotion 
programmes are initiatives designed to improve the 
health and well-being of individuals and communities 
by enabling people to take control of their health and 

mailto:serenella.savini@aslroma4.it
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its determinants. They should include a settings-based 
approach to promote health in specific settings (e.g., 
schools, workplaces, residential areas, markets) [5] to 
address priority health problems by taking into account 
the places where people live and work [6].

The “safe beaches” education project has embraced 
this vision by creating an action plan based on com-
munities’ health problems and needs and offering pro-
grammes and education to meet them. 

The main aim of the project was to heighten health 
awareness and changes in attitudes and beliefs on beach 
safety or beach accident prevention. The theoretical ba-
sis of the project was built on the Health Belief Model 
(HBM) [7], a framework created to explain the lack of 
participation in public health service programmes. Ac-
cording to the HBM, an individual makes behavioural 
changes based on their perception of the severity of the 
potential illness, susceptibility to the illness, benefits of 
changing their behaviour to prevent or reduce the ef-
fect of the illness, and obstacles to the recommended 
behavioural change [8]. 

The project was launched as a pilot project by one 
healthcare organisation in 2022 to test its feasibility 
[9]; after this, the same project was launched by three 
healthcare organisations coordinated by the Board of 
Nurses of Rome (Ordine Professioni Infermieristiche, 
OPI) with the patronage of the Lazio Region. 

The purpose of this study was to describe the process-
es of development and implementation of the project 
and to evaluate the achievements of the programme in 
terms of project’s activities and services (process evalua-
tion) and programme results (outcome evaluation).

 
METHODS
The “safe beaches” promotion programme
Theoretical basis of the project

The rationale for the efficacy of the project relies on 
the HBM [7] according to which the desired behav-
ioural change is positively influenced by enabling people 
to understand the potential benefits of reducing some 
health hazards and by empowering them to implement 
behavioural changes. The combination of specific out-
reach (identifying hazards at the beaches), education, 
and empowerment (simulation) was believed to be es-
sential to the programme’s success [10]. For example, 
regarding tanning, the HBM suggests that individuals 
will engage in sun protection (e.g., wear sunscreen) if 
they perceive themselves to be vulnerable (due to family 
cancer history and skin type) to a severe health threat 
(skin cancer) and believe that the benefits associated 
with engaging in the protective behaviour (diminishing 
risk for skin cancer) outweigh the costs (money spent 
on sunscreen). 

Following the model, the efforts to develop the edu-
cational materials and information provided were di-
rected towards influencing individual health behaviours 
by addressing various psychological factors, as follows:
• perceived susceptibility: informational materials in-

clude data, statistics, and scenarios that emphasise 
the likelihood of individuals being at risk (e.g., for 
heat exhaustion and heat stroke). The materials help 
users recognise their personal vulnerability;

• perceived severity: the content and the provided in-
formation highlights the serious consequences of not 
addressing the health issue (e.g., for heat exhaustion: 
confusion, altered mental status, loss of conscious-
ness) and includes testimonials that make the threat 
of the condition more tangible;

• perceived benefits: the materials present clear, ac-
tionable steps and explain how taking preventive 
measures or seeking treatment could improve health 
outcomes (e.g., for heat exhaustion: explaining the 
benefits of drinking plenty of water and wearing loose 
fitting, lightweight clothing);

• perceived barriers: the contents address and alleviate 
common barriers/perceptions (e.g., for heat exhaus-
tion: the amount of sun exposure to obtain a perfect 
tan) and provide solutions, alternatives, and encour-
agement to reduce these barriers (e.g., phototypes, 
UV index). 
For further details, the topics addressed in the edu-

cational sessions, structured around the factors of the 
Health Belief Model, are available online as Supplemen-
tary Materials (Appendix A). The developed materials 
can be accessed at the following link: https://opi.roma.
it/spiagge-serene-2023/.

Development
The project committee planned and coordinated the 

health promotion programme, determining the specific 
health issues that require attention to improve safety 
at beaches. Since the health promotion programmes 
should be synergistic and cannot be effectively ad-
dressed through interventions focused on a single life-
style [11], a multidisciplinary task force composed of 
nurses, midwives, dieticians, physiotherapists, and so-
cial workers was instituted. The health promotion pro-
gramme was based on a wide range of topics, such as 
healthy dietary habits, beach hazards, water safety, sun 
safety awareness, breastfeeding and women’s personal 
hygiene at the beach (e.g., menstrual hygiene), and 
physical activity, while first aid and emergency response 
were demonstrated through basic life support defibril-
lation (BLSD) and drowning simulations. These simu-
lations were performed by well-trained personnel who 
demonstrated the proper management of beach emer-
gencies. The task force developed the informational 
material (brochures, booklets, posters, etc.) intending 
to integrate and complement the proposed topics while 
appealingly presenting them and following the princi-
ples of the HBM. The combination of specific outreach 
(identifying beach hazards in participants’ personal 
experience), education, and empowerment (providing 
skill through simulations) was believed to be essential 
to program success.

Implementation
The committee planned programme activities, sched-

uling places, dates, and timetables. It also determined 
the modalities of the programme, identified the resourc-
es, and invited public and not-for-profit community or-
ganisations and voluntary healthcare providers. In or-
der to gather as many beachgoers as possible, the “safe 
beaches” project was publicised extensively through 

https://opi.roma.it/spiagge-serene-2023/
https://opi.roma.it/spiagge-serene-2023/
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various sources: websites, social media, interviews, 
and posters put up throughout the beaches. The “safe 
beaches” project was held at 48 bathing facilities along 
the Lazio coast between 10 am and 6 pm from June 2, 
2023, to September 10, 2023. The timetable is available 
from: https://opi.roma.it/spiagge-serene-2023/.

During the activity days, a multidisciplinary team 
provided health promotion interventions using the 
informational material. The team walked along the 
beaches interacting with beachgoers both through di-
rect one-to-one communication and at the users’ beach 
resorts, talking to groups of a maximum of five people. 
The content of each educational session consisted of 
a minimum 15-minute session based on the topic on 
which the beachgoers declared they were most inter-
ested. Indeed, given the multidisciplinary nature of the 
educational project, which encompasses a wide range of 
topics, it was impractical to address all subjects within 
a single session. Consequently, participants were con-
sulted to identify the topics of greatest interest, forming 
the basis of the educational session. 

During the educational session beach goers were 
asked about their health beliefs on the chosen topic as 
follows: 
• perceived susceptibility (how likely do you think you 

are to experience [health issue]?);
• perceived severity (how serious do you believe the 

consequences of [health issue] are?);
• perceived benefits (what do you think are the benefits 

of taking [health action]?);
• perceived barriers (what factors might prevent you 

from taking [health action]?).
Then, based on the beachgoers’ responses and the 

arguments outlined in Appendix A available online as 
Supplementary Materials, the healthcare providers en-
hanced participants’ knowledge about beach health and 
safety and provided guidance on how to modify their 
behaviours accordingly.

Furthermore, beach visitors were invited to the BLSD 
stations, where instructors offered cardio-pulmonary 
resuscitation simulations using a semi-automatic defi-
brillator and demonstrated what to do in the case of a 
drowning situation. As part of the drowning simulation 
program, prepared instructors collaborated with trained 
rescue dogs to demonstrate water rescue techniques. This 
initiative was specifically designed to enhance the pro-
gram’s appeal to beachgoers, making it both educational 
and engaging. Specifically, all the drowning simulations 
were based on the following actions designed to enhance 
safety during summer beach outings mainly points: 
• teach children and inexperienced swimmers to stay 

in designated swimming areas marked by safety flags;
• check beach safety warnings, weather conditions, and 

tide schedules before visiting;
• observe and adhere to posted signs about dangerous 

areas, such as sudden drop-offs or strong currents;
• avoid swimming during adverse weather conditions 

or when red or double red safety flags are displayed;
• provide life jackets for children, non-swimmers, and 

those engaging in water sports;
• use floating devices cautiously, as they can drift into 

deeper waters or strong currents;

• avoid alcohol consumption while swimming or super-
vising swimmers;

• never swim alone; use the buddy system to monitor 
each other’s safety;

• act quickly if someone shows signs of distress: signal 
for help and avoid putting yourself at risk; 

• reach or throw lifesaving equipment to the person in 
need, but do not enter the water unless trained to 
perform rescues;

• perform cardiopulmonary resuscitation (CPR) im-
mediately if a drowning victim is unresponsive after 
being pulled from the water.
By combining these proactive measures with a com-

mitment to safety and awareness, beachgoers can sig-
nificantly reduce the risk of drowning and enjoy a safer 
summer at the beach.

Evaluation
Study population 

To evaluate the feedback of the “safe beaches” pro-
motion activities, the attendees were asked to answer 
a post-event self-evaluation survey by scanning a QR 
code printed on the materials distributed. Everyone 
who had participated in the activities or received health 
information on the beach could respond. Before an-
swering, they provided written informed consent.

Measures
The research team collected responses between June 

2023 and September 2023. The survey consisted of 14 
questions and was designed with a focus on two main 
domains: the satisfaction and the utility perceived. 

In the survey, respondents were asked to provide: (i) 
a Likert scale rating for satisfaction; (ii) a Likert scale 
rating for utility; and (iii) any additional suggestions or 
comments in an open text box. The survey also included 
two questions on respondents’ general impressions and 
included space for suggested improvements.

Statistical analysis
Data were collected and analysed by researchers in-

volved in the project.
To describe and compare the study participants’ char-

acteristics, frequencies, means, and standard deviations 
were calculated. A chi-square test of independence was 
performed to examine the association between gender 
(male, female), education level (primary, secondary, 
high, university), and nationality (Italian, other), with 
responses to the questions related to the satisfaction 
and utility of the project. The assumptions of the chi-
square test were checked, ensuring that all expected 
cell frequencies were ≥5. Statistics were analysed using 
SPSS version 23. 

The data were presented alongside qualitative com-
ments and suggestions.

RESULTS
The healthcare professionals provided the health 

education intervention to increase the participants’ 
knowledge and behaviours related to beach safety. With 
respect to the coverage of the “safe beaches” project, 
during the three months of “safe beaches” activities (be-

https://opi.roma.it/spiagge-serene-2023/
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tween June 2023 and September 2023), 1,032 people 
responded to the questionnaire about satisfaction and 
utility levels.

Approximately 10,000 brochures were distributed 
during the educational sessions. The themes cho-
sen most by beachgoers were on first aid, nutrition 
and feeding, and the impact of sun exposure on bone 
health. As for the general characteristics of participants, 
the mean age of respondents was 42.7 (±SD16) years, 
the majority (64.3%) of the respondents were female, 
and around 48% had a university degree. Non-Italian 
citizens accounted for 6.9% of the sample. 

Socio-demographic characteristics of the participants 
are summarized in Table 1.

Programme delivery and result evaluation
Overall, most participants were very satisfied with 

the educational project. On a 4-point scale, 98% of 
the participants rated the programme as “excellent” or 
“good”, and almost 100% responded that they would 
recommend participation in the programme to their 
friends. Specifically, a majority of participants per-
ceived that things learned during the programme were 
useful and practical (88%); the material was easy to 
understand (90%); the contents were clear (89%) and 
comprehensive (86%); and the healthcare profession-

als were prepared (90%), engaging (90%), and available 
(92%) (Table 2). Approximately 85% responded that 
the programme was organised well overall and was run 
smoothly. However, the least positive experiences were 
reported with regard to accessibility, dissemination, 
and the effectiveness of publicity; indeed, 61% of the 
visitors were at the beach by chance, without having 
had the opportunity to plan their involvement in ad-
vance. The results summarized in Table 3 indicate that 
women generally exhibit a higher level of satisfaction 
than men (X²=16.1, p=0.013), individuals with higher 
education tend to be more satisfied with the program 
(X²=21.9, p=0.009), and Italians report greater satis-
faction compared to foreigners (X²=10.5, p=0.015). 
The evaluation score related to utility was higher for 
younger participants (X2=20.2, p=0.043) than for older 
ones (Table 4).

Participants’ free comments
Many respondents suggested desired activities/servic-

es in future programmes (n=20), made general sugges-
tions (n=10), and wrote free comments (n=3). Respon-
dents suggested several improvements for future health 
programmes, including more extensive promotion of 
the programme, sufficient time for health simulation, 
extension to other social meeting places, and sustained 
health programmes regularly over the year rather than 
as one-time summer events. As for future desired activi-
ties/services, various topics were suggested, including 
what lifeguards do and how they can help people, what 
to do in case of drowning, and what constitutes inap-
propriate beach behaviour, with a section on respecting 
the beach, yourself, and others.

DISCUSSION
The results demonstrated that the “safe beaches” 

programme effectively provided opportunities for 
beach visitors to access health information and avail-
able health services and resources as well as to improve 
knowledge, skills, and self-confidence. The educational 
interventions provided by the healthcare providers al-
lowed participants to learn how to prevent or reduce the 
risk of an adverse outcome at the beaches, obtain skills 
on first aid and emergency response, and increase their 
knowledge on a variety of summer-related issues.

This programme demonstrated the feasibility of de-
livering health promotion programmes at beaches that 
represent unique settings for families’ health promo-
tion and positive environments that empower and 
encourage healthy behaviours [12]. Indeed, natural 
environments are increasingly being considered key 
settings for health promotion [13, 14]. The efforts to 
promote beach visitors’ health can also positively affect 
the health of the overall community. As beach visitors 
are expected to be engaged in the wider world (e.g., 
with family, the elderly, and vulnerable people), their 
health promotion will disseminate health messages and 
resources to the less-connected sectors of society. Fur-
thermore, beach visits are often undertaken by groups 
of people rather than by individuals, indicating a social 
dimension to visits during which health promotion can 
be spread.

Table 1
General characteristics of the of Post-Event Survey Participants 
(n=1,032)

Variables Frequency (%)

Gender Male 353 (34.2)

Female 664 (64.3)

Missing 15 (1.4)

Age Mean (SD) 42.7 (16)

Education Primary 13 (1.3)

Secondary 88 (8.5)

High school 440 (42.6)

University 491 (47.6)

Citizenship Italy 831 (80.5)

Foreign 71 (6.9)

Missing 130 (12)

How people find out 
about the programme

Internet, e-mail 31 (3)

On-site 
participation

638 (61)

Institutional 
announcement

66 (6.4)

Social media 62 (6)

Word of mouth 127 (12)

Others 108 (10)

Frequency of visits to 
the beaches 

Almost never 41 (4)

<1 month 364 (35)

1< months <3 366 (35)

3< months <6 261 (25)

SD: standard deviation.
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Table 2
Participants’ level of satisfaction with the “safe beaches” project

Overall, how satisfied were you with the educational project?

   Very satisfied
   Satisfied
   Neither satisfied nor dissatisfied
   Dissatisfied

841 (81)
181 (17)

8 (0.8)
2 (0.2)

How do you rate the usefulness of the project?

   Excellent
   Good
   Sufficient
   Insufficient

514 (49)
409 (39)
103 (10)

6 (0.6)

How do you rate the clarity, completeness, and understanding of the informational material?

Clarity Completeness Understanding

    Excellent
    Good
    Sufficient
    Insufficient

530 (51)
394 (28)
103 (10)

3 (0.3)

484 (46)
420 (40)
122 (12)

6 (0.6)

531 (51)
400 (39)

97 (9.4)
4 (0.4)

How do you rate the professionalism, availability, preparation, and involvement of the operators?

Professionalism Availability Preparation Involvement

   Excellent
   Good
   Sufficient
   Insufficient

588 (57)
360 (34)

80 (7.8)
4 (0.4)

600 (58)
353 (34)

74 (7.2)
5 (0.5)

594 (57)
356 (34)

78 (7.6)
4 (0.4)

587 (56)
355 (34)

83 (8)
7 (0.7)

How do you rate the structure and organization of the educational sessions?

   Excellent
   Good
   Sufficient
   Insufficient

557 (54)
319 (31)
150 (15)

6 (0.6)

Would you recommend participation in the project to relatives/friends?

   YES 1,029 (99.7)

  NO 3 (0.3)

Table 3 
Demographics of Post-Event Survey Participants and percentage of satisfaction in brackets

N (%) X2 (p value)

Dissatisfied Neither satisfied nor 
dissatisfied

Satisfied Very 
satisfied

Education Elementary 0 0 2 (15.4) 11 (84.4)

Secondary 0 2 (0.4) 21 (23.9) 65 (73.9)

High school 1 (0.2) 4 (0.9) 97 (22) 338 (76.8)

University 1 (0.2) 2 (0.4) 61 (12.4) 427 (87) 21.9 (0.009) 

Gender Female 0 4 (0.6) 108 (16.3) 552 (83.1)

Male 1 (0.3) 12 (3.4) 69 (19.5) 271 (76.8) 16.1 (0.013)

Citizenship Italy 2 (0.2) 5 (0.6) 134 (16.1) 690 (83)

Foreign 0 0 22 (31) 49 (69) 10.5 (p=0.015)

Age <15 0 1 (4.3) 7 (30.4) 15 (65.2)

16-26 1 (0.5) 2 (1.1) 41 (21.9) 143 (76.5)

27-37 0 0 33 (16.9) 162 (83.1)

38-48 0 2 (1) 20 (10.1) 177 (88.9)

49-59 1 2 (0.8) 48 (19) 201 (79.8)

60-70 0 0 26 (17.6) 122 (82.4)

>70 0 1 (3.6) 6 (21.4) 21 (75) 26.6 (0.08)

Frequency 
of visits to 
the beaches

Almost never 0 0 12 (29.3) 29 (70.7)

<1 month 0 2 (0.5) 67 (18.4) 295 (81)

1< months <3 1 (0.3) 4 (1.1) 70 (19.1) 291 (79.5)

>3 months 1 (0.4) 2 (0.8) 32 (12.3) 226 (86.6) 12.06 (0.21)

N: number; X2: chi-square test; in bold: statistically significant results.
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Participants positively evaluated most of the pro-
cesses of the programme activities and services, while 
some improvements will be needed in the areas of ac-
cessibility, dissemination, and the effectiveness of the 
publicity. With respect to satisfaction, from this study 
it emerged that satisfaction was significantly higher for 
women, for those with higher education, and for Italian 
citizens. It is reasonable to think that the topics cov-
ered by the programme (e.g., healthy dietary habits, sun 
safety awareness, breastfeeding and women’s personal 
hygiene at the beach, physical activity) are of greater 
interest to women. Moreover, it is well recognised that 
the more educated people are, the more they appreci-
ate the health promotion programme; this is quite chal-
lenging, as it is those who are less educated who most 
need to be involved in such initiatives.

Healthcare providers are called on to take into ac-
count the specific needs of the less-educated popula-
tion [15]; as with mental health issues, specialist skills 
and specific care pathways for the involvement of the 
less-educated population and non-Italian citizens 
should be enhanced by investing in dedicated training 
and staff. It could be useful to increase the availability 
of cultural mediators and the use of multilingual mate-
rials as key strategic actions to reaching out to foreign 
beach visitors [16]. The participants highly valued the 
multi-professional and intersectoral debate of the proj-
ect, and the high level of utility and satisfaction con-
firmed the importance of developing interventions and 
programmes within a common framework [7, 8, 10] to 
help guide future actions.

The utility of the project was perceived as higher by 
the younger participants; this is of particular impor-
tance as younger people are regular beach users who 

are knowledgeable and mostly aware of beach-related 
hazards and risks but often do not make the safest deci-
sions [17]. Moreover, the WHO pointed out that peo-
ple aged 5-14 years are more exposed to unintentional 
injury at beaches than those of other ages [18].

We hope that attending the “safe beaches” health pro-
motion programme [10] based on the HBM framework 
[8, 19] increased the participants’ ability to perceive the 
benefits of positive behaviour and to discourage harm-
ful behaviour as well as driving behavioural change.

Limitations
Various limitations of the project should be noted.
First, the relationship between the programme and 

behavioural changes was not addressed, as we only re-
ported the level of satisfaction and utility of the proj-
ect without investigating the impact (e.g., behavioural 
changes, reduction in incidents at the beaches). In prac-
tice, however, no single evaluation is likely to address all 
dimensions of health promotion programmes; indeed, 
the effectiveness of such activities remains weak or in-
consistent effects have been reported [20].

Second, we used convenience sampling and not a rep-
resentative sample of all the participants. Obtaining a 
representative sample in a public health programme is a 
major challenge because those programmes are usually 
held as open-ended and unstructured events in a public 
space with many people coming and going. Since our 
participants were similar concerning geography (citi-
zens and city of residence), the results may not be gen-
eralizable to other communities.

Third, as the survey was conducted during the pro-
gramme, we cannot be sure the participants’ reported 
perceptions will be sustained in the long term.

Table 4
Demographics of attendees at ‘safe beaches’ program and evaluation of usefulness in numbers and percentages

N (%) X2  (p value)

Insufficent Sufficent Good Excellent

Education Elementary 0 3 (23.1) 2 (15.4) 8 (61.5)

Secondary 1 (1.1) 7 (8) 33 (37.5) 48 (54.4)

High school 2 (0.4) 50 (11.5) 185 (42.6) 199 (45.9)

University 3 (0.6) 43 (8.8) 189 (38.5) 259 (52.7)

Gender Female 2 (0.3) 66 (10) 273 (41.2) 324 (48.9)

Male 3 (0.8) 31 (8.9) 133 (38.1) 185 (53) 10.4 (0.12)

Citizenship Italy 2 (0.2) 89 (10.7) 334 (40.3) 405 (48.9)

Foreign 3 (0.3) 7 (10.1) 28 (40.6) 34 (49.3) 0.24 (0.98)

Age <15 2 (9.1) 10 (45.5) 10 (45.5)

16-26 1 (0.1) 19 (10.2) 82 (44.1) 85 (45.7)

27-37 3 (1.5) 8 (4,1) 77(39.7) 109 (56.2)

38-48 2 (1) 18 (9) 81 (40.7) 100 (50.3)

49-59 0 36 (14.3) 102 (40.6) 113 (45)

60-70 0 16 (11) 48 (32.9) 82 (56.2)

>70 0 4 (14.3) 9 (32.1) 15 (53.6) 20.2 (0.043)

Frequency of 
visits to the 
beaches

Almost never 1 (0.3) 7 (18.4) 15 (39.5) 16 (42.1)

<1 month 3 (0.8) 38 (10.4) 148 (40.7) 178 (48.9)

1< months < 3 2 (0.5) 37 (10.1) 143 (39.2) 185 (50.7)

>3 months 0 21 (8.1) 103 (39.8) 135 (52.1) 4.6 (0.54)

N: number; X2: chi-square test; in bold: statistically significant results.
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CONCLUSIONS
This project has clearly shown that approaching the 

summer visitors in the place where they spend their free 
time is a feasible and well-accepted strategy for summer 
health-related education, including cardio-pulmonary re-
suscitation simulations to use in cases of drownings. The 
lessons learned from this project are particularly impor-
tant as the results demonstrated the utility and satisfac-
tion related to a health promotion project design on the 
HBM that addressed the key beliefs capable of influenc-
ing health-related behaviours in an open-ended setting 
such as beaches. We believe our results would be useful 
for sharing information on the planning and implement-
ing of future beach health promotion programmes.

We claim that although health promotion programmes 
have become very popular in recent years, their suc-
cessful implementation remains weak, and evaluation 
suffers from a shortage of evidence. Further efforts are 
needed to develop a balanced programme of monitor-
ing, process evaluation, and outcome evaluation to un-
derstand which health activities are successful and why. 
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Abstract
Introduction. In health impact assessment, relative excess measures of effect are used 
in combination with exposure and outcome data to estimate the health impacts under 
an alternative exposure scenario. The aim of this study is to propose: a classification of 
relative excess measures of effect functional for health impact assessment; a standard 
and general framework for calculating health impacts; different approaches when using 
data at different spatial resolutions. 
Methods and results. A classification of the relative excess measures of effect was pre-
sented, introducing a new measure. A standard framework for calculating attributable 
and preventable cases based on the nature of the exposure and the imagined change in 
exposure was described. The marginal and conditional approaches to calculate health 
impacts using data at different spatial resolutions were illustrated.
Conclusions. The proposed methods and frameworks are designed to be applicable to a 
range of different situations. As health impact assessment continues to evolve, the insights 
and tools provided in this paper could help guide effective and equitable assessments, 
ultimately contributing to better public health decisions and outcomes.
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INTRODUCTION
Health impact assessment (HIA) is a method for eval-

uating how a proposed policy, programme, or initiative 
might affect the health of a community. Recommenda-
tions are made to decision-makers and stakeholders 
to maximize the beneficial and minimize the harmful 
health effects of the proposal. The method combines 
quantitative, qualitative, and participatory approaches, 
making it applicable to a wide range of economic sec-
tors. To proactively promote health and prevent illness 
or injury, it helps decision-makers to choose between 
alternatives and improvements [1-8].

A common approach in health impact assessment is 
to use exposure-response functions from previous stud-
ies. Typically, health impact assessment, also known as 
epidemiological risk assessment (ERA), uses relative 
excess measures of effect in combination with expo-
sure and outcome data to estimate the health impacts 
under an alternative exposure scenario. The exposure-
response functions used for the assessment are mainly 
taken from meta-analyses to ensure the reliability of the 
estimates [2, 3, 9-24]. Most studies and technical docu-
ments focus on assessing the health impacts of harmful 
exposures (typically air pollution), while less attention 
has been paid to the health impacts of beneficial expo-
sures (e.g., green spaces) [2-4, 7, 8, 13-24]. Different 

approaches and equations have been used, depending 
on the research question, the quality of the available 
data, and the working group [1-24].

By drawing on the reference literature on epidemio-
logical measures and using mathematical derivations, 
this paper attempts to fill the knowledge gap on a 
global framework of standard equations. The first aim 
of this study is to propose a classification of relative 
excess measures of effect that is functional for health 
impact assessment. The second objective is to propose 
a standard and general framework for estimating health 
impacts in different situations. The third goal is to pro-
pose different approaches to calculating health impacts 
when using data at different spatial resolutions.

METHODS
Rationale and assumptions

The present work builds on and extends the defini-
tions of effect measures provided by leading epidemiolo-
gy texts in an attempt to establish a standard and gener-
al framework [9-12]. Concepts and equations are based 
on a counterfactual framework. Namely, one population 
of size N is considered under two alternative scenarios, 
baseline – or actual or factual – and counterfactual. The 
reported definitions are referred to as counterfactual or 
potential-outcome definitions because at least one of 
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the two conditions is contrary to fact. The population 
may be exposed or non-exposed. If the population is 
exposed, then the non-exposed condition is counterfac-
tual, and if it is non-exposed, then the exposed condi-
tion is counterfactual. Association measures are referred 
to as effect measures after assuming reasonable absence 
of bias in the estimation of the exposure-response func-
tions. Strictly speaking, we could never observe a true 
effect measure. In fact, a true effect measure compares 
what would happen to one population under two pos-
sible but different conditions, only one of which can 
occur. It is a theoretical – some would say “metaphysi-
cal” – concept in that it is logically impossible to observe 
the population under both conditions, and therefore 
logically impossible to see the magnitude of the effect 
directly. In contrast, we necessarily use measures of as-
sociation from studies that compare what happened in 
different populations. Identifying these measures with 
measures of effect in a single population is an approxi-
mation that assumes there is no bias in the estimation 
of the measure. A further assumption is the transport-
ability of the measures from the populations observed 
in the analytical studies to the population to which the 
effect measures are applied. The terms “exposure” and 
“non-exposure” denote the index and reference condi-
tions respectively. Only adverse outcomes are consid-
ered in the present study. For simplicity reasons, only 
risk measures are considered in this study. In the present 
study, the term “cases” is used to denote the incident 
cases (new cases) that occur in a given period of time 
in a population at risk of size N at the beginning of the 
period. Similar effect measures can be calculated using 
rate or odds measures, and an analogous health impact 
assessment methodology can be applied by using these 
measures under the rare disease assumption [1-24].

Classification and calculation of relative excess 
measures of effect

In a population of size N, the attributable risk (AR) 
or risk difference (RD) or excess risk (ER) represents 
the quantity which is added to the risk by the exposure 
(absolute effect measure or excess measure of effect). 
By using the risks in the exposed (R1) and non-exposed 

(R0), or the number of cases in the exposed (C1) and 
non-exposed (C0), or the number of attributable cases 
(AC), it is defined according to equation 1.

The relative risk (RR) or risk ratio (RR) represents the 
quantity by which the risk is multiplied by the exposure 
(relative effect measure or ratio measure of effect). It is 
defined according to equation 2.

Sometimes, it could be useful to consider the nega-
tive attributable risk (–AR) or preventable risk (PR), the 
negative attributable cases (–AC) or preventable cases 
(PC), and the reciprocal relative risk (1/RR or RRR) ac-
cording to equations 3 and 4.

Further definitions are provided in Note 1 available 
online as Supplementary Materials. Relative excess mea-
sures of effect can be calculated by dividing an abso-
lute effect measure by (relative to) the non-exposed or 
exposed risk. These definitions have been used in the 
present work to provide, using mathematical deriva-
tions, a simple and systematic classification of the rela-
tive excess measures of effect that could be functional 
for health impact assessment [1-24]. New effect mea-
sures (preventable risk, reciprocal relative risk and ex-
cess reciprocal relative risk) have been proposed.

Classification and calculation of health impacts
Health impact assessment can be thought as a “re-

verse” study design. In a classical analytical study, out-
come data under two exposure scenarios are compared 
to estimate an effect measure. In health impact assess-
ment, an estimated effect measure and the outcome 
data under one exposure scenario (baseline) are com-
bined to estimate the change in outcome data (health 
impacts) under an alternative exposure scenario (coun-
terfactual) [1-24].

The functional classification of relative excess mea-
sures of effects, in conjunction with the literature, has 
been used in the present work to develop a simple and 
standard framework for the classification and calcu-
lation of attributable and preventable cases in health 
impact assessment [1-24]. This approach combines the 
baseline data with one of the four relative excess mea-
sures of effects, based on the nature of the exposure 
and the imagined change in exposure. The nature of the 
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exposure refers to the expected effect of the exposure 
in relation to the non-exposure: harmful or beneficial 
to human health. The imagined change in the exposure 
refers to the counterfactual exposure in relation to the 
baseline exposure: an increase if the baseline exposure 
is the non-exposure and the counterfactual exposure 
is the exposure, or a decrease if the baseline exposure 
is the exposure and the counterfactual exposure is the 
non-exposure. The attributable or preventable cases 
estimated according to the proposed methodology can 
also be used to calculate other forms of health impacts, 
such as the attributable or preventable years lived with 
disability (YLD) or years of life lost (YLL), the calcula-
tion of which is beyond the scope of this paper.

Calculation of health impacts using data at different 
spatial resolutions

Health impact assessments often combine different 
sources and types of data, so it is common to use data with 
different spatial levels of measurement. Often, baseline 
outcome data are available with lower spatial resolution 
with some degree of statistical aggregation (area level, 
less detailed) [25], while population and exposure data 
are available with higher spatial resolution (population 
level, more detailed) [8, 22, 23, 26]. For example, the 
total number of deaths (baseline outcome data) could 
be available for the municipal level (less detailed, lower 
resolution), while residential greenness (population and 
exposure data) can be available at the infra-municipal 
level (more detailed, higher resolution) [8, 25, 26]. Ba-
sically, there are different exposure values for the same 
baseline outcome value. When population and exposure 
data are more detailed than the baseline outcome data, 
two main approaches can be used to calculate the mea-
sures of effect [8, 9, 11, 13, 19, 20, 22, 23].

One approach is to use the more detailed data to cal-
culate the population-weighted exposure (PWE), which 
can be used to calculate the effect measure for the less 
detailed level. Another possible approach is to calculate 
the effect measures for the more detailed level, and to 
combine them for the less detailed level. In both ap-
proaches, the calculated relative effect measure can ulti-
mately be used to estimate the impacts at a less detailed 
level, where the baseline outcome data are available [8].

Using an epidemiological terminology and referring 
to the level of calculation of the relative risk, the present 
work proposes to define these two approaches as “mar-
ginal” and “conditional” with respect to the population 
(i.e., the more detailed level of measure). Standard 
analytical solutions with mathematical derivations are 
elaborated for the two approaches. Two different spatial 
units are considered, with the area unit representing the 
less detailed level (e.g., the municipality) and the popu-
lation unit the more detailed level (e.g., the census tract 
or the population polygon or point) [8, 20, 25, 26].

RESULTS
Classification and calculation of relative excess 
measures of effect

Relative excess measures of effect can be calculated 
for a harmful or beneficial exposure and on the basis 
of non-exposed or exposed risk. A graphical represen-

tation of these measures with numerical examples is 
shown in Figure 1. Attributable risk (AR) is used to ob-
tain a positive relative excess measure of effect when 
the exposure under consideration has a harmful effect 
(R1>R0). Negative attributable risk (–AR) or prevent-
able risk (PR) is used to obtain a positive relative excess 
measure of effect when the exposure under consider-
ation has a beneficial effect (R1<R0). These measures 
can be expressed by using relative risk (RR) or recipro-
cal relative risk (1/RR or RRR).

Excess relative risk
The excess relative risk (ERR) is the attributable risk 

(AR) divided by the non-exposed risk (R0). It is defined 
as the amount of risk that is attributable to the exposure 
relative to the non-exposed risk, according to equations 
5 and 6.

Attributable fraction
The attributable fraction (AF) or attributable risk 

fraction (ARF) is the attributable risk (AR) divided by 
the exposed risk (R1). It is defined as the amount of 
risk that is attributable to the exposure relative to the 
exposed risk, according to equations 7 and 8.

1.00
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EP(Δ=1)=1

RR(Δ)=1.20
RRR(Δ)=0.83
ERR(Δ)=0.20
AF(Δ)=0.17

0.80

0,20

EP(Δ=1)=1

RR(Δ)=0.80
RRR(Δ)=1.25
PF(Δ)=0.20

ERRR(Δ)=0.25

a b

Figure 1
Relative excess measures of effect for a harmful exposure 
(charts a) and for a beneficial exposure (b). For each chart, the 
coloured area represents the risk in the exposed and the sum 
of white numbers is the relative risk. Relative risks are hypo-
thetical. 
AF: attributable fraction; EP: exposure prevalence; ERR: excess 
relative risk; ERRR: excess reciprocal relative risk; PF: prevent-
able fraction; RR: relative risk; RRR: reciprocal relative risk; X-
axis: population exposed; Y-axis: risk of the outcome; Δ: differ-
ence between exposure and non-exposure.
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Preventable fraction
The preventable fraction (PF) or preventable risk 

fraction (PRF) is the negative attributable risk (–AR) or 
preventable risk (PR) divided by the non-exposed risk 
(R0). It is defined as the amount of risk that is prevent-
able by the exposure relative to the non-exposed risk, 
according to equations 9 and 10.

Excess reciprocal relative risk
The excess reciprocal relative risk (ERRR) is the nega-

tive attributable risk (–AR) or preventable risk (PR) divid-
ed by the exposed risk (R1). It is defined as the amount 
of risk that is preventable by the exposure relative to the 
exposed risk, according to equations 11 and 12.

Classification and calculation of health impacts
Health impacts can be calculated for a harmful or 

beneficial exposure and on the basis of non-exposed or 
exposed risk. Attributable cases (AC) or attributable in-
cident cases (AIC) can be estimated for an increase in 
a harmful exposure in a non-exposed population or for 
a decrease in a harmful exposure in an exposed popu-
lation. Preventable cases (PC) or preventable incident 
cases (PIC) can be estimated for an increase in a ben-
eficial exposure in a non-exposed population or for a 
decrease in a beneficial exposure in an exposed popu-
lation. The proposed framework for the classification 

and calculation of health impacts is reported in Figure 2 
and in Table 1. Further details on the exposure-response 
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exposure is the exposure, or a decrease if the baseline exposure is the exposure and the counterfactual 
exposure is the non-exposure. The attributable or preventable cases estimated according to the 
proposed methodology can also be used to calculate other forms of health impacts, such as the 
attributable or preventable years lived with disability (YLD) or years of life lost (YLL), the 
calculation of which is beyond the scope of this paper. 
 
Calculation of health impacts using data at different spatial resolutions 
Health impact assessments often combine different sources and types of data, so it is common to use 
data with different spatial levels of measurement. Often, baseline outcome data are available with 
lower spatial resolution with some degree of statistical aggregation (area level, less detailed) [25], 
while population and exposure data are available with higher spatial resolution (population level, 
more detailed) [8, 22, 23, 26]. For example, the number of deaths (baseline outcome data) could be 
available for the municipal level (less detailed, lower resolution), while residential greenness 
(population and exposure data) can be available at the infra-municipal level (more detailed, higher 
resolution) [8, 25, 26]. Basically, there are different exposure values for the same baseline outcome 
value. When population and exposure data are more detailed than the baseline outcome data, two 
main approaches can be used to calculate the measures of effect [8, 9, 11, 13, 19, 20, 22, 23]. 
One approach is to use the more detailed data to calculate the population-weighted exposure (PWE), 
which can be used to calculate the effect measure for the less detailed level. Another possible 
approach is to calculate the effect measures for the more detailed level, and to combine them for the 
less detailed level. In both approaches, the calculated relative effect measure can ultimately be used 
to estimate the impacts at a less detailed level, where the baseline outcome data are available [8]. 
Using an epidemiological terminology and referring to the level of calculation of the relative risk, the 
present work proposes to define these two approaches as “marginal” and “conditional” with respect 
to the population (i.e., the more detailed level of measure). Standard analytical solutions with 
mathematical derivations are elaborated for the two approaches. Two different spatial units are 
considered, with the area unit representing the less detailed level (e.g., the municipality) and the 
population unit the more detailed level (e.g., the census tract or the population polygon or point [8, 
20, 25, 26]. 
 
RESULTS 
Classification and calculation of relative excess measures of effect 
Relative excess measures of effect can be calculated for a harmful or beneficial exposure and on the 
basis of non-exposed or exposed risk. A graphical representation of these measures with numerical 
examples is shown in Figure 1. Attributable risk (𝐴𝐴𝑅𝑅) is used to obtain a positive relative excess 
measure of effect when the exposure under consideration has a harmful effect (𝑅𝑅1 > 𝑅𝑅0). Negative 
attributable risk (−𝐴𝐴𝑅𝑅) or preventable risk (𝑃𝑃𝑅𝑅) is used to obtain a positive relative excess measure 
of effect when the exposure under consideration has a beneficial effect (𝑅𝑅1 < 𝑅𝑅0). These measures 
can be expressed by using relative risk (𝑅𝑅𝑅𝑅) or reciprocal relative risk ( !

##
	𝑜𝑜𝑜𝑜	𝑅𝑅𝑅𝑅𝑅𝑅). 

 
Excess relative risk 
The excess relative risk (𝐸𝐸𝑅𝑅𝑅𝑅) is the attributable risk (𝐴𝐴𝑅𝑅) divided by the non-exposed risk (𝑅𝑅0). It 
could be defined as the amount of risk that is attributable to the exposure relative to the non-exposed 
risk: 
 

𝐸𝐸𝑅𝑅𝑅𝑅 =
𝐴𝐴𝑅𝑅
𝑅𝑅0 =

𝑅𝑅1 − 𝑅𝑅0
𝑅𝑅0 =

𝑅𝑅1
𝑅𝑅0 − 1 = 𝑅𝑅𝑅𝑅 − 1																																																																																																	(5) 
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Excess reciprocal relative risk 
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Classification and calculation of health impacts 
Health impacts can be calculated for a harmful or beneficial exposure and on the basis of non-
exposed or exposed risk. Attributable cases (𝐴𝐴𝐴𝐴) can be estimated for an increase in a harmful 
exposure in a non-exposed population or for a decrease in a harmful exposure in an exposed 
population. Preventable cases (𝑃𝑃𝐴𝐴) can be estimated for an increase in a beneficial exposure in a non-
exposed population or for a decrease in a beneficial exposure in an exposed population. The proposed 
framework for the classification and calculation of health impacts is reported in Figure 2 and in 
Table 1. Further details on the exposure-response functions and an example formula using the natural 
logarithm are reported in Note 2 available online as Supplementary Materials. Practical examples of 
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The excess reciprocal relative risk (𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸) is the negative attributable risk (−𝐴𝐴𝐸𝐸) or preventable risk 
(𝑃𝑃𝐸𝐸) divided by the exposed risk (𝐸𝐸1). It could be defined as the amount of risk that is preventable 
by the exposure relative to the exposed risk: 
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𝐸𝐸1 =

𝐸𝐸0 − 𝐸𝐸1
𝐸𝐸0
𝐸𝐸1
𝐸𝐸0

=
1 − 𝐸𝐸1

𝐸𝐸0
𝐸𝐸1
𝐸𝐸0

=
1 − 𝐸𝐸𝐸𝐸
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Classification and calculation of health impacts 
Health impacts can be calculated for a harmful or beneficial exposure and on the basis of non-
exposed or exposed risk. Attributable cases (𝐴𝐴𝐴𝐴) can be estimated for an increase in a harmful 
exposure in a non-exposed population or for a decrease in a harmful exposure in an exposed 
population. Preventable cases (𝑃𝑃𝐴𝐴) can be estimated for an increase in a beneficial exposure in a non-
exposed population or for a decrease in a beneficial exposure in an exposed population. The proposed 
framework for the classification and calculation of health impacts is reported in Figure 2 and in 
Table 1. Further details on the exposure-response functions and an example formula using the natural 
logarithm are reported in Note 2 available online as Supplementary Materials. Practical examples of 
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Health impacts can be calculated for a harmful or beneficial exposure and on the basis of non-
exposed or exposed risk. Attributable cases (𝐴𝐴𝐴𝐴) can be estimated for an increase in a harmful 
exposure in a non-exposed population or for a decrease in a harmful exposure in an exposed 
population. Preventable cases (𝑃𝑃𝐴𝐴) can be estimated for an increase in a beneficial exposure in a non-
exposed population or for a decrease in a beneficial exposure in an exposed population. The proposed 
framework for the classification and calculation of health impacts is reported in Figure 2 and in 
Table 1. Further details on the exposure-response functions and an example formula using the natural 
logarithm are reported in Note 2 available online as Supplementary Materials. Practical examples of 
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Figure 2
Classification and calculation of health impacts: general frame-
work. 
AF: attributable fraction; ERR: excess relative risk; ERRR: excess 
reciprocal relative risk; PF: preventable fraction.
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functions and example equations using the natural loga-
rithm are reported in Note 2 available online as Supple-
mentary Materials. Practical examples of calculation of 
health impacts using meta-analytic relative risks [27, 
28] are reported in Table 2 and commented in Note 3 
available online as Supplementary Materials.

The relative risk (RR) and the reciprocal relative risk 
(1/RR or RRR) to be used in calculating the relative ex-
cess measures of effect can be estimated for the differ-
ence (Δ) between the exposure and the non-exposure 
by using an exposure-response function (f). The expo-
sure difference (Δ) is between the counterfactual expo-
sure (CE) and the baseline exposure (BE) when imagin-
ing an increase in exposure, and between the baseline 
(BE) exposure and the counterfactual exposure (CE) 
when imagining a decrease in exposure (equations 13 
and 14).

Attributable cases when imagining an increase in exposure 
(excess)

This type of health impact assessment imagines an 
increase in a harmful exposure, from non-exposure to 
exposure. The excess relative risk (ERR) could be cal-
culated by using the estimated relative risk or reciprocal 
relative risk (RR–1 or (1–RRR)/RRR) for the difference 
(Δ) between the counterfactual exposure (the counter-
factual level of exposure that is imagined, the exposure 
corresponding to R1) and the baseline exposure (the ac-
tual level of exposure that is observed, the non-exposure 

corresponding to R0) in the same population of size N. 
Basically, here the baseline scenario refers to the non-
exposure (reality) and the counterfactual scenario re-
fers to the exposure (what-if).

Considering the baseline cases (BC, which are the 
non-exposed cases C0), the baseline risk (BR, the non-
exposed risk R0), the counterfactual cases (CC, the ex-
posed cases C1) and the counterfactual risk (CR, the 
exposed risk R1), the excess relative risk can be defined 
according to equations 15 and 16.

The attributable cases (AC) can be calculated by us-
ing the excess relative risk and the baseline risk or cases 
according to equations 17 and 18.

These attributable cases (excess) represent the cases 
that do not occur under the baseline exposure (non-ex-
posure) and that would be caused by the difference (Δ) 
between the counterfactual exposure (exposure) and 
the baseline exposure (non-exposure). Under the coun-
terfactual exposure, these cases would be attributable 
to this difference and in excess of the baseline cases.

Attributable cases when imagining a decrease in exposure 
(fraction)

This type of health impact assessment imagines a de-
crease in a harmful exposure, from exposure to non-
exposure. The attributable fraction (AF) could be cal-
culated by using the estimated relative risk or reciprocal 
relative risk ((RR–1)/RR  or 1–RRR) for the difference 
(Δ) between the baseline exposure (the actual level of 

Table 1
Classification and calculation of health impacts: detailed framework

Type of 
health impact 
assessment

Nature 
of the 
exposure

Baseline 
exposure and 
outcome (reality)

Counterfactual 
exposure and 
outcome (what-if)

Imagined 
change in 
exposure

Relative 
excess 
measure of 
effect

Health impacts

1) Harmful Non-exposed Exposed Increase Excess relative 
risk

Attributable cases (they 
would be attributable and 
in excess)

2) Harmful Exposed Non-exposed Decrease Attributable 
fraction

Attributable cases (they are 
attributable and a fraction)

3) Beneficial Non-exposed Exposed Increase Preventable 
fraction

Preventable cases (they are 
preventable and a fraction)

4) Beneficial Exposed Non-exposed Decrease Excess 
reciprocal 
relative risk

Preventable cases (they 
would be preventable and 
in excess)

Table 2
Classification and calculation of health impacts: practical examples

Type of 
health impact 
assessment

Nature 
of the 
exposure

Exposure 
variable

Baseline 
exposure 
(reality)

Baseline 
outcome 
(reality) 

Counterfactual 
exposure  
(what if)

Exposure 
difference 
(Δ)

Relative 
risk  
[27, 28]

Relative excess measure 
of effect

Health 
impacts

1) Harmful PM2.5 
(air pollution)

15 µg/m3 1,000 
deaths

25 µg/m3 10 µg/m3 1.08 ERR=1.08–1=0.080 AC=80 
deaths

2) Harmful PM2.5 
(air pollution)

15 µg/m3 1,000 
deaths

5 µg/m3 10 µg/m3 1.08 AF=(1.08−1)/1.08=0.074 AC=74 
deaths

3) Beneficial NDVI 
(greenness)

0.3 1,000 
deaths

0.4 0.1 0.96 PF=(1−0.96)=0.040 PC=40 
deaths

4) Beneficial NDVI 
(greenness)

0.3 1,000 
deaths

0.2 0.1 0.96 ERRR=(1−0.96)/0.96=0.042 PC=42 
deaths

AC: attributable cases; AF: attributable fraction; ERR: excess relative risk; ERRR: excess reciprocal relative risk; NDVI: normalized difference vegetation index;  
PC: preventable cases; PF: preventable fraction; PM: particulate matter; Time: 1 year; Δ: difference between exposure and non-exposure.
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exposure that is observed, the exposure corresponding 
to R1) and the counterfactual exposure (the counter-
factual level of exposure that is imagined, the non-ex-
posure corresponding to R0) in the same population of 
size N. Basically, here the baseline scenario refers to 
the exposure (reality) and the counterfactual scenario 
refers to the non-exposure (what-if).

Considering the baseline cases (BC, which are the ex-
posed cases C1), the baseline risk (BR, the exposed risk 
R1), the counterfactual cases (CC, the non-exposed 
cases C0) and the counterfactual risk (CR, the non-ex-
posed risk R0), the attributable fraction can be defined 
according to equations 19 and 20.

The attributable cases (AC) can be calculated by us-
ing the attributable fraction and the baseline risk or 
cases according to equations 21 and 22.

These attributable cases (fraction) represent the cas-
es that would not occur under the counterfactual expo-
sure (non-exposure) and that are caused by the differ-
ence (Δ) between the baseline exposure (exposure) and 
the counterfactual exposure (non-exposure). Under the 

baseline exposure, these cases are attributable to this 
difference and a fraction of the baseline cases.

Preventable cases when imagining an increase in exposure 
(fraction)

This type of health impact assessment imagines an 
increase in a beneficial exposure, from non-exposure 
to exposure. The preventable fraction (PF) could be 
calculated by using the estimated relative risk or recip-
rocal relative risk (1–RR or (RRR–1)/RRR) for the dif-
ference (Δ) between the counterfactual exposure (the 
counterfactual level of exposure that is imagined, the 
exposure corresponding to R1) and the baseline expo-
sure (the actual level of exposure that is observed, the 
non-exposure corresponding to R0) in the same popu-
lation of size N. Basically, here the baseline scenario 
refers to the non-exposure (reality) and the counterfac-
tual scenario refers to the exposure (what-if). 

Considering the baseline cases (BC, which are the 
non-exposed cases C0), the baseline risk (BR, the non-
exposed risk R0), the counterfactual cases (CC, the ex-

6 
 

calculation of health impacts are reported in Table 2 [27, 28] and commented in Note 3 available 
online as Supplementary Materials. 
The relative risk (𝑅𝑅𝑅𝑅) and the reciprocal relative risk ( !

""
	𝑜𝑜𝑜𝑜	𝑅𝑅𝑅𝑅𝑅𝑅) to be used in calculating the 

relative excess measures of effect can be estimated for the difference (𝛥𝛥) between the exposure and 
the non-exposure by using an exposure-response function (𝑓𝑓). The exposure difference (𝛥𝛥) is 
between the counterfactual exposure (𝐶𝐶𝐶𝐶) and the baseline exposure (𝐵𝐵𝐶𝐶) when imagining an 
increase in exposure, and between the baseline (𝐵𝐵𝐶𝐶) exposure and the counterfactual exposure (𝐶𝐶𝐶𝐶) 
when imagining a decrease in exposure: 
 

𝑅𝑅𝑅𝑅 =
𝑅𝑅1
𝑅𝑅0 = 𝑓𝑓(𝐵𝐵𝐶𝐶, 𝛥𝛥)																																																																																																																																							(13) 

 

𝑅𝑅𝑅𝑅𝑅𝑅 =
𝑅𝑅0
𝑅𝑅1 =

1
𝑓𝑓(𝐵𝐵𝐶𝐶, 𝛥𝛥)																																																																																																																																			(14) 

 
Attributable cases when imagining an increase in exposure (excess) 
This type of health impact assessment imagines an increase in a harmful exposure, from non-
exposure to exposure. The excess relative risk (𝐶𝐶𝑅𝑅𝑅𝑅) could be calculated by using the estimated 
relative risk (𝑅𝑅𝑅𝑅 − 1	𝑜𝑜𝑜𝑜	 !$"""

"""
) for the difference (𝛥𝛥) between the counterfactual exposure (the 

counterfactual level of exposure that is imagined, the exposure corresponding to 𝑅𝑅1) and the baseline 
exposure (the actual level of exposure that is observed, the non-exposure corresponding to 𝑅𝑅0) in the 
same population of size 𝑁𝑁. Basically, here the baseline scenario refers to the non-exposure (reality) 
and the counterfactual scenario refers to the exposure (what-if). 
Considering the baseline cases (𝐵𝐵𝐶𝐶, which are the non-exposed cases 𝐶𝐶0), the baseline risk (𝐵𝐵𝑅𝑅, the 
non-exposed risk 𝑅𝑅0), the counterfactual cases (𝐶𝐶𝐶𝐶, the exposed cases 𝐶𝐶1) and the counterfactual risk 
(𝐶𝐶𝑅𝑅, the exposed risk 𝑅𝑅1), the excess relative risk is equal to: 
 

𝐸𝐸𝐸𝐸𝐸𝐸 =
𝐴𝐴𝐸𝐸
𝐸𝐸0

=
𝐸𝐸1 − 𝐸𝐸0
𝐸𝐸0

=
		𝐶𝐶1 − 𝐶𝐶0𝑁𝑁 		

𝐶𝐶0
𝑁𝑁

=
		𝐴𝐴𝐶𝐶𝑁𝑁 		
𝐶𝐶0
𝑁𝑁

=
𝐴𝐴𝐶𝐶
𝐶𝐶0
																																																																																												(15) 

 

𝐶𝐶𝑅𝑅𝑅𝑅 =
𝐴𝐴𝑅𝑅
𝐵𝐵𝑅𝑅 =

𝐶𝐶𝑅𝑅 − 𝐵𝐵𝑅𝑅
𝐵𝐵𝑅𝑅 =

		𝐶𝐶𝐶𝐶 − 𝐵𝐵𝐶𝐶
𝑁𝑁 		
𝐵𝐵𝐶𝐶
𝑁𝑁

=
		𝐴𝐴𝐶𝐶𝑁𝑁 		
𝐵𝐵𝐶𝐶
𝑁𝑁

=
𝐴𝐴𝐶𝐶
𝐵𝐵𝐶𝐶 																																																																									(16) 

 
Attributable cases (𝐴𝐴𝐶𝐶) can be calculated by using the excess relative risk and the baseline risk or 
cases: 
 

𝐴𝐴𝐶𝐶 =
𝐴𝐴𝐶𝐶
𝑁𝑁 × 𝑁𝑁 = 𝐴𝐴𝑅𝑅 × 𝑁𝑁 =

𝐴𝐴𝑅𝑅
𝑅𝑅0 × 𝑅𝑅0 × 𝑁𝑁 = 𝐶𝐶𝑅𝑅𝑅𝑅 × 𝑅𝑅0 × 𝑁𝑁 = 𝐶𝐶𝑅𝑅𝑅𝑅 × 𝐵𝐵𝑅𝑅 × 𝑁𝑁																												(17) 

 

𝐴𝐴𝐶𝐶 =
𝐴𝐴𝐶𝐶
𝐶𝐶0 × 𝐶𝐶0 = 𝐶𝐶𝑅𝑅𝑅𝑅 × 𝐶𝐶0 = 𝐶𝐶𝑅𝑅𝑅𝑅 × 𝐵𝐵𝐶𝐶																																																																																																(18) 

 
These attributable cases (excess) represent the cases that do not occur under the baseline exposure 
(non-exposure) and that would be caused by the difference (𝛥𝛥) between the counterfactual exposure 
(exposure) and the baseline exposure (non-exposure). Under the counterfactual exposure, these cases 
would be attributable to this difference and in excess of the baseline cases. 
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exposure to exposure. The excess relative risk (𝐶𝐶𝑅𝑅𝑅𝑅) could be calculated by using the estimated 
relative risk (𝑅𝑅𝑅𝑅 − 1	𝑜𝑜𝑜𝑜	 !$"""

"""
) for the difference (𝛥𝛥) between the counterfactual exposure (the 

counterfactual level of exposure that is imagined, the exposure corresponding to 𝑅𝑅1) and the baseline 
exposure (the actual level of exposure that is observed, the non-exposure corresponding to 𝑅𝑅0) in the 
same population of size 𝑁𝑁. Basically, here the baseline scenario refers to the non-exposure (reality) 
and the counterfactual scenario refers to the exposure (what-if). 
Considering the baseline cases (𝐵𝐵𝐶𝐶, which are the non-exposed cases 𝐶𝐶0), the baseline risk (𝐵𝐵𝑅𝑅, the 
non-exposed risk 𝑅𝑅0), the counterfactual cases (𝐶𝐶𝐶𝐶, the exposed cases 𝐶𝐶1) and the counterfactual risk 
(𝐶𝐶𝑅𝑅, the exposed risk 𝑅𝑅1), the excess relative risk is equal to: 
 

𝐸𝐸𝐸𝐸𝐸𝐸 =
𝐴𝐴𝐸𝐸
𝐸𝐸0

=
𝐸𝐸1 − 𝐸𝐸0
𝐸𝐸0

=
		𝐶𝐶1 − 𝐶𝐶0𝑁𝑁 		

𝐶𝐶0
𝑁𝑁

=
		𝐴𝐴𝐶𝐶𝑁𝑁 		
𝐶𝐶0
𝑁𝑁

=
𝐴𝐴𝐶𝐶
𝐶𝐶0
																																																																																												(15) 

 

𝐶𝐶𝑅𝑅𝑅𝑅 =
𝐴𝐴𝑅𝑅
𝐵𝐵𝑅𝑅 =

𝐶𝐶𝑅𝑅 − 𝐵𝐵𝑅𝑅
𝐵𝐵𝑅𝑅 =

		𝐶𝐶𝐶𝐶 − 𝐵𝐵𝐶𝐶
𝑁𝑁 		
𝐵𝐵𝐶𝐶
𝑁𝑁

=
		𝐴𝐴𝐶𝐶𝑁𝑁 		
𝐵𝐵𝐶𝐶
𝑁𝑁

=
𝐴𝐴𝐶𝐶
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Attributable cases (𝐴𝐴𝐶𝐶) can be calculated by using the excess relative risk and the baseline risk or 
cases: 
 

𝐴𝐴𝐶𝐶 =
𝐴𝐴𝐶𝐶
𝑁𝑁 × 𝑁𝑁 = 𝐴𝐴𝑅𝑅 × 𝑁𝑁 =

𝐴𝐴𝑅𝑅
𝑅𝑅0 × 𝑅𝑅0 × 𝑁𝑁 = 𝐶𝐶𝑅𝑅𝑅𝑅 × 𝑅𝑅0 × 𝑁𝑁 = 𝐶𝐶𝑅𝑅𝑅𝑅 × 𝐵𝐵𝑅𝑅 × 𝑁𝑁																												(17) 

 

𝐴𝐴𝐶𝐶 =
𝐴𝐴𝐶𝐶
𝐶𝐶0 × 𝐶𝐶0 = 𝐶𝐶𝑅𝑅𝑅𝑅 × 𝐶𝐶0 = 𝐶𝐶𝑅𝑅𝑅𝑅 × 𝐵𝐵𝐶𝐶																																																																																																(18) 

 
These attributable cases (excess) represent the cases that do not occur under the baseline exposure 
(non-exposure) and that would be caused by the difference (𝛥𝛥) between the counterfactual exposure 
(exposure) and the baseline exposure (non-exposure). Under the counterfactual exposure, these cases 
would be attributable to this difference and in excess of the baseline cases. 
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calculation of health impacts are reported in Table 2 [27, 28] and commented in Note 3 available 
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""
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These attributable cases (excess) represent the cases that do not occur under the baseline exposure 
(non-exposure) and that would be caused by the difference (𝛥𝛥) between the counterfactual exposure 
(exposure) and the baseline exposure (non-exposure). Under the counterfactual exposure, these cases 
would be attributable to this difference and in excess of the baseline cases. 
 

7 
 

Attributable cases when imagining a decrease in exposure (fraction) 
This type of health impact assessment imagines a decrease in a harmful exposure, from exposure to 
non-exposure. The attributable fraction (𝐴𝐴𝐴𝐴) could be calculated by using the estimated relative risk 
(""$!
""

	𝑜𝑜𝑜𝑜	1 − 𝑅𝑅𝑅𝑅𝑅𝑅) for the difference (𝛥𝛥) between the baseline exposure (the actual level of exposure 
that is observed, the exposure corresponding to 𝑅𝑅1) and the counterfactual exposure (the 
counterfactual level of exposure that is imagined, the non-exposure corresponding to 𝑅𝑅0) in the same 
population of size 𝑁𝑁. Basically, here the baseline scenario refers to the exposure (reality) and the 
counterfactual scenario refers to the non-exposure (what-if). 
 
Considering the baseline cases (𝐵𝐵𝐵𝐵, which are the exposed cases 𝐵𝐵1), the baseline risk (𝐵𝐵𝑅𝑅, the 
exposed risk 𝑅𝑅1), the counterfactual cases (𝐵𝐵𝐵𝐵, the non-exposed cases 𝐵𝐵0) and the counterfactual risk 
(𝐵𝐵𝑅𝑅, the non-exposed risk 𝑅𝑅0), the attributable fraction is equal to: 
 

𝐴𝐴𝐴𝐴 =
𝐴𝐴𝑅𝑅
𝑅𝑅1 =

𝑅𝑅1 − 𝑅𝑅0
𝑅𝑅1 =

		𝐵𝐵1 − 𝐵𝐵0
𝑁𝑁 		
𝐵𝐵1
𝑁𝑁

=
		𝐴𝐴𝐵𝐵𝑁𝑁 		
𝐵𝐵1
𝑁𝑁

=
𝐴𝐴𝐵𝐵
𝐵𝐵1 																																																																																(19) 

 

𝐴𝐴𝐴𝐴 =
𝐴𝐴𝑅𝑅
𝐵𝐵𝑅𝑅 =

𝐵𝐵𝑅𝑅 − 𝐵𝐵𝑅𝑅
𝐵𝐵𝑅𝑅 =

		𝐵𝐵𝐵𝐵 − 𝐵𝐵𝐵𝐵
𝑁𝑁 		
𝐵𝐵𝐵𝐵
𝑁𝑁

=
		𝐴𝐴𝐵𝐵𝑁𝑁 		
𝐵𝐵𝐵𝐵
𝑁𝑁

=
𝐴𝐴𝐵𝐵
𝐵𝐵𝐵𝐵 																																																																												(20) 

 
Attributable cases (𝐴𝐴𝐵𝐵) can be calculated by using the attributable fraction and the baseline risk or 
cases: 
 

𝐴𝐴𝐵𝐵 =
𝐴𝐴𝐵𝐵
𝑁𝑁 × 𝑁𝑁 = 𝐴𝐴𝑅𝑅 × 𝑁𝑁 =

𝐴𝐴𝑅𝑅
𝑅𝑅1 × 𝑅𝑅1 × 𝑁𝑁 = 𝐴𝐴𝐴𝐴 × 𝑅𝑅1 × 𝑁𝑁 = 𝐴𝐴𝐴𝐴 × 𝐵𝐵𝑅𝑅 × 𝑁𝑁																																(21) 

 

𝐴𝐴𝐵𝐵 =
𝐴𝐴𝐵𝐵
𝐵𝐵1 × 𝐵𝐵1 = 𝐴𝐴𝐴𝐴 × 𝐵𝐵1 = 𝐴𝐴𝐴𝐴 × 𝐵𝐵𝐵𝐵																																																																																																			(22) 

 
These attributable cases (fraction) represent the cases that would not occur under the counterfactual 
exposure (non-exposure) and that are caused by the difference (𝛥𝛥) between the baseline exposure 
(exposure) and the counterfactual exposure (non-exposure). Under the baseline exposure, these cases 
are attributable to this difference and a fraction of the baseline cases. 
 
Preventable cases when imagining an increase in exposure (fraction) 
This type of health impact assessment imagines an increase in a beneficial exposure, from non-
exposure to exposure. The preventable fraction (𝑃𝑃𝐴𝐴) could be calculated by using the estimated 
relative risk (1 − 𝑅𝑅𝑅𝑅	𝑜𝑜𝑜𝑜	 """$!

"""
) for the difference (𝛥𝛥) between the counterfactual exposure (the 

counterfactual level of exposure that is imagined, the exposure corresponding to 𝑅𝑅1) and the baseline 
exposure (the actual level of exposure that is observed, the non-exposure corresponding to 𝑅𝑅0) in the 
same population of size 𝑁𝑁. Basically, here the baseline scenario refers to the non-exposure (reality) 
and the counterfactual scenario refers to the exposure (what-if).  
Considering the baseline cases (𝐵𝐵𝐵𝐵, which are the non-exposed cases 𝐵𝐵0), the baseline risk (𝐵𝐵𝑅𝑅, the 
non-exposed risk 𝑅𝑅0), the counterfactual cases (𝐵𝐵𝐵𝐵, the exposed cases 𝐵𝐵1) and the counterfactual risk 
(𝐵𝐵𝑅𝑅, the exposed risk 𝑅𝑅1), the preventable fraction is equal to: 
 7 
 

Attributable cases when imagining a decrease in exposure (fraction) 
This type of health impact assessment imagines a decrease in a harmful exposure, from exposure to 
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(""$!
""
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relative risk (1 − 𝑅𝑅𝑅𝑅	𝑜𝑜𝑜𝑜	 """$!

"""
) for the difference (𝛥𝛥) between the counterfactual exposure (the 
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posed cases C1) and the counterfactual risk (CR, the 
exposed risk R1), the preventable fraction can be de-
fined according to equations 23 and 24.

The preventable cases (PC) can be calculated by us-
ing the preventable fraction and the baseline risk or 
cases according to equations 25 and 26.

These preventable cases (fraction) represent the cases 
that occur under the baseline exposure (non-exposure) 
and that would be prevented by the difference (Δ) be-
tween the counterfactual exposure (exposure) and the 
baseline exposure (non-exposure). Under the baseline 
exposure, these cases are preventable by this difference 
and a fraction of the baseline cases.

Preventable cases when imagining a decrease in exposure 
(excess)

This type of health impact assessment imagines a de-
crease in a beneficial exposure, from exposure to non-
exposure. The excess reciprocal relative risk (ERRR) 
could be calculated by using the estimated relative risk 
or reciprocal relative risk ((1-RR)/RR or RRR-1) for the 
difference (Δ) between the baseline exposure (the ac-
tual level of exposure that is observed, the exposure cor-
responding to R1) and the counterfactual exposure (the 
counterfactual level of exposure that is imagined, the 
non-exposure corresponding to R0) in the same popu-
lation of size N. Basically, here the baseline scenario 

refers to the exposure (reality) and the counterfactual 
scenario refers to the non-exposure (what-if).

Considering the baseline cases (BC, which are the ex-
posed cases C1), the baseline risk (BR, the exposed risk 
R1), the counterfactual cases (CC, the non-exposed 
cases C0) and the counterfactual risk (CR, the non-
exposed risk R0), the excess reciprocal relative risk can 
be defined according to equations 27 and 28.

The preventable cases (PC) can be calculated by us-
ing the excess reciprocal relative risk and the baseline 
risk or cases according to equations 29 and 30.

These preventable cases (excess) represent the cases 
that would occur under the counterfactual exposure 
(non-exposure) and that are prevented by the differ-
ence (Δ) between the baseline exposure (exposure) and 
the counterfactual exposure (non-exposure). Under the 
counterfactual exposure, these cases would be prevent-
able by this difference and in excess of the baseline cases.

Calculation of health impacts using data at different 
spatial resolutions
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These preventable cases (fraction) represent the cases that occur under the baseline exposure (non-
exposure) and that would be prevented by the difference (𝛥𝛥) between the counterfactual exposure 
(exposure) and the baseline exposure (non-exposure). Under the baseline exposure, these cases are 
preventable by this difference and a fraction of the baseline cases. 
 
Preventable cases when imagining a decrease in exposure (excess) 
This type of health impact assessment imagines a decrease in a beneficial exposure, from exposure to 
non-exposure. The excess reciprocal relative risk (𝐸𝐸𝐴𝐴𝐴𝐴𝐴𝐴) could be calculated by using the estimated 
relative risk (!$""

""
	𝑜𝑜𝑜𝑜	𝐴𝐴𝐴𝐴𝐴𝐴 − 1) for the difference (𝛥𝛥) between the baseline exposure (the actual level 

of exposure that is observed, the exposure corresponding to 𝐴𝐴1) and the counterfactual exposure (the 
counterfactual level of exposure that is imagined, the non-exposure corresponding to 𝐴𝐴0) in the same 
population of size 𝑁𝑁. Basically, here the baseline scenario refers to the exposure (reality) and the 
counterfactual scenario refers to the non-exposure (what-if). 
Considering the baseline cases (𝐵𝐵𝐶𝐶, which are the exposed cases 𝐶𝐶1), the baseline risk (𝐵𝐵𝐴𝐴, the 
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(𝐶𝐶𝐴𝐴, the non-exposed risk 𝐴𝐴0), the excess reciprocal relative risk is equal to: 
 

𝐸𝐸𝐴𝐴𝐴𝐴𝐴𝐴 =
−𝐴𝐴𝐴𝐴
𝐴𝐴1 =

𝑃𝑃𝐴𝐴
𝐴𝐴1 =

𝐴𝐴0 − 𝐴𝐴1
𝐴𝐴1 =

		𝐶𝐶0 − 𝐶𝐶1
𝑁𝑁 		
𝐶𝐶1
𝑁𝑁

=
		−𝐴𝐴𝐶𝐶𝑁𝑁 		
𝐶𝐶1
𝑁𝑁

=
		𝑃𝑃𝐶𝐶𝑁𝑁 		
𝐶𝐶1
𝑁𝑁

=
𝑃𝑃𝐶𝐶
𝐶𝐶1 																																							(27) 

 

𝐸𝐸𝐴𝐴𝐴𝐴𝐴𝐴 =
−𝐴𝐴𝐴𝐴
𝐵𝐵𝐴𝐴 =

𝑃𝑃𝐴𝐴
𝐵𝐵𝐴𝐴 =

𝐶𝐶𝐴𝐴 − 𝐵𝐵𝐴𝐴
𝐵𝐵𝐴𝐴 =

		𝐶𝐶𝐶𝐶 − 𝐵𝐵𝐶𝐶
𝑁𝑁 		
𝐵𝐵𝐶𝐶
𝑁𝑁

=
		−𝐴𝐴𝐶𝐶𝑁𝑁 		
𝐵𝐵𝐶𝐶
𝑁𝑁

=
		𝑃𝑃𝐶𝐶𝑁𝑁 		
𝐵𝐵𝐶𝐶
𝑁𝑁

=
𝑃𝑃𝐶𝐶
𝐵𝐵𝐶𝐶 																																					(28) 

 
Preventable cases (𝑃𝑃𝐶𝐶) can be calculated by using the excess reciprocal relative risk and the baseline 
risk or cases: 
 

𝑃𝑃𝐶𝐶 =
𝑃𝑃𝐶𝐶
𝑁𝑁 × 𝑁𝑁 = 	𝑃𝑃𝐴𝐴 × 𝑁𝑁 =

𝑃𝑃𝐴𝐴
𝐴𝐴1 × 𝐴𝐴1 × 𝑁𝑁 = 𝐸𝐸𝐴𝐴𝐴𝐴𝐴𝐴 × 𝐴𝐴1 × 𝑁𝑁 = 𝐸𝐸𝐴𝐴𝐴𝐴𝐴𝐴 × 𝐵𝐵𝐴𝐴 × 𝑁𝑁																							(29) 
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𝑃𝑃𝑃𝑃 =
−𝐴𝐴𝐴𝐴
𝐴𝐴0 =

𝑃𝑃𝐴𝐴
𝐴𝐴0 =

𝐴𝐴0 − 𝐴𝐴1
𝐴𝐴0 =

		𝐶𝐶0 − 𝐶𝐶1
𝑁𝑁 		
𝐶𝐶0
𝑁𝑁

=
		−𝐴𝐴𝐶𝐶𝑁𝑁 		
𝐶𝐶0
𝑁𝑁

=
		𝑃𝑃𝐶𝐶𝑁𝑁 		
𝐶𝐶0
𝑁𝑁

=
𝑃𝑃𝐶𝐶
𝐶𝐶0 																																												(23) 

 

𝑃𝑃𝑃𝑃 =
−𝐴𝐴𝐴𝐴
𝐵𝐵𝐴𝐴 =

𝑃𝑃𝐴𝐴
𝐵𝐵𝐴𝐴 =

𝐵𝐵𝐴𝐴 − 𝐶𝐶𝐴𝐴
𝐵𝐵𝐴𝐴 =

		𝐵𝐵𝐶𝐶 − 𝐶𝐶𝐶𝐶
𝑁𝑁 		
𝐵𝐵𝐶𝐶
𝑁𝑁

=
		−𝐴𝐴𝐶𝐶𝑁𝑁 		
𝐵𝐵𝐶𝐶
𝑁𝑁

=
		𝑃𝑃𝐶𝐶𝑁𝑁 		
𝐵𝐵𝐶𝐶
𝑁𝑁

=
𝑃𝑃𝐶𝐶
𝐵𝐵𝐶𝐶 																																								(24) 

 
Preventable cases (𝑃𝑃𝐶𝐶) can be calculated by using the preventable fraction and the baseline risk or 
cases: 
 

𝑃𝑃𝐶𝐶 =
𝑃𝑃𝐶𝐶
𝑁𝑁 × 𝑁𝑁 = 	𝑃𝑃𝐴𝐴 × 𝑁𝑁 =

𝑃𝑃𝐴𝐴
𝐴𝐴0 × 𝐴𝐴0 × 𝑁𝑁 = 𝑃𝑃𝑃𝑃 × 𝐴𝐴0 × 𝑁𝑁 = 𝑃𝑃𝑃𝑃 × 𝐵𝐵𝐴𝐴 × 𝑁𝑁																																(25) 

 

𝑃𝑃𝐶𝐶 =
𝑃𝑃𝐶𝐶
𝐶𝐶0 × 𝐶𝐶0 = 𝑃𝑃𝑃𝑃 × 𝐶𝐶0 = 𝑃𝑃𝑃𝑃 × 𝐵𝐵𝐶𝐶																																																																																																					(26) 

 
These preventable cases (fraction) represent the cases that occur under the baseline exposure (non-
exposure) and that would be prevented by the difference (𝛥𝛥) between the counterfactual exposure 
(exposure) and the baseline exposure (non-exposure). Under the baseline exposure, these cases are 
preventable by this difference and a fraction of the baseline cases. 
 
Preventable cases when imagining a decrease in exposure (excess) 
This type of health impact assessment imagines a decrease in a beneficial exposure, from exposure to 
non-exposure. The excess reciprocal relative risk (𝐸𝐸𝐴𝐴𝐴𝐴𝐴𝐴) could be calculated by using the estimated 
relative risk (!$""

""
	𝑜𝑜𝑜𝑜	𝐴𝐴𝐴𝐴𝐴𝐴 − 1) for the difference (𝛥𝛥) between the baseline exposure (the actual level 

of exposure that is observed, the exposure corresponding to 𝐴𝐴1) and the counterfactual exposure (the 
counterfactual level of exposure that is imagined, the non-exposure corresponding to 𝐴𝐴0) in the same 
population of size 𝑁𝑁. Basically, here the baseline scenario refers to the exposure (reality) and the 
counterfactual scenario refers to the non-exposure (what-if). 
Considering the baseline cases (𝐵𝐵𝐶𝐶, which are the exposed cases 𝐶𝐶1), the baseline risk (𝐵𝐵𝐴𝐴, the 
exposed risk 𝐴𝐴1), the counterfactual cases (𝐶𝐶𝐶𝐶, the non-exposed cases 𝐶𝐶0) and the counterfactual risk 
(𝐶𝐶𝐴𝐴, the non-exposed risk 𝐴𝐴0), the excess reciprocal relative risk is equal to: 
 

𝐸𝐸𝐴𝐴𝐴𝐴𝐴𝐴 =
−𝐴𝐴𝐴𝐴
𝐴𝐴1 =

𝑃𝑃𝐴𝐴
𝐴𝐴1 =

𝐴𝐴0 − 𝐴𝐴1
𝐴𝐴1 =

		𝐶𝐶0 − 𝐶𝐶1
𝑁𝑁 		
𝐶𝐶1
𝑁𝑁

=
		−𝐴𝐴𝐶𝐶𝑁𝑁 		
𝐶𝐶1
𝑁𝑁

=
		𝑃𝑃𝐶𝐶𝑁𝑁 		
𝐶𝐶1
𝑁𝑁

=
𝑃𝑃𝐶𝐶
𝐶𝐶1 																																							(27) 

 

𝐸𝐸𝐴𝐴𝐴𝐴𝐴𝐴 =
−𝐴𝐴𝐴𝐴
𝐵𝐵𝐴𝐴 =

𝑃𝑃𝐴𝐴
𝐵𝐵𝐴𝐴 =

𝐶𝐶𝐴𝐴 − 𝐵𝐵𝐴𝐴
𝐵𝐵𝐴𝐴 =

		𝐶𝐶𝐶𝐶 − 𝐵𝐵𝐶𝐶
𝑁𝑁 		
𝐵𝐵𝐶𝐶
𝑁𝑁

=
		−𝐴𝐴𝐶𝐶𝑁𝑁 		
𝐵𝐵𝐶𝐶
𝑁𝑁

=
		𝑃𝑃𝐶𝐶𝑁𝑁 		
𝐵𝐵𝐶𝐶
𝑁𝑁

=
𝑃𝑃𝐶𝐶
𝐵𝐵𝐶𝐶 																																					(28) 

 
Preventable cases (𝑃𝑃𝐶𝐶) can be calculated by using the excess reciprocal relative risk and the baseline 
risk or cases: 
 

𝑃𝑃𝐶𝐶 =
𝑃𝑃𝐶𝐶
𝑁𝑁 × 𝑁𝑁 = 	𝑃𝑃𝐴𝐴 × 𝑁𝑁 =

𝑃𝑃𝐴𝐴
𝐴𝐴1 × 𝐴𝐴1 × 𝑁𝑁 = 𝐸𝐸𝐴𝐴𝐴𝐴𝐴𝐴 × 𝐴𝐴1 × 𝑁𝑁 = 𝐸𝐸𝐴𝐴𝐴𝐴𝐴𝐴 × 𝐵𝐵𝐴𝐴 × 𝑁𝑁																							(29) 
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𝑃𝑃𝑃𝑃 =
𝑃𝑃𝑃𝑃
𝑃𝑃1 × 𝑃𝑃1 = 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 × 𝑃𝑃1 = 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 × 𝐵𝐵𝑃𝑃																																																																																											(30) 

 
These preventable cases (excess) represent the cases that would occur under the counterfactual 
exposure (non-exposure) and that are prevented by the difference (𝛥𝛥) between the baseline exposure 
(exposure) and the counterfactual exposure (non-exposure). Under the counterfactual exposure, these 
cases would be preventable by this difference and in excess of the baseline cases. 
 
Calculation of health impacts using data at different spatial resolutions 
When the population and exposure data are more detailed (population level) than the baseline 
outcome data (area level), the effect measures to be used in the above formulas (area level) can be 
estimated by using two different approaches, marginal or conditional. Formulas using the natural 
logarithm are reported in Note 2 available online as Supplementary Materials. A graphical 
representation of these measures with numerical examples is shown in Figure 3 and commented in 
Note 4 available online as Supplementary Materials. 
 
The marginal approach 
For the area unit (𝑎𝑎), the population-weighted baseline (𝑃𝑃𝑃𝑃𝐵𝐵𝐸𝐸%) and counterfactual (𝑃𝑃𝑃𝑃𝑃𝑃𝐸𝐸%) 
exposures can be calculated as a weighted mean of the baseline (𝐵𝐵𝐸𝐸&%) and counterfactual (𝑃𝑃𝐸𝐸&%) 
exposures, respectively, in the 𝑛𝑛 population units included in 𝑎𝑎 (𝑝𝑝%). For the area unit (𝑎𝑎), the 
population-weighted exposure difference (𝑃𝑃𝑃𝑃𝛥𝛥%) can be calculated as a weighted mean of the 
difference (𝛥𝛥&%) between the counterfactual (𝑃𝑃𝐸𝐸&%) and baseline (𝐵𝐵𝐸𝐸&%) exposures when assessing an 
increase in exposure, or vice versa when assessing a decrease in exposure, in the 𝑛𝑛 population units 
included in 𝑎𝑎 (𝑝𝑝%). For each 𝑝𝑝%, the weight of the weighted means is the population (𝑃𝑃𝑃𝑃𝑃𝑃&%). This 
formulation is equivalent to using the exposure prevalence (𝐸𝐸𝑃𝑃&%) corresponding to each 𝑝𝑝%, which is 
the ratio of the population of 𝑝𝑝% (𝑃𝑃𝑃𝑃𝑃𝑃&%) to the total population of 𝑎𝑎 (𝑃𝑃𝑃𝑃𝑃𝑃%): 
 

𝐸𝐸𝑃𝑃&% = 𝑃𝑃𝑃𝑃𝑃𝑃&% 𝑃𝑃𝑃𝑃𝑃𝑃%⁄ = 𝑃𝑃𝑃𝑃𝑃𝑃&% 	 G H𝑃𝑃𝑃𝑃𝑃𝑃&%I																																																																																								(31)
'

&%(!	

J  

 

GH𝐸𝐸𝑃𝑃&%I = 1
'

&%(!	

																																																																																																																																																	(32) 

 

𝑃𝑃𝑃𝑃𝐵𝐵𝐸𝐸% = G H𝐵𝐵𝐸𝐸&% × 𝑃𝑃𝑃𝑃𝑃𝑃&%I
'

&%(!	

	 G H𝑃𝑃𝑃𝑃𝑃𝑃&%I = G (𝐵𝐵𝐸𝐸&% × 𝐸𝐸𝑃𝑃&%)																																										(33)
'

&%(!

'

&%(!		

K  

 

𝑃𝑃𝑃𝑃𝑃𝑃𝐸𝐸% = G H𝑃𝑃𝐸𝐸&% × 𝑃𝑃𝑃𝑃𝑃𝑃&%I
'

&%(!	

	 G H𝑃𝑃𝑃𝑃𝑃𝑃&%I = G (𝑃𝑃𝐸𝐸&% × 𝐸𝐸𝑃𝑃&%)																																											(34)
'

&%(!

'

&%(!		

K  

 

𝑃𝑃𝑃𝑃𝛥𝛥% = G H𝛥𝛥&% × 𝑃𝑃𝑃𝑃𝑃𝑃&%I
'

&%(!	

	 G H𝑃𝑃𝑃𝑃𝑃𝑃&%I = G (𝛥𝛥&% × 𝐸𝐸𝑃𝑃&%)																																																			(35)
'

&%(!

'

&%(!		

K  

 
𝑃𝑃𝑃𝑃𝑃𝑃! = % 𝑃𝑃"! × 𝐸𝐸𝑃𝑃"!

#

"!$%	

= %(𝐶𝐶𝐸𝐸"! − 𝐵𝐵𝐸𝐸"!, × 𝐸𝐸𝑃𝑃"!

#

"!$%	

= %(𝐶𝐶𝐸𝐸"! × 𝐸𝐸𝑃𝑃"!, − % (𝐵𝐵𝐸𝐸"! × 𝐸𝐸𝑃𝑃"!, = 𝑃𝑃𝑃𝑃𝐶𝐶𝐸𝐸! − 𝑃𝑃𝑃𝑃𝐵𝐵𝐸𝐸!																																		(36)
#

"!$%	

			
#

"!$%	

 

(24)
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2 available online as Supplementary Materials. A graphi-
cal representation of these measures with numerical ex-
amples is shown in Figure 3 and commented in Note 4 
available online as Supplementary Materials.

The marginal approach
For the area unit (a), the population-weighted base-

line (PWBEa) and counterfactual (PWCEa) exposures 

can be calculated as a weighted mean of the baseline 
(BEpa) and counterfactual (CEpa) exposures, respective-
ly, in the n population units included in a (pa). For the 
area unit (a), the population-weighted exposure differ-
ence (PWΔa) can be calculated as a weighted mean of 
the difference (Δpa) between the counterfactual (CEpa) 
and baseline (BEpa) exposures when imagining an in-
crease in exposure, or vice versa when imagining a de-

1.00 1.00

0.20 0.20

0.80 0.80

. 0.20

1.00

1.00

0.20

0.80

0.80

0.20

a b

c d

EP(Δ=1)=0.5 EP(Δ=0)=0.5

RR(Δ=1)=1.20; RR(Δ=0)=1.00; PWΔ=0.5
RR(PWΔ)=1.095; PWRR(Δ)=1.100

RRR(PWΔ)=0.913; PWRRR(Δ)=0.909
ERR(PWΔ)=0.095; PWERR(Δ)=0.100

AF(PWΔ)=0.087; PWAF(Δ)=0.091

EP(Δ=1)=0.5 EP(Δ=0)=0.5

RR(Δ=1)=0.80; RR(Δ=0)=1.00; PWΔ=0.5 
RR(PWΔ)=0.894; PWRR(Δ)=0.900

RRR(PWΔ)=1.118; PWRRR(Δ)=1.111
PF(PWΔ)=0.106; PWPF(Δ)=0.100

ERRR(PWΔ)=0.118; PWERRR(Δ)=0.111

EP(Δ=1)=0.5 EP(Δ=0)=0.5 EP(Δ=0)=0.5

RR(Δ=1)=1.20; RR(Δ=0)=1.00; PWΔ=0.5
RR(PWΔ)=1.095; PWRR'(Δ)=1.091

RRR(PWΔ)=0.913; PWRRR'(Δ)=0.917
ERR(PWΔ)=0.095; PWERR'(Δ)=0.091

AF(PWΔ)=0.087; PWAF'(Δ)=0.083

EP(Δ=1)=0.5

RR(Δ=1)=0.80; RR(Δ=0)=1.00; PWΔ=0.5
RR(PWΔ)=0.894; PWRR'(Δ)=0.889

RRR(PWΔ)=1.118; PWRRR'(Δ)=1.125
PF(PWΔ)=0.106; PWPF'(Δ)=0.111

ERRR(PWΔ)=0.118; PWERRR'(Δ)=0.125

Figure 3
Relative excess measures of effect from marginal approach (PW∆, RR, RRR, ERR, AF, PF, ERRR), conditional approach with same non-
exposed risk (PWRR, PWRRR, PWERR, PWAF, PWPF, PWERRR), and conditional approach with same exposed risk (PWRR’, PWRRR’, 
PWERR’, PWAF’, PWPF’, PWERRR’), for a harmful exposure (charts a and c) and for a beneficial exposure (b and d), by assuming in the 
conditional approach the same non-exposed risk (a and b) or the same exposed risk (c and d). For each chart and column (exposed 
population unit), the coloured area represents the risk in the exposed and the sum of white numbers is the relative risk. Relative 
risks are hypothetical and assumed to be natural-log-linearly modelled. 
AF: attributable fraction; EP: exposure prevalence; ERR: excess relative risk; ERRR: excess reciprocal relative risk; PF: preventable frac-
tion; PW: population-weighted; RR: relative risk; RRR: reciprocal relative risk; X-axis: population exposed; Y-axis: risk of the outcome; 
Δ: difference between exposure and non-exposure.



Orazio Valerio Giannico
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crease in exposure, in the n population units included in 
a (pa). For each pa, the weight of the weighted means is 
the population (POPpa). This formulation is equivalent 
to using the exposure prevalence (EPpa) corresponding 
to each pa, which is the ratio of the population of pa 
(POPpa) to the total population of a (POPa) (equations 
31-37).

For the area unit (a), by using the exposure-response 
function (fa), the relative risk (RRa), the reciprocal 
relative risk (1/RRa or RRRa) and the relative excess 
measures of effect (ERRa,AFa,PFa,ERRRa) can be esti-

mated for the population-weighted exposure difference 
(PWΔa). These effect measures can be interpreted in 
terms of non-exposed risk (R0a) and exposed risk (R1a) 
at the area level (a) (equations 38-43).

The conditional approach
For each population unit (pa) included in the area 

unit (a), the difference (Δpa) between the counterfac-
tual (CEpa) and baseline (BEpa) exposures when imagin-
ing an increase in exposure, or vice versa when imagin-
ing a decrease in exposure, can be calculated.

9 
 

𝑃𝑃𝑃𝑃 =
𝑃𝑃𝑃𝑃
𝑃𝑃1 × 𝑃𝑃1 = 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 × 𝑃𝑃1 = 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 × 𝐵𝐵𝑃𝑃																																																																																											(30) 

 
These preventable cases (excess) represent the cases that would occur under the counterfactual 
exposure (non-exposure) and that are prevented by the difference (𝛥𝛥) between the baseline exposure 
(exposure) and the counterfactual exposure (non-exposure). Under the counterfactual exposure, these 
cases would be preventable by this difference and in excess of the baseline cases. 
 
Calculation of health impacts using data at different spatial resolutions 
When the population and exposure data are more detailed (population level) than the baseline 
outcome data (area level), the effect measures to be used in the above formulas (area level) can be 
estimated by using two different approaches, marginal or conditional. Formulas using the natural 
logarithm are reported in Note 2 available online as Supplementary Materials. A graphical 
representation of these measures with numerical examples is shown in Figure 3 and commented in 
Note 4 available online as Supplementary Materials. 
 
The marginal approach 
For the area unit (𝑎𝑎), the population-weighted baseline (𝑃𝑃𝑃𝑃𝐵𝐵𝐸𝐸%) and counterfactual (𝑃𝑃𝑃𝑃𝑃𝑃𝐸𝐸%) 
exposures can be calculated as a weighted mean of the baseline (𝐵𝐵𝐸𝐸&%) and counterfactual (𝑃𝑃𝐸𝐸&%) 
exposures, respectively, in the 𝑛𝑛 population units included in 𝑎𝑎 (𝑝𝑝%). For the area unit (𝑎𝑎), the 
population-weighted exposure difference (𝑃𝑃𝑃𝑃𝛥𝛥%) can be calculated as a weighted mean of the 
difference (𝛥𝛥&%) between the counterfactual (𝑃𝑃𝐸𝐸&%) and baseline (𝐵𝐵𝐸𝐸&%) exposures when assessing an 
increase in exposure, or vice versa when assessing a decrease in exposure, in the 𝑛𝑛 population units 
included in 𝑎𝑎 (𝑝𝑝%). For each 𝑝𝑝%, the weight of the weighted means is the population (𝑃𝑃𝑃𝑃𝑃𝑃&%). This 
formulation is equivalent to using the exposure prevalence (𝐸𝐸𝑃𝑃&%) corresponding to each 𝑝𝑝%, which is 
the ratio of the population of 𝑝𝑝% (𝑃𝑃𝑃𝑃𝑃𝑃&%) to the total population of 𝑎𝑎 (𝑃𝑃𝑃𝑃𝑃𝑃%): 
 

𝐸𝐸𝑃𝑃&% = 𝑃𝑃𝑃𝑃𝑃𝑃&% 𝑃𝑃𝑃𝑃𝑃𝑃%⁄ = 𝑃𝑃𝑃𝑃𝑃𝑃&% 	 G H𝑃𝑃𝑃𝑃𝑃𝑃&%I																																																																																								(31)
'

&%(!	

J  

 

GH𝐸𝐸𝑃𝑃&%I = 1
'

&%(!	

																																																																																																																																																	 (32) 

 

𝑃𝑃𝑃𝑃𝐵𝐵𝐸𝐸% = G H𝐵𝐵𝐸𝐸&% × 𝑃𝑃𝑃𝑃𝑃𝑃&%I
'

&%(!	

	 G H𝑃𝑃𝑃𝑃𝑃𝑃&%I = G (𝐵𝐵𝐸𝐸&% × 𝐸𝐸𝑃𝑃&%)																																										(33)
'

&%(!

'

&%(!		

K  

 

𝑃𝑃𝑃𝑃𝑃𝑃𝐸𝐸% = G H𝑃𝑃𝐸𝐸&% × 𝑃𝑃𝑃𝑃𝑃𝑃&%I
'

&%(!	

	 G H𝑃𝑃𝑃𝑃𝑃𝑃&%I = G (𝑃𝑃𝐸𝐸&% × 𝐸𝐸𝑃𝑃&%)																																											(34)
'

&%(!

'

&%(!		

K  

 

𝑃𝑃𝑃𝑃𝛥𝛥% = G H𝛥𝛥&% × 𝑃𝑃𝑃𝑃𝑃𝑃&%I
'

&%(!	

	 G H𝑃𝑃𝑃𝑃𝑃𝑃&%I = G (𝛥𝛥&% × 𝐸𝐸𝑃𝑃&%)																																																			(35)
'

&%(!

'

&%(!		

K  

 
𝑃𝑃𝑃𝑃𝑃𝑃! = % 𝑃𝑃"! × 𝐸𝐸𝑃𝑃"!

#

"!$%	

= %(𝐶𝐶𝐸𝐸"! − 𝐵𝐵𝐸𝐸"!, × 𝐸𝐸𝑃𝑃"!

#

"!$%	

= %(𝐶𝐶𝐸𝐸"! × 𝐸𝐸𝑃𝑃"!, − % (𝐵𝐵𝐸𝐸"! × 𝐸𝐸𝑃𝑃"!, = 𝑃𝑃𝑃𝑃𝐶𝐶𝐸𝐸! − 𝑃𝑃𝑃𝑃𝐵𝐵𝐸𝐸!																																		(36)
#

"!$%	

			
#

"!$%	

 

9 
 

𝑃𝑃𝑃𝑃 =
𝑃𝑃𝑃𝑃
𝑃𝑃1 × 𝑃𝑃1 = 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 × 𝑃𝑃1 = 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 × 𝐵𝐵𝑃𝑃																																																																																											(30) 

 
These preventable cases (excess) represent the cases that would occur under the counterfactual 
exposure (non-exposure) and that are prevented by the difference (𝛥𝛥) between the baseline exposure 
(exposure) and the counterfactual exposure (non-exposure). Under the counterfactual exposure, these 
cases would be preventable by this difference and in excess of the baseline cases. 
 
Calculation of health impacts using data at different spatial resolutions 
When the population and exposure data are more detailed (population level) than the baseline 
outcome data (area level), the effect measures to be used in the above formulas (area level) can be 
estimated by using two different approaches, marginal or conditional. Formulas using the natural 
logarithm are reported in Note 2 available online as Supplementary Materials. A graphical 
representation of these measures with numerical examples is shown in Figure 3 and commented in 
Note 4 available online as Supplementary Materials. 
 
The marginal approach 
For the area unit (𝑎𝑎), the population-weighted baseline (𝑃𝑃𝑃𝑃𝐵𝐵𝐸𝐸%) and counterfactual (𝑃𝑃𝑃𝑃𝑃𝑃𝐸𝐸%) 
exposures can be calculated as a weighted mean of the baseline (𝐵𝐵𝐸𝐸&%) and counterfactual (𝑃𝑃𝐸𝐸&%) 
exposures, respectively, in the 𝑛𝑛 population units included in 𝑎𝑎 (𝑝𝑝%). For the area unit (𝑎𝑎), the 
population-weighted exposure difference (𝑃𝑃𝑃𝑃𝛥𝛥%) can be calculated as a weighted mean of the 
difference (𝛥𝛥&%) between the counterfactual (𝑃𝑃𝐸𝐸&%) and baseline (𝐵𝐵𝐸𝐸&%) exposures when assessing an 
increase in exposure, or vice versa when assessing a decrease in exposure, in the 𝑛𝑛 population units 
included in 𝑎𝑎 (𝑝𝑝%). For each 𝑝𝑝%, the weight of the weighted means is the population (𝑃𝑃𝑃𝑃𝑃𝑃&%). This 
formulation is equivalent to using the exposure prevalence (𝐸𝐸𝑃𝑃&%) corresponding to each 𝑝𝑝%, which is 
the ratio of the population of 𝑝𝑝% (𝑃𝑃𝑃𝑃𝑃𝑃&%) to the total population of 𝑎𝑎 (𝑃𝑃𝑃𝑃𝑃𝑃%): 
 

𝐸𝐸𝑃𝑃&% = 𝑃𝑃𝑃𝑃𝑃𝑃&% 𝑃𝑃𝑃𝑃𝑃𝑃%⁄ = 𝑃𝑃𝑃𝑃𝑃𝑃&% 	 G H𝑃𝑃𝑃𝑃𝑃𝑃&%I																																																																																								(31)
'

&%(!	

J  

 

GH𝐸𝐸𝑃𝑃&%I = 1
'

&%(!	

																																																																																																																																																	(32) 

 

𝑃𝑃𝑃𝑃𝐵𝐵𝐸𝐸% = G H𝐵𝐵𝐸𝐸&% × 𝑃𝑃𝑃𝑃𝑃𝑃&%I
'

&%(!	

	 G H𝑃𝑃𝑃𝑃𝑃𝑃&%I = G (𝐵𝐵𝐸𝐸&% × 𝐸𝐸𝑃𝑃&%)																																										(33)
'

&%(!

'

&%(!		

K  

 

𝑃𝑃𝑃𝑃𝑃𝑃𝐸𝐸% = G H𝑃𝑃𝐸𝐸&% × 𝑃𝑃𝑃𝑃𝑃𝑃&%I
'

&%(!	

	 G H𝑃𝑃𝑃𝑃𝑃𝑃&%I = G (𝑃𝑃𝐸𝐸&% × 𝐸𝐸𝑃𝑃&%)																																											(34)
'

&%(!

'

&%(!		

K  

 

𝑃𝑃𝑃𝑃𝛥𝛥% = G H𝛥𝛥&% × 𝑃𝑃𝑃𝑃𝑃𝑃&%I
'

&%(!	

	 G H𝑃𝑃𝑃𝑃𝑃𝑃&%I = G (𝛥𝛥&% × 𝐸𝐸𝑃𝑃&%)																																																			(35)
'

&%(!

'

&%(!		

K  

 
𝑃𝑃𝑃𝑃𝑃𝑃! = % 𝑃𝑃"! × 𝐸𝐸𝑃𝑃"!

#

"!$%	

= %(𝐶𝐶𝐸𝐸"! − 𝐵𝐵𝐸𝐸"!, × 𝐸𝐸𝑃𝑃"!

#

"!$%	

= %(𝐶𝐶𝐸𝐸"! × 𝐸𝐸𝑃𝑃"!, − % (𝐵𝐵𝐸𝐸"! × 𝐸𝐸𝑃𝑃"!, = 𝑃𝑃𝑃𝑃𝐶𝐶𝐸𝐸! − 𝑃𝑃𝑃𝑃𝐵𝐵𝐸𝐸!																																		(36)
#

"!$%	

			
#

"!$%	

 

10 
 

 
𝑃𝑃𝑃𝑃𝑃𝑃! = % 𝑃𝑃"! × 𝐸𝐸𝑃𝑃"!

#

"!$%	

= % (𝐵𝐵𝐸𝐸"! − 𝐶𝐶𝐸𝐸"!, × 𝐸𝐸𝑃𝑃"!

#

"!$%	

= %(𝐵𝐵𝐸𝐸"! × 𝐸𝐸𝑃𝑃"!, − % (𝐶𝐶𝐸𝐸"! × 𝐸𝐸𝑃𝑃"!, = 𝑃𝑃𝑃𝑃𝐵𝐵𝐸𝐸! − 𝑃𝑃𝑃𝑃𝐶𝐶𝐸𝐸!																																			(37)
#

"!$%	

			
#

"!$%	

 

 
For the area unit (𝑎𝑎), by using the exposure-response function (𝑓𝑓%), the relative risk (𝑅𝑅𝑅𝑅%), the 
reciprocal relative risk ( !

""!
, 𝑅𝑅𝑅𝑅𝑅𝑅%) and the relative excess measures of effect 

(𝐸𝐸𝑅𝑅𝑅𝑅% , 𝐴𝐴𝐴𝐴% , 𝑃𝑃𝐴𝐴% , 𝐸𝐸𝑅𝑅𝑅𝑅𝑅𝑅%) can be estimated for the population-weighted exposure difference (𝑃𝑃𝑃𝑃𝑃𝑃%). 
These effect measures can be interpreted in terms of non-exposed risk (𝑅𝑅0%) and exposed risk (𝑅𝑅1%) 
at the area level (𝑎𝑎): 
 

𝑅𝑅𝑅𝑅% =
𝑅𝑅1%
𝑅𝑅0%

= 𝑓𝑓%(𝑃𝑃𝑃𝑃𝑃𝑃𝐸𝐸% , 𝑃𝑃𝑃𝑃𝑃𝑃%)																																																																																																															(38) 

 

𝑅𝑅𝑅𝑅𝑅𝑅% =
𝑅𝑅0%
𝑅𝑅1%

=
1

𝑓𝑓%(𝑃𝑃𝑃𝑃𝑃𝑃𝐸𝐸% , 𝑃𝑃𝑃𝑃𝑃𝑃%)
																																																																																																												(39) 

 

𝐸𝐸𝑅𝑅𝑅𝑅% = 𝑅𝑅𝑅𝑅% − 1 =
1 − 𝑅𝑅𝑅𝑅𝑅𝑅%
𝑅𝑅𝑅𝑅𝑅𝑅%

																																																																																																																						(40) 

 

𝐴𝐴𝐴𝐴% =
𝑅𝑅𝑅𝑅% − 1
𝑅𝑅𝑅𝑅%

= 1 − 𝑅𝑅𝑅𝑅𝑅𝑅%																																																																																																																										(41) 

 

𝑃𝑃𝐴𝐴% = 1 − 𝑅𝑅𝑅𝑅% =
𝑅𝑅𝑅𝑅𝑅𝑅% − 1
𝑅𝑅𝑅𝑅𝑅𝑅%

																																																																																																																									(42) 

 

𝐸𝐸𝑅𝑅𝑅𝑅𝑅𝑅% =
1 − 𝑅𝑅𝑅𝑅%
𝑅𝑅𝑅𝑅%

= 𝑅𝑅𝑅𝑅𝑅𝑅%	 − 1																																																																																																																			(43) 

 
The conditional approach 
For each population unit (𝑝𝑝%) included in the area unit (𝑎𝑎), the difference (𝑃𝑃&%) between the 
counterfactual (𝐶𝐶𝐸𝐸&%) and baseline (𝑃𝑃𝐸𝐸&%) exposures when assessing an increase in exposure, or vice 
versa when assessing a decrease in exposure, can be calculated. 
For each population unit (𝑝𝑝%) included in the area unit (𝑎𝑎), by using the exposure-response function 
(𝑓𝑓&%), the relative risk (𝑅𝑅𝑅𝑅&%), the reciprocal relative risk ( !

##"#
	𝑜𝑜𝑜𝑜	𝑅𝑅𝑅𝑅𝑅𝑅&%) and the relative excess 

measures of effect (𝐸𝐸𝑅𝑅𝑅𝑅&% , 𝐴𝐴𝐴𝐴&% , 𝑃𝑃𝐴𝐴&% , 𝐸𝐸𝑅𝑅𝑅𝑅𝑅𝑅&%) can be estimated for the exposure difference (𝑃𝑃&%). 
These effect measures can be interpreted in terms of non-exposed risk (𝑅𝑅0&%) and exposed risk 
(𝑅𝑅1&%) at the population level (𝑝𝑝%): 
 

𝑅𝑅𝑅𝑅&% =
𝑅𝑅1&%
𝑅𝑅0&%

= 𝑓𝑓&%(𝑃𝑃𝐸𝐸&% , 𝑃𝑃&%)																																																																																																																				(44) 

 

𝑅𝑅𝑅𝑅𝑅𝑅&% =
𝑅𝑅0&%
𝑅𝑅1&%

=
1

𝑓𝑓&%(𝑃𝑃𝐸𝐸&% , 𝑃𝑃&%)
																																																																																																																(45) 

 

𝐸𝐸𝑅𝑅𝑅𝑅&% = 𝑅𝑅𝑅𝑅&% − 1 =
1 − 𝑅𝑅𝑅𝑅𝑅𝑅&%
𝑅𝑅𝑅𝑅𝑅𝑅&%

																																																																																																																(46) 
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"!$%	

= % (𝐵𝐵𝐸𝐸"! − 𝐶𝐶𝐸𝐸"!, × 𝐸𝐸𝑃𝑃"!

#

"!$%	

= %(𝐵𝐵𝐸𝐸"! × 𝐸𝐸𝑃𝑃"!, − % (𝐶𝐶𝐸𝐸"! × 𝐸𝐸𝑃𝑃"!, = 𝑃𝑃𝑃𝑃𝐵𝐵𝐸𝐸! − 𝑃𝑃𝑃𝑃𝐶𝐶𝐸𝐸!																																			(37)
#

"!$%	

			
#

"!$%	

 

 
For the area unit (𝑎𝑎), by using the exposure-response function (𝑓𝑓%), the relative risk (𝑅𝑅𝑅𝑅%), the 
reciprocal relative risk ( !

""!
, 𝑅𝑅𝑅𝑅𝑅𝑅%) and the relative excess measures of effect 

(𝐸𝐸𝑅𝑅𝑅𝑅% , 𝐴𝐴𝐴𝐴% , 𝑃𝑃𝐴𝐴% , 𝐸𝐸𝑅𝑅𝑅𝑅𝑅𝑅%) can be estimated for the population-weighted exposure difference (𝑃𝑃𝑃𝑃𝑃𝑃%). 
These effect measures can be interpreted in terms of non-exposed risk (𝑅𝑅0%) and exposed risk (𝑅𝑅1%) 
at the area level (𝑎𝑎): 
 

𝑅𝑅𝑅𝑅% =
𝑅𝑅1%
𝑅𝑅0%

= 𝑓𝑓%(𝑃𝑃𝑃𝑃𝑃𝑃𝐸𝐸% , 𝑃𝑃𝑃𝑃𝑃𝑃%)																																																																																																															(38) 

 

𝑅𝑅𝑅𝑅𝑅𝑅% =
𝑅𝑅0%
𝑅𝑅1%

=
1

𝑓𝑓%(𝑃𝑃𝑃𝑃𝑃𝑃𝐸𝐸% , 𝑃𝑃𝑃𝑃𝑃𝑃%)
																																																																																																												 (39) 

 

𝐸𝐸𝑅𝑅𝑅𝑅% = 𝑅𝑅𝑅𝑅% − 1 =
1 − 𝑅𝑅𝑅𝑅𝑅𝑅%
𝑅𝑅𝑅𝑅𝑅𝑅%

																																																																																																																						 (40) 

 

𝐴𝐴𝐴𝐴% =
𝑅𝑅𝑅𝑅% − 1
𝑅𝑅𝑅𝑅%

= 1 − 𝑅𝑅𝑅𝑅𝑅𝑅%																																																																																																																										(41) 

 

𝑃𝑃𝐴𝐴% = 1 − 𝑅𝑅𝑅𝑅% =
𝑅𝑅𝑅𝑅𝑅𝑅% − 1
𝑅𝑅𝑅𝑅𝑅𝑅%

																																																																																																																									 (42) 

 

𝐸𝐸𝑅𝑅𝑅𝑅𝑅𝑅% =
1 − 𝑅𝑅𝑅𝑅%
𝑅𝑅𝑅𝑅%

= 𝑅𝑅𝑅𝑅𝑅𝑅%	 − 1																																																																																																																			(43) 

 
The conditional approach 
For each population unit (𝑝𝑝%) included in the area unit (𝑎𝑎), the difference (𝑃𝑃&%) between the 
counterfactual (𝐶𝐶𝐸𝐸&%) and baseline (𝑃𝑃𝐸𝐸&%) exposures when assessing an increase in exposure, or vice 
versa when assessing a decrease in exposure, can be calculated. 
For each population unit (𝑝𝑝%) included in the area unit (𝑎𝑎), by using the exposure-response function 
(𝑓𝑓&%), the relative risk (𝑅𝑅𝑅𝑅&%), the reciprocal relative risk ( !

##"#
	𝑜𝑜𝑜𝑜	𝑅𝑅𝑅𝑅𝑅𝑅&%) and the relative excess 

measures of effect (𝐸𝐸𝑅𝑅𝑅𝑅&% , 𝐴𝐴𝐴𝐴&% , 𝑃𝑃𝐴𝐴&% , 𝐸𝐸𝑅𝑅𝑅𝑅𝑅𝑅&%) can be estimated for the exposure difference (𝑃𝑃&%). 
These effect measures can be interpreted in terms of non-exposed risk (𝑅𝑅0&%) and exposed risk 
(𝑅𝑅1&%) at the population level (𝑝𝑝%): 
 

𝑅𝑅𝑅𝑅&% =
𝑅𝑅1&%
𝑅𝑅0&%

= 𝑓𝑓&%(𝑃𝑃𝐸𝐸&% , 𝑃𝑃&%)																																																																																																																				(44) 

 

𝑅𝑅𝑅𝑅𝑅𝑅&% =
𝑅𝑅0&%
𝑅𝑅1&%

=
1

𝑓𝑓&%(𝑃𝑃𝐸𝐸&% , 𝑃𝑃&%)
																																																																																																																(45) 

 

𝐸𝐸𝑅𝑅𝑅𝑅&% = 𝑅𝑅𝑅𝑅&% − 1 =
1 − 𝑅𝑅𝑅𝑅𝑅𝑅&%
𝑅𝑅𝑅𝑅𝑅𝑅&%

																																																																																																																(46) 
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For each population unit (pa) included in the area 
unit (a), by using the exposure-response function (fpa), 
the relative risk (RRpa), the reciprocal relative risk (1/
RRpa or RRRpa) and the relative excess measures of effect 
(ERRpa,AFpa,PFpa,ERRRpa) can be estimated for the expo-
sure difference (Δpa). These effect measures can be inter-
preted in terms of non-exposed risk (R0pa) and exposed 
risk (R1pa) at the population level (pa) (equations 44-49).

For the area unit (a), when assuming the same 
non-exposed risk (R0a) in all the pa, the population-
weighted relative risk (PWRRa), reciprocal relative 
risk (PWRRRa) and relative excess measure of effect 
(PWERRa,PWAFa,PWPFa,PWERRRa) can be calculated 
by using the relative risks (RRpa) and the excess measures 
of effect relative to the non-exposed risk (ERRpa,PFpa) 
in the n population units pa. These population-weighted 
effect measures can be interpreted in terms of non-ex-
posed risk (R0a) and population-weighted exposed risk 
(PWR1a) at the area level (a). For each pa, the weight of 
the weighted means is the population (POPpa). This for-

mulation is equivalent to using the exposure prevalence 
(EPpa) corresponding to each pa, which is the ratio of 
the population of pa (POPpa) to the total population of 
a (POPa) (equations 50-55).

For the area unit (a), when assuming the same ex-
posed risk (R1a) in all the pa, the population-weighted 
reciprocal relative risk (PWRRR’a), relative risk (PWRR’a), 
and relative excess measure of effect (PWERR’a, PWAF’a, 
PWPF’a, PWERRR’a) can be calculated by using the recip-
rocal relative risks (1/RRpa or RRRpa) and the excess mea-
sures of effect relative to the exposed risk (AFpa, ERRRpa) 
in the n population units pa. These population-weighted 
effect measures can be interpreted in terms of exposed 
risk (R1a) and population-weighted non-exposed risk 
(PWR0a) at the area level (a). For each pa, the weight of 
the weighted means is the population (POPpa). This for-
mulation is equivalent to using the exposure prevalence 
(EPpa) corresponding to each pa, which is the ratio of 
the population of pa (POPpa) to the total population of 
a (POPa) (equations 56-61).
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#
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For the area unit (𝑎𝑎), by using the exposure-response function (𝑓𝑓%), the relative risk (𝑅𝑅𝑅𝑅%), the 
reciprocal relative risk ( !

""!
, 𝑅𝑅𝑅𝑅𝑅𝑅%) and the relative excess measures of effect 

(𝐸𝐸𝑅𝑅𝑅𝑅% , 𝐴𝐴𝐴𝐴% , 𝑃𝑃𝐴𝐴% , 𝐸𝐸𝑅𝑅𝑅𝑅𝑅𝑅%) can be estimated for the population-weighted exposure difference (𝑃𝑃𝑃𝑃𝑃𝑃%). 
These effect measures can be interpreted in terms of non-exposed risk (𝑅𝑅0%) and exposed risk (𝑅𝑅1%) 
at the area level (𝑎𝑎): 
 

𝑅𝑅𝑅𝑅% =
𝑅𝑅1%
𝑅𝑅0%

= 𝑓𝑓%(𝑃𝑃𝑃𝑃𝑃𝑃𝐸𝐸% , 𝑃𝑃𝑃𝑃𝑃𝑃%)																																																																																																															(38) 

 

𝑅𝑅𝑅𝑅𝑅𝑅% =
𝑅𝑅0%
𝑅𝑅1%

=
1

𝑓𝑓%(𝑃𝑃𝑃𝑃𝑃𝑃𝐸𝐸% , 𝑃𝑃𝑃𝑃𝑃𝑃%)
																																																																																																												(39) 

 

𝐸𝐸𝑅𝑅𝑅𝑅% = 𝑅𝑅𝑅𝑅% − 1 =
1 − 𝑅𝑅𝑅𝑅𝑅𝑅%
𝑅𝑅𝑅𝑅𝑅𝑅%

																																																																																																																						(40) 

 

𝐴𝐴𝐴𝐴% =
𝑅𝑅𝑅𝑅% − 1
𝑅𝑅𝑅𝑅%

= 1 − 𝑅𝑅𝑅𝑅𝑅𝑅%																																																																																																																										(41) 

 

𝑃𝑃𝐴𝐴% = 1 − 𝑅𝑅𝑅𝑅% =
𝑅𝑅𝑅𝑅𝑅𝑅% − 1
𝑅𝑅𝑅𝑅𝑅𝑅%

																																																																																																																									(42) 

 

𝐸𝐸𝑅𝑅𝑅𝑅𝑅𝑅% =
1 − 𝑅𝑅𝑅𝑅%
𝑅𝑅𝑅𝑅%

= 𝑅𝑅𝑅𝑅𝑅𝑅%	 − 1																																																																																																																			(43) 

 
The conditional approach 
For each population unit (𝑝𝑝%) included in the area unit (𝑎𝑎), the difference (𝑃𝑃&%) between the 
counterfactual (𝐶𝐶𝐸𝐸&%) and baseline (𝑃𝑃𝐸𝐸&%) exposures when assessing an increase in exposure, or vice 
versa when assessing a decrease in exposure, can be calculated. 
For each population unit (𝑝𝑝%) included in the area unit (𝑎𝑎), by using the exposure-response function 
(𝑓𝑓&%), the relative risk (𝑅𝑅𝑅𝑅&%), the reciprocal relative risk ( !

##"#
	𝑜𝑜𝑜𝑜	𝑅𝑅𝑅𝑅𝑅𝑅&%) and the relative excess 

measures of effect (𝐸𝐸𝑅𝑅𝑅𝑅&% , 𝐴𝐴𝐴𝐴&% , 𝑃𝑃𝐴𝐴&% , 𝐸𝐸𝑅𝑅𝑅𝑅𝑅𝑅&%) can be estimated for the exposure difference (𝑃𝑃&%). 
These effect measures can be interpreted in terms of non-exposed risk (𝑅𝑅0&%) and exposed risk 
(𝑅𝑅1&%) at the population level (𝑝𝑝%): 
 

𝑅𝑅𝑅𝑅&% =
𝑅𝑅1&%
𝑅𝑅0&%

= 𝑓𝑓&%(𝑃𝑃𝐸𝐸&% , 𝑃𝑃&%)																																																																																																																				(44) 

 

𝑅𝑅𝑅𝑅𝑅𝑅&% =
𝑅𝑅0&%
𝑅𝑅1&%

=
1

𝑓𝑓&%(𝑃𝑃𝐸𝐸&% , 𝑃𝑃&%)
																																																																																																																 (45) 

 

𝐸𝐸𝑅𝑅𝑅𝑅&% = 𝑅𝑅𝑅𝑅&% − 1 =
1 − 𝑅𝑅𝑅𝑅𝑅𝑅&%
𝑅𝑅𝑅𝑅𝑅𝑅&%

																																																																																																																(46) 
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𝐴𝐴𝐴𝐴&% =
𝑅𝑅𝑅𝑅&% − 1
𝑅𝑅𝑅𝑅&%

= 1 − 𝑅𝑅𝑅𝑅𝑅𝑅&%																																																																																																																			(47) 

 

𝑃𝑃𝐴𝐴&% = 1 − 𝑅𝑅𝑅𝑅&% =
𝑅𝑅𝑅𝑅𝑅𝑅&% − 1
𝑅𝑅𝑅𝑅𝑅𝑅&%

																																																																																																																			 (48) 

 

𝐸𝐸𝑅𝑅𝑅𝑅𝑅𝑅&% =
1 − 𝑅𝑅𝑅𝑅&%
𝑅𝑅𝑅𝑅&%

= 𝑅𝑅𝑅𝑅𝑅𝑅&% − 1																																																																																																													(49) 

 
For the area unit (𝑎𝑎), when assuming the same non-exposed risk (𝑅𝑅0%) in all the 𝑝𝑝%, the population-
weighted relative risk (𝑃𝑃𝑃𝑃𝑅𝑅𝑅𝑅%), reciprocal relative risk (𝑃𝑃𝑃𝑃𝑅𝑅𝑅𝑅𝑅𝑅%) and relative excess measure of 
effect (𝑃𝑃𝑃𝑃𝐸𝐸𝑅𝑅𝑅𝑅% , 𝑃𝑃𝑃𝑃𝐴𝐴𝐴𝐴% , 𝑃𝑃𝑃𝑃𝑃𝑃𝐴𝐴% , 𝑃𝑃𝑃𝑃𝐸𝐸𝑅𝑅𝑅𝑅𝑅𝑅%) can be calculated by using the relative risks (𝑅𝑅𝑅𝑅&%) 
and the excess measures of effect relative to the non-exposed risk (𝐸𝐸𝑅𝑅𝑅𝑅&% , 𝑃𝑃𝐴𝐴&%) in the 𝑛𝑛 population 
units 𝑝𝑝%. These population-weighted effect measures can be interpreted in terms of non-exposed risk 
(𝑅𝑅0%) and population-weighted exposed risk (𝑃𝑃𝑃𝑃𝑅𝑅1%) at the area level (𝑎𝑎). For each 𝑝𝑝%, the weight 
of the weighted means is the population (𝑃𝑃𝑃𝑃𝑃𝑃&%). This formulation is equivalent to using the 
exposure prevalence (𝐸𝐸𝑃𝑃&%) corresponding to each pa, which is the ratio of the population of 𝑝𝑝% 
(𝑃𝑃𝑃𝑃𝑃𝑃&%) to the total population of 𝑎𝑎 (𝑃𝑃𝑃𝑃𝑃𝑃%): 
 

𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃$ = % &
𝑃𝑃1%$
𝑃𝑃0$

× 𝑃𝑃𝑃𝑃𝑃𝑃%$+	
&

%$'(	

	 % (𝑃𝑃𝑃𝑃𝑃𝑃%$) =
&

%$'(

/ % &
𝑃𝑃1%$
𝑃𝑃0$

× 𝐸𝐸𝑃𝑃%$+ =
𝑃𝑃𝑃𝑃𝑃𝑃1$
𝑃𝑃0$

= % (𝑃𝑃𝑃𝑃%$ × 𝐸𝐸𝑃𝑃%$)		
&

%$'(

												(50)
&

%$'(

 

 

𝑃𝑃𝑃𝑃𝑅𝑅𝑅𝑅𝑅𝑅% =
𝑅𝑅0%

𝑃𝑃𝑃𝑃𝑅𝑅1%
=

1
𝑃𝑃𝑃𝑃𝑅𝑅𝑅𝑅%

																																																																																																																			(51) 

 
𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃! = % (𝑃𝑃𝑃𝑃𝑃𝑃"! × 𝑃𝑃𝑃𝑃𝑃𝑃"!)	

#

"!$%	

	% (𝑃𝑃𝑃𝑃𝑃𝑃"!, = % (𝑃𝑃𝑃𝑃𝑃𝑃"! × 𝑃𝑃𝑃𝑃"!, = % 5(𝑃𝑃𝑃𝑃"! − 1, × 𝑃𝑃𝑃𝑃"!7 =
#

"!$%

𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃! − 1 =
1 − 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃!
𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃!

		
#

"!$%

						(52)
#

"!$%

:  

 

𝑃𝑃𝑃𝑃𝐴𝐴𝐴𝐴% =
𝑃𝑃𝑃𝑃𝑅𝑅𝑅𝑅% − 1
𝑃𝑃𝑃𝑃𝑅𝑅𝑅𝑅%

= 1 − 𝑃𝑃𝑃𝑃𝑅𝑅𝑅𝑅𝑅𝑅%																																																																																																					(53) 

 
𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃! = % (𝑃𝑃𝑃𝑃"! × 𝑃𝑃𝑃𝑃𝑃𝑃"!)	

#

"!$%	

	 % (𝑃𝑃𝑃𝑃𝑃𝑃"!, = % (𝑃𝑃𝑃𝑃"! × 𝑃𝑃𝑃𝑃"!, = % 5(1 − 𝑃𝑃𝑃𝑃"!, × 𝑃𝑃𝑃𝑃"!7 =
#

"!$%

1 − 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃! =
𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃! − 1
𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃!

	
#

"!$%

																			(54)
#

"!$%

:  

 

𝑃𝑃𝑃𝑃𝐸𝐸𝑅𝑅𝑅𝑅𝑅𝑅% =
1 − 𝑃𝑃𝑃𝑃𝑅𝑅𝑅𝑅%
𝑃𝑃𝑃𝑃𝑅𝑅𝑅𝑅%

= 𝑃𝑃𝑃𝑃𝑅𝑅𝑅𝑅𝑅𝑅% − 1																																																																																														(55) 

 
For the area unit (𝑎𝑎), when assuming the same exposed risk (𝑅𝑅1%) in all the 𝑝𝑝%, the population-
weighted reciprocal relative risk (𝑃𝑃𝑃𝑃𝑅𝑅𝑅𝑅𝑅𝑅′%), relative risk (𝑃𝑃𝑃𝑃𝑅𝑅𝑅𝑅′%), and relative excess measure of 
effect (𝑃𝑃𝑃𝑃𝐸𝐸𝑅𝑅𝑅𝑅′% , 𝑃𝑃𝑃𝑃𝐴𝐴𝐴𝐴′% , 𝑃𝑃𝑃𝑃𝑃𝑃𝐴𝐴′% , 𝑃𝑃𝑃𝑃𝐸𝐸𝑅𝑅𝑅𝑅𝑅𝑅′%) can be calculated by using the reciprocal relative 
risks ( !

""*!
	𝑜𝑜𝑜𝑜	𝑅𝑅𝑅𝑅𝑅𝑅&%) and the excess measures of effect relative to the exposed risk (𝐴𝐴𝐴𝐴&% , 𝐸𝐸𝑅𝑅𝑅𝑅𝑅𝑅&%) 

in the 𝑛𝑛 population units 𝑝𝑝%. These population-weighted effect measures can be interpreted in terms 
of exposed risk (𝑅𝑅1%) and population-weighted non-exposed risk (𝑃𝑃𝑃𝑃𝑅𝑅0%) at the area level (𝑎𝑎). For 
each 𝑝𝑝%, the weight of the weighted means is the population (𝑃𝑃𝑃𝑃𝑃𝑃&%). This formulation is equivalent 
to using the exposure prevalence (𝐸𝐸𝑃𝑃&%) corresponding to each 𝑝𝑝%, which is the ratio of the 
population of 𝑝𝑝% (𝑃𝑃𝑃𝑃𝑃𝑃&%) to the total population of 𝑎𝑎 (𝑃𝑃𝑃𝑃𝑃𝑃%): 
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𝐴𝐴𝐴𝐴&% =
𝑅𝑅𝑅𝑅&% − 1
𝑅𝑅𝑅𝑅&%

= 1 − 𝑅𝑅𝑅𝑅𝑅𝑅&%																																																																																																																			(47) 

 

𝑃𝑃𝐴𝐴&% = 1 − 𝑅𝑅𝑅𝑅&% =
𝑅𝑅𝑅𝑅𝑅𝑅&% − 1
𝑅𝑅𝑅𝑅𝑅𝑅&%

																																																																																																																			(48) 

 

𝐸𝐸𝑅𝑅𝑅𝑅𝑅𝑅&% =
1 − 𝑅𝑅𝑅𝑅&%
𝑅𝑅𝑅𝑅&%

= 𝑅𝑅𝑅𝑅𝑅𝑅&% − 1																																																																																																													(49) 

 
For the area unit (𝑎𝑎), when assuming the same non-exposed risk (𝑅𝑅0%) in all the 𝑝𝑝%, the population-
weighted relative risk (𝑃𝑃𝑃𝑃𝑅𝑅𝑅𝑅%), reciprocal relative risk (𝑃𝑃𝑃𝑃𝑅𝑅𝑅𝑅𝑅𝑅%) and relative excess measure of 
effect (𝑃𝑃𝑃𝑃𝐸𝐸𝑅𝑅𝑅𝑅% , 𝑃𝑃𝑃𝑃𝐴𝐴𝐴𝐴% , 𝑃𝑃𝑃𝑃𝑃𝑃𝐴𝐴% , 𝑃𝑃𝑃𝑃𝐸𝐸𝑅𝑅𝑅𝑅𝑅𝑅%) can be calculated by using the relative risks (𝑅𝑅𝑅𝑅&%) 
and the excess measures of effect relative to the non-exposed risk (𝐸𝐸𝑅𝑅𝑅𝑅&% , 𝑃𝑃𝐴𝐴&%) in the 𝑛𝑛 population 
units 𝑝𝑝%. These population-weighted effect measures can be interpreted in terms of non-exposed risk 
(𝑅𝑅0%) and population-weighted exposed risk (𝑃𝑃𝑃𝑃𝑅𝑅1%) at the area level (𝑎𝑎). For each 𝑝𝑝%, the weight 
of the weighted means is the population (𝑃𝑃𝑃𝑃𝑃𝑃&%). This formulation is equivalent to using the 
exposure prevalence (𝐸𝐸𝑃𝑃&%) corresponding to each pa, which is the ratio of the population of 𝑝𝑝% 
(𝑃𝑃𝑃𝑃𝑃𝑃&%) to the total population of 𝑎𝑎 (𝑃𝑃𝑃𝑃𝑃𝑃%): 
 

𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃$ = % &
𝑃𝑃1%$
𝑃𝑃0$

× 𝑃𝑃𝑃𝑃𝑃𝑃%$+	
&

%$'(	

	 % (𝑃𝑃𝑃𝑃𝑃𝑃%$) =
&

%$'(

/ % &
𝑃𝑃1%$
𝑃𝑃0$

× 𝐸𝐸𝑃𝑃%$+ =
𝑃𝑃𝑃𝑃𝑃𝑃1$
𝑃𝑃0$

= % (𝑃𝑃𝑃𝑃%$ × 𝐸𝐸𝑃𝑃%$)		
&

%$'(

												(50)
&

%$'(

 

 

𝑃𝑃𝑃𝑃𝑅𝑅𝑅𝑅𝑅𝑅% =
𝑅𝑅0%

𝑃𝑃𝑃𝑃𝑅𝑅1%
=

1
𝑃𝑃𝑃𝑃𝑅𝑅𝑅𝑅%

																																																																																																																			 (51) 

 
𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃! = % (𝑃𝑃𝑃𝑃𝑃𝑃"! × 𝑃𝑃𝑃𝑃𝑃𝑃"!)	

#

"!$%	

	% (𝑃𝑃𝑃𝑃𝑃𝑃"!, = % (𝑃𝑃𝑃𝑃𝑃𝑃"! × 𝑃𝑃𝑃𝑃"!, = % 5(𝑃𝑃𝑃𝑃"! − 1, × 𝑃𝑃𝑃𝑃"!7 =
#

"!$%

𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃! − 1 =
1 − 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃!
𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃!

		
#

"!$%

						(52)
#

"!$%

:  

 

𝑃𝑃𝑃𝑃𝐴𝐴𝐴𝐴% =
𝑃𝑃𝑃𝑃𝑅𝑅𝑅𝑅% − 1
𝑃𝑃𝑃𝑃𝑅𝑅𝑅𝑅%

= 1 − 𝑃𝑃𝑃𝑃𝑅𝑅𝑅𝑅𝑅𝑅%																																																																																																					(53) 

 
𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃! = % (𝑃𝑃𝑃𝑃"! × 𝑃𝑃𝑃𝑃𝑃𝑃"!)	

#

"!$%	

	 % (𝑃𝑃𝑃𝑃𝑃𝑃"!, = % (𝑃𝑃𝑃𝑃"! × 𝑃𝑃𝑃𝑃"!, = % 5(1 − 𝑃𝑃𝑃𝑃"!, × 𝑃𝑃𝑃𝑃"!7 =
#

"!$%

1 − 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃! =
𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃! − 1
𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃!

	
#

"!$%

																			(54)
#

"!$%

:  

 

𝑃𝑃𝑃𝑃𝐸𝐸𝑅𝑅𝑅𝑅𝑅𝑅% =
1 − 𝑃𝑃𝑃𝑃𝑅𝑅𝑅𝑅%
𝑃𝑃𝑃𝑃𝑅𝑅𝑅𝑅%

= 𝑃𝑃𝑃𝑃𝑅𝑅𝑅𝑅𝑅𝑅% − 1																																																																																														(55) 

 
For the area unit (𝑎𝑎), when assuming the same exposed risk (𝑅𝑅1%) in all the 𝑝𝑝%, the population-
weighted reciprocal relative risk (𝑃𝑃𝑃𝑃𝑅𝑅𝑅𝑅𝑅𝑅′%), relative risk (𝑃𝑃𝑃𝑃𝑅𝑅𝑅𝑅′%), and relative excess measure of 
effect (𝑃𝑃𝑃𝑃𝐸𝐸𝑅𝑅𝑅𝑅′% , 𝑃𝑃𝑃𝑃𝐴𝐴𝐴𝐴′% , 𝑃𝑃𝑃𝑃𝑃𝑃𝐴𝐴′% , 𝑃𝑃𝑃𝑃𝐸𝐸𝑅𝑅𝑅𝑅𝑅𝑅′%) can be calculated by using the reciprocal relative 
risks ( !

""*!
	𝑜𝑜𝑜𝑜	𝑅𝑅𝑅𝑅𝑅𝑅&%) and the excess measures of effect relative to the exposed risk (𝐴𝐴𝐴𝐴&% , 𝐸𝐸𝑅𝑅𝑅𝑅𝑅𝑅&%) 

in the 𝑛𝑛 population units 𝑝𝑝%. These population-weighted effect measures can be interpreted in terms 
of exposed risk (𝑅𝑅1%) and population-weighted non-exposed risk (𝑃𝑃𝑃𝑃𝑅𝑅0%) at the area level (𝑎𝑎). For 
each 𝑝𝑝%, the weight of the weighted means is the population (𝑃𝑃𝑃𝑃𝑃𝑃&%). This formulation is equivalent 
to using the exposure prevalence (𝐸𝐸𝑃𝑃&%) corresponding to each 𝑝𝑝%, which is the ratio of the 
population of 𝑝𝑝% (𝑃𝑃𝑃𝑃𝑃𝑃&%) to the total population of 𝑎𝑎 (𝑃𝑃𝑃𝑃𝑃𝑃%): 
 

(50)

(52)

(54)
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DISCUSSION
Health impact assessment can be thought as a “re-

verse” study design, where an exposure-response func-
tion and the outcome data under one exposure scenario 
are combined to estimate the change in outcome data 
under an alternative exposure scenario. This paper aims 
to fill gaps in the HIA literature by proposing a sys-
tematic classification of effect measures, reporting a 
standard conceptual framework, and addressing spatial 
resolution challenges. The present work proposes a sim-
ple approach with four situations based on the nature 
of the exposure and the imagined change in exposure. 
In addition, two possible approaches to the problem of 
different spatial resolutions are proposed. These con-
tributions are expected to improve the robustness and 
applicability of health impact assessment in different 
contexts. 

Furthermore, the proposed classifications are of epi-
demiological interest beyond health impact assessment. 
The functional classification of the four relative excess 
effect measures and the proposed definitions for pre-
ventable risk, reciprocal relative risk and excess recipro-
cal relative risk could potentially contribute to promot-
ing standard epidemiological terminology. The marginal 
and conditional approaches were essentially based on 
and extended the definitions of attributable fractions 
for the exposed and population, respectively [11]. 
Our proposal sought to extend the framework to the 
other relative excess measures of effect. Furthermore, 
the common definition of the population attributable 
fraction basically assumed the same non-exposed risk 
among population units, whereas the present work also 
explores the assumption of the same exposed risk. In 
summary, the proposed epidemiological definitions aim 
to provide a comprehensive and general framework for 
the relative excess measures of effect.

From a practical point of view for HIA purposes, 
the difference between AF and ERR, or between PF 
and ERRR, may be negligible with relative risks close 

to one. Furthermore, it may not always be possible to 
use baseline outcome data that strictly match to the 
available non-exposure or exposure scenarios, e.g., 
non-exposure may be at time 1, baseline outcome data 
at time 2 and exposure at time 3. A possible solution 
could be to assume that the available baseline risk is 
equal to the non-exposed or exposed risk, whichever is 
assumed to be more similar. In addition, this work ex-
plicitly considers a single counterfactual scenario and 
a single exposure variable for each unit, but an analo-
gous methodology could be applied to multiple coun-
terfactuals and exposures. With regard to the different 
levels of measurement, the marginal approach may be 
more general and easier to apply, as it could be math-
ematically simpler to calculate and doesn’t require spe-
cific assumptions about the distribution of risks across 
population units. This last point may be important be-
cause risks are, by their nature, highly variable across 
the population, depending on a whole range of unmea-
sured variables. The marginal approach can produce 
effect measures that are somehow an average of the 
estimates derived from the two possible conditional 
approaches. A recent work reported both marginal ap-
proach (main analysis) and conditional approach (sen-
sitivity analysis) in calculating the mortality impacts of 
increasing residential greenness for the whole of Italy, 
with a difference of 1.3% in the estimates [8].

Our results are also consistent with several guidelines 
and publications [1-24]. While most of the HIA litera-
ture focuses on air pollution, the framework and meth-
ods developed in the present study can be extended 
virtually to all other environmental and social determi-
nants of health. Future research could explore health 
impact assessment in areas such as noise pollution, ur-
ban planning, and climate change [29]. The versatility 
of the proposed framework allows it to be adapted to 
different types of exposures, thereby increasing its util-
ity across different sectors. The main strength of the 
present study is that it proposes a simple, standardized 
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DISCUSSION 
Health impact assessment can be thought as a “reverse” study design, where an exposure-response 
function and the outcome data from one exposure scenario are combined to estimate the change in 
outcome data under an alternative exposure scenario. This paper aims to fill gaps in the HIA 
literature by proposing a systematic classification of effect measures, reporting a standard conceptual 
framework, and addressing spatial resolution challenges. The present work proposes a simple 
approach with four situations based on the nature of the exposure and the imagined change in 
exposure. In addition, two possible approaches to the problem of different spatial resolutions are 
proposed. These contributions are expected to improve the robustness and applicability of health 
impact assessment in different contexts.  
Furthermore, the proposed classifications are of epidemiological interest beyond health impact 
assessment. The functional classification of the four relative excess effect measures and the proposed 
definitions for preventable risk, reciprocal relative risk and excess reciprocal relative risk could 
potentially contribute to promoting standard epidemiological terminology. The marginal and 
conditional approaches were essentially based on and extended the definitions of attributable 
fractions for the exposed and population, respectively [11]. Our proposal sought to extend the 
framework to the other relative excess measures of effect. Furthermore, the common definition of the 
population attributable fraction basically assumed the same non-exposed risk among population 
units, whereas the present work also explores the assumption of the same exposed risk. In summary, 
the proposed epidemiological definitions aim to provide a comprehensive and general framework for 
the relative excess measures of effect. 
From a practical point of view for HIA purposes, the difference between 𝐴𝐴𝑃𝑃 and 𝑃𝑃𝑃𝑃𝑃𝑃, or between 
𝑃𝑃𝑃𝑃 and 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃, may be negligible with relative risks close to one. Furthermore, it may not always be 
possible to use baseline outcome data that strictly match to the available non-exposure or exposure 
scenarios, e.g., non-exposure may be at time 1, baseline outcome data at time 2 and exposure at time 
3. A possible solution could be to assume that the available baseline risk is equal to the non-exposed 
or exposed risk, whichever is assumed to be more similar. With relation to the different levels of 
measurement, the marginal approach is mathematically simpler to calculate and doesn't require 
particular assumptions about the distribution of risks across population units, so it could be more 
general and easier to apply. The last point could be important because baseline risks are, by their 
nature, highly variable across the population, depending on a whole range of unmeasured variables. 
The marginal approach can produce effect measures that are somehow an average of the estimates 
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and general approach to health impact assessment that 
is applicable to virtually all exposures.

In this regard, advances in computational tools and 
technologies, such as geographic information systems, 
machine learning, and big data analytics, offer new op-
portunities to enhance health impact assessment. These 
tools can improve the accuracy of exposure and out-
come assessments, facilitate the analysis of complex da-
tasets, estimate more tailored and accurate exposure-
response functions and provide more detailed spatial 
and temporal analyses. Future studies should explore 
the integration of these technologies into the HIA 
framework to improve its effectiveness and accuracy. 
For example, the Global Human Settlement (GHS) 
population grid is a European Commission product 
that shows the distribution of residential population, 
expressed as the number of people per cell [26]. When 
the GHS population grid is used for exposure assess-
ment in conjunction with satellite exposure data, there 
is no need to georeferenced the local population or to 
address privacy concerns [8]. In fact, this makes it pos-
sible to approximate exposure at the municipal level 
using public population data thar are freely available 
worldwide at high resolution [8, 26]. The sole outcome 
information required can be used after aggregation to 
the municipal level [25]. With the most recent data pro-
vided by health and statistical agencies, the HIA can be 
applied worldwide.

Our proposed standard framework is in line with com-
mon HIA approaches reported by different guidelines 
and documents [1-8, 13-23]. For example, the same 
framework (use of meta-analytic relative risks to esti-
mate health impacts) has been reported by WHO in the 
officially provided tools for HIA on air quality (AirQ+) 
[2]. The WHO HRAPIE (health risks of air pollution 
in Europe) document on exposure-response functions 
[3] recommended the same approach and basically pro-
vided for air pollutants a list of available metanalytic 
relative risks for air pollutants to be used in HIA. How-
ever, further research is essential and recommended for 
the future to explore the associations between multiple 
exposures and health and to provide more reliable expo-
sure-response functions, thus enabling more accurate 
and complete assessments.

Indeed, there are limitations to the proposed ap-
proach, both in terms of the HIA framework and to 
the quality of the input elements (populations, expo-
sures, outcomes, functions).  The accuracy of the HIA 
is highly dependent on the quality and availability of 
data and functions. Poor quality of these elements can 
be a challenge. Future studies should focus on improv-
ing data harmonization, estimating exposure-response 
functions, and developing robust methodologies to fill 
data gaps. Collaboration between public health agen-
cies, environmental monitoring agencies, and academic 
institutions is crucial to ensure comprehensive and high 
quality data for health impact assessment.

One limitation may be the uncertainty of the expo-
sure estimation. The “original sin” of most environ-
mental epidemiology studies may be to use residential 
exposure as a proxy for total individual exposure, even 
though people spend only part of their time at home. 

Another important limitation is the uncertainty in the 
estimates due to uncertainty in the exposure-response 
function estimation (confounding, selection and in-
formation bias, heterogeneity) and utilization (non-
transportability) [9-12]. These limitations are related 
to the counterfactual definitions of effect measures 
and to the assumptions described in the Methods sec-
tion. It is therefore crucial to use the more reliable and 
accurate exposure-response functions from properly 
conducted analytical studies and meta-analyses when 
conducting health impact assessment. However, due to 
the complex nature of the relationship between expo-
sures and health outcomes, some degree of uncertainty 
remains inherent and unavoidable in health impact as-
sessment. Therefore, future research should also focus 
on developing methods to quantify and communicate 
these limits in HIA results. In addition, the marginal 
and conditional approaches are essentially methods for 
calculating health impacts when the outcome data are 
not available at the same spatial detail as the popula-
tion and exposure data. However, these outcome data 
could potentially be downscaled to some extent by us-
ing other variables not directly included in the health 
impact assessment. The potential of machine learning 
models could help in this sense in the future.

With these perspectives in mind, this paper can make 
an important contribution to the field of health impact 
assessment by providing a systematic classification of 
relative excess measures of effect, developing a stan-
dardized and evidence-based conceptual framework, 
and elaborating standard solutions for dealing with 
different spatial resolutions. Key findings and propos-
als include a clear and systematic classification that 
improves the understanding and use of relative excess 
measures in health impact assessment; a simple con-
ceptual framework that addresses different research 
questions, making assessments more robust and ap-
plicable across different contexts and exposures, and 
the estimates comparable across different studies; and 
different analytical solutions for dealing with different 
levels of spatial detail in HIA that improve the accuracy 
and reliability of the health impact estimates.

By addressing all these aspects, the study fills existing 
gaps in the HIA literature and provides a foundation 
for future research and practice. The proposed meth-
ods and frameworks are designed to be applicable to 
a range of different situations, ensuring their relevance 
in various settings and applications. As health impact 
assessment continues to evolve, the insights and tools 
provided in this paper could help guide more effective 
and equitable health impact assessments, ultimately 
contributing to better public health decisions and out-
comes.
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Abstract
Since their institution, Ethics Committees (ECs) dedicated to the ethical evaluation of 
research protocols have been traditionally entrusted with the role of finding a delicate 
balance between protecting research participants’ rights and avoiding the hampering of 
scientific progress. In Europe, these bodies have evolved significantly over time, shaped 
by a dynamic regulatory framework culminating in Regulation (EU) 536/2014, which 
has been fully applied since 2022. Focusing on the Italian scenario, a decade after the 
adoption of the Regulation (2014-2024), this paper is aimed at shedding light on the 
extent to which the evolution of the pertinent normative framework has affected ECs’ 
space for reflection within the ethics review process of clinical trials, essential to protect 
the rights of research participants. Although focused on the Italian scenario, the analysis 
holds relevance for the broader European context, since the Regulation is unique and 
developments in a single Member State may impact the others.
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INTRODUCTION
Throughout history, the scientific discoveries that laid 

the foundations of modern and contemporary medi-
cine often relied on processes that, by today’s ethical 
and scientific standards, would be deemed unaccept-
able. One notable example is the efforts to combat 
smallpox, a devastating disease that once posed a se-
vere threat to public health. In 1717, Sir Hans Sloane 
studied the technique of “variolation”, namely using 
pus from blisters obtained from patients with smallpox 
[1]. This technique was also approached by Lady Mary 
Worley Montagu in 1718 [1]. In the effort to eradicate 
smallpox, the most notable example involves Edward 
Jenner’s research. He observed that persons (typically 
dairymaids) who had suffered from the cowpox did not 
contract smallpox. On these grounds, he started a series 
of experiments. In 1796, Jenner inoculated, among oth-
ers, an eight-year-old boy with cowpox and, after his 
recovery, with smallpox. The boy did not contract small-
pox (https://biotech.law.lsu.edu/cphl/history/articles/
jenner.htm) [2]. While Jenner’s experiments provided a 
relevant contribution to the history of medicine, at that 
time no one questioned the involvement of vulnerable 
people in medical research.

It has been a long time since Jenner’s experiments 
and, following numerous instances of abuse, particular-
ly involving vulnerable individuals, strict ethical require-
ments have been established to safeguard the rights of 

those involved in research. As a result, even though Jen-
ner’s work significantly contributed to the eradication of 
a disease that is estimated to have killed more than 300 
million people in the 20th century [3], his experiments 
would not be authorized today [2]. Should we regret, 
then, the times in which freedom for any method of 
scientific research was granted? Certainly not: crite-
ria for research ethics and scientific rigor are needed. 
Research with humans, in fact, can be detrimental to 
the rights and wellbeing of participants. Yet, while safe-
guarding rights of persons involved, at the same time 
ethics should not hamper the scientific progress we all 
rely on as a society. 

Such a delicate, yet essential, role of finding a bal-
ance between these two dimensions in the evaluation of 
research protocols has been conferred to specific bod-
ies with different names depending on the countries in 
which they are located – some examples are Research 
Ethics Committees (RECs) or Institutional Review 
Boards (IRBs). Since this paper focuses on the Italian 
context, the expression “Ethics Committee (EC)” will 
be used in compliance with the Italian context. Though 
ECs in Italy are in charge of different tasks, this analysis 
will take mainly into consideration the ethical clearance 
of clinical studies involving humans. 

2024 was the tenth anniversary of the adoption of Reg-
ulation (EU) 536/2014 (hereafter “the Regulation”) of 
the European Parliament and of the Council of 16 April 

mailto:chiara.mannelli@iss.it
https://biotech.law.lsu.edu/cphl/history/articles/jenner.htm
https://biotech.law.lsu.edu/cphl/history/articles/jenner.htm
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2014 on clinical trials on medicinal products for human 
use [4] which revolutionized the whole research field 
in European countries and is fully applied since 2022. 
Drawing upon the Italian scenario, this paper aims at 
exploring whether changes in the normative framework 
regulating research – with specific focus on the last 10 
years – has been affecting the quality and the space for 
the independent ethical reflection. This aspect is crucial 
as EC’s independent ethical reflection underpins the ex-
tremely delicate role of protecting the rights of research 
participants, traditionally assigned to these bodies.

Although focused on Italy, the analysis is of interest 
for the entire European context, since the community 
Regulation is the common regulatory reference and 
what happens in a single Member State has repercus-
sions for all the others.

ADVENT OF REGULATION (EU) 536/2014: 
STRENGTHS AND WEAKNESSES

The adoption of the Regulation constituted a break-
through for ECs in Italy and for the whole medical re-
search field.

The Regulation, aimed at speeding up and harmoniz-
ing the extremely fragmented evaluation system across 
Europe, introduced two main changes to the clinical 
trials’ assessment procedure. First, each Member State 
involved in a research protocol is required to convey a 
unique decision uploaded through the EU portal as to 
whether the clinical trial is authorized, authorized under 
specific conditions, or whether authorization is denied 
within strict deadlines. The second innovation concerns 
the rethinking of the whole procedure of clinical trials’ 
assessment. The Regulation divides clinical trials’ assess-
ment reports into two different sections. Part I, described 
by article 6 of the Regulation, involves verification of: re-
quirements for low-intervention trials where applicable; 
the anticipated therapeutic and public health benefits; 
the risks and inconveniences for the subject; compliance 
with the requirements concerning the manufacturing 
and import of investigational medicinal products; com-
pliance with labelling requirements; and completeness 
and adequateness of the investigator’s brochure.

Part II, described by article 7, involves compliance re-
quirements: for informed consent; of arrangements for 
rewarding or compensating subjects and investigators; 
of arrangements for recruitment of subjects; with Regu-
lation 2016/679 on General Data Protection (GDPR); 
with Article 49, regarding the suitability of individuals 
involved in conducting the clinical trial; with Article 50, 
involving the suitability of clinical trial sites; and with 
Article 76, regulating Damage compensation.

In this scenario, the Regulation does not provide 
Member States with guidance and indications aimed 
at meeting the newly introduced requirements. In rela-
tion to the role of RECs, Regulation (EU) 536/2014 
requires Member States to organize the involvement of 
these bodies in the evaluation process at the national 
level, but does not impose any binding modality for the 
organization of this process. As a result, each Member 
State is free to decide how to set the national network 
in order to reach the required “single decision” and how 
to distribute the tasks described in assessment report 

Part I or Part II, provided the strict deadlines imposed 
by the Regulation are met. This choice grants Mem-
ber States a certain discretion in choosing and adopting 
the organizational model each one deems best for their 
national background. Nevertheless, such a lack of cen-
tralization leads to a significant heterogeneity and of-
ten Member States do not know what happens “behind 
the scenes” of the single decision reached by confining 
countries participating in the same study. The rigor of 
a Member State’s decision, however, does impact the 
overall evaluation’ quality of the European system.

APPLICATION OF REGULATION (EU) 
536/2014. THE ITALIAN CASE

The procedural revolution introduced by the Regu-
lation deeply impacted each Member State’s research 
apparatus. Italy, with its extensively articulated network 
of ECs, was no exception [5]. As in other European 
countries, it took several years for the rearrangement to 
be implemented.

Law n.3/2018 [6] intervened to regulate the Italian 
framework by rethinking the arrangement of ECs. In 
particular, the network for ethical clearance of me-
dicinal products, considerably reduced, is outlined as 
follows: 40 Territorial Ethics Committees (TECs), dis-
tributed throughout the national territory and chosen 
among the already existing ECs, in charge to provide a 
single evaluation for clinical trials with medicinal prod-
ucts, medical devices, and observational studies with 
medicinal products; and 3 National Ethics Committees 
(NECs) in charge of the ethical clearance of clinical tri-
als pertaining to specific research areas (pediatrics; ad-
vanced therapies; and clinical trials conducted by public 
research bodies, EPR, and other national public institu-
tions). The already existing ECs that were not incor-
porated into the structure envisaged by Law n. 3/2018 
have been allowed to continue their work subject to re-
gional resolution, for matters not covered by the newly 
established ECs.

On January 31st, 2022, after 8 years from its publica-
tion and entry into force, the Regulation was applied in 
European Member States.

In Italy, TECs and NECs (henceforth referred to with 
the expression “ECs”) are in charge of completing Part 
II of the assessment report. They may express observa-
tions on Part I as well, yet the Competent Authority 
(CA), i.e., the Italian Medicines Agency (Agenzia Ita-
liana del Farmaco, AIFA), is in charge of completing 
this first part. Abiding by the law, AIFA may hypotheti-
cally refuse to endorse observations raised by ethics 
committees if deemed inadequate, which is controver-
sial given the ethical relevance of Part I. 

Also, observations on Part II may have an impact on 
the evaluation of Part I and vice versa.

The introduction of the Regulation has profoundly 
influenced how Italian ECs conduct their ethical evalu-
ations. Before its application, in Italy the authorization 
of AIFA together with that of one or more indepen-
dent EC(s) was required to start a clinical trial. In this 
scenario, at least in theory, the opinion of the EC(s) 
was binding and covered all aspects of the study under 
review. The situation changed radically within the Regu-
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lation: the authorization of both AIFA and EC is still 
required, but ECs can express their binding evaluation 
only on some aspects of ethical relevance.

2024 has marked ten years since the adoption of the 
Regulation in 2014. This anniversary is particularly sig-
nificant as it calls for a reflection on the evolution of 
these bodies focused on clinical trials’ evaluations.

Has this evolution maintained the quality and scope 
of ethical analysis – crucial for fulfilling the delicate role 
of encouraging research advances, while safeguarding 
participants’ rights – that ECs have traditionally been 
entrusted with?

ITALIAN ETHICS COMMITTEES AND 
REGULATION: A QUANTITATIVE AND 
QUALITATIVE ETHICAL FLATTENING?

Ethics has been gaining growing relevance and signif-
icance in the global healthcare scenario and, in particu-
lar, within the research field (https://www.weforum.org/
stories/2024/01/trust-ethics-economics-governance/; 
https://www.who.int/activities/ensuring-ethical-stan-
dards-and-procedures-for-research-with-human-be-
ings). Surprisingly, Italian ECs do not appear to have 
benefited from this change. The general impression is 
that, over time, there has been a gradual flattening of 
the value placed on the ethical reflection that ECs have 
had the opportunity to contribute to within the Italian 
medical research field.

Despite such a flattening has been affecting the 
whole research field in Italya, this analysis will focus on 
changes regarding clinical research. Already in the ‘90s 
the huge number of trials to be evaluated by Italian ECs 
reportedly “poisoned” these bodies and their space for 
ethical reflection [7]. 

More recently, this concern has become particularly 
perceptible in the role the Italian application of the 
Regulation has attributed to ECs. Such a flattening 
might be traced back to two main concerns, one regard-
ing quantity, and the second one regarding quality of the 
evaluation Italian ECs find themselves in the position 
to provide within the ethical clearance of clinical trials. 

The first concern involves the quantitative limitation 
of the competences currently assigned to Italian ECs 
in the framework of the Regulation. Such a consider-
ation does not mainly apply to the number of trials as-
signed to each EC – the number has decreased, but the 
amount of work and the bureaucratic procedures need-
ed to meet the requirements has increasedb. Rather, 
concerns pertain the limitation of aspects of ethical rel-
evance ECs can evaluate within a study. Aspects related 
to Part I of the assessment report, like the evaluation 
of anticipated therapeutic and public health benefits 
associated with the clinical trial or potential risks and 

aFor instance, there is a persistent lack of legislation and of standardized 
procedures regarding the ethical clearance of research involving 
humans that does not pertain to medicinal products or medical devices 
in Italy. Such a normative and procedural blur represents a barrier to 
the evaluation of these kinds of studies by making it arduous for ECs to 
express their assessments regarding a huge and heterogeneous research 
area that offers great opportunities for patients’ care.
bMoreover, ECs in Italy evaluate many other kinds of study not falling 
under the Regulation.

inconveniences for the subject enrolled in the study, 
are matters of concern from an ethical perspective and 
are deeply intertwined to the aspects ECs are required 
to evaluate in Part II. To this end, the evaluation of all 
these elements, particularly relevant from many differ-
ent points of view, should benefit from an ethical and 
interdisciplinary perspective, such as the one provided 
by an EC. Nevertheless, in Italy such aspects are for-
mally reviewed by the CA, whose perspective differs in 
skills and training from members of an EC. ECs may 
express their opinion, but in the event of divergent 
views the CA has the last word. Therefore, this leads to 
a quantitative limitation of the aspects ECs can express 
their binding evaluation on. This is a relevant element 
to consider as, before the adoption of the Regulation, 
the binding opinion of the EC covered all aspects of the 
study under review. Such a limitation runs counter to 
the ethical relevance of these aspects within the clini-
cal trial and affects the chances for ethical contribution 
ECs may provide within the research scenario.

The second concern regards the quality of the evalu-
ation ECs in Italy are in the position to provide. Ele-
ments relating to Part II of the assessment report are of 
marked ethical relevance. However, to promote proce-
dural standardization, the ethical evaluation elaborated 
by the EC must be expressed within a specific (and 
tightened) window of time through bulletproof forms, 
which partly pauperize the significance of the ethical 
reflection underpinning the evaluation itself. Such an 
approach has significant benefits: evaluations are now 
faster and standardized, thus more easily comparable 
among countries participating to the same protocol. 
Yet, the ethical pondering, that has characterized the 
growth and evolution of ECs, must now be squeezed 
to fit the non-editable grids and be expressed through 
options to be flagged [8]. The risk of this procedure is to 
lead to a fragmentation and a debasement of the ethical 
reflection elaborated by ECs. Moreover, this trend im-
plies a progressive bureaucratization of ECs by monop-
olizing their activity in order to meet the requirements 
of the Regulation. In other terms, ECs risk becoming 
bureaucratic machines whose main occupation is to 
fill out the forms pertaining Part IIc without having an 
overall vision of the ethical implications regarding the 
protocol under evaluation, precisely because ECs are 
only responsible for the evaluation of Part II.

ECs’ REORGANIZATION AND CHANCES FOR 
ETHICAL REFLECTION

As described above, ECs in Italy have gone through 
a profound transformation to meet the requirements of 
an evolving normative framework. In the last 10 years, 
since the adoption of the Regulation, their role has sig-

cAlthough the Regulation in Italy has had significant direct 
consequences on the role of ECs in the evaluation of protocols with 
medicinal products, its application has indirectly influenced the role 
of ECs in the evaluation of all other types of research as well. The 
significant focus on the Regulation has had a knock-on effect in the 
whole field of research. In this framework, the evaluation of studies that 
do not fall within the umbrella of Regulation 536 could be perceived as 
of secondary relevance. In any case, these studies float in a persistent 
regulatory gap with enormous ethical implications.

https://www.weforum.org/stories/2024/01/trust-ethics-economics-governance/
https://www.weforum.org/stories/2024/01/trust-ethics-economics-governance/
https://www.who.int/activities/ensuring-ethical-standards-and-procedures-for-research-with-human-beings
https://www.who.int/activities/ensuring-ethical-standards-and-procedures-for-research-with-human-beings
https://www.who.int/activities/ensuring-ethical-standards-and-procedures-for-research-with-human-beings
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nificantly changed. Yet, the overall impression is that 
this evolution has seldom constituted a fertile ground 
for a flourishing of the ethical depth of ECs’ contribu-
tion to the research scenario. Such a trend unfolded in 
contrast to the awareness that ethics is gaining globally 
in the healthcare field and, in particular, in the research 
one, and was ultimately ratified, in Italy, by the role as-
signed to ECs within the application of the Regulation. 
It is worth highlighting that the present analysis does 
not intend, in any way, to attribute direct responsibil-
ity to the Regulation for such an impoverishment. The 
European harmonization introduced by the Regulation 
was necessary to coordinate and to streamline the pro-
tocols’ evaluation procedures at a communitarian level 
to make Europe more attractive and competitive in the 
research field. Rather, the present analysis underlines 
that, unfortunately, it was the depth of the ethical analy-
sis reserved to ECs, depleted from both a qualitative 
and quantitative point of view, that paid the price for 
the Italian strategy.

Reducing the role of ECs to a technical and bureau-
cratic control is a short-sighted strategy. The delicate 
role of finding the right balance between subjects’ pro-
tection and scientific progress ECs have been tradition-
ally entrusted with, requires space and circumstances to 
be both developed and exercised. Given the relevance 
of the role of ECs and their value in the delicate mis-
sion of safeguarding the rights of trial participants, it is 
crucial to find solutions for their ethical reflection to be 
treasured through time, rather than progressively con-
strained and eroded [9].

Although the role assigned to Italian ECs in the eval-
uation of clinical trials in the context of the Regulation 
is only a part of the tasks assigned to these bodies, this 
shift affects the role ECs play in the evaluation of re-
search not falling under the umbrella of the Regulation, 
as discussed above. To this end, rethinking the Italian 
mechanism in order to leave more room for ECs ethical 
reflection to unravel seems not only desirable, but nec-
essary. Such a call is not only relevant at a national level 
but, rather, at a European level since a potential flatten-
ing of the quality of the ethical reflection produced by 
a single Member State may affect the overall quality of 
the system.

To this end, without jeopardizing the effort to harmo-
nize and streamline the evaluation procedures at Eu-
ropean level introduced by the Regulation, a possible 
solution could be to reconsider the role assigned to ECs 
in Italy, by granting them the chance to express bind-
ing considerations also on specific aspects of ethical 

relevance contained in Part I of the assessment, deeply 
intertwined to ECs responsibility. The rationale for this 
proposal has to do with the importance that the assess-
ment of research issues requiring an ethical clearance, 
such as, indeed, specific aspects of Part I, be effectively 
validated by the interdisciplinary and professional back-
ground typical of an EC. Expertise in ethics allows no 
improvisation and the uniqueness of the ethics commit-
tee is inherent in bringing together professionals of dif-
ferent backgrounds who have, as a common denomina-
tor, training in ethics. All these points of view provide a 
rich perspective to the analysis that cannot be replaced 
and that must be protected and cherished for the qual-
ity of the clearance and the safeguard of research par-
ticipants. The time has come to reflect on the room we 
want to leave for ECs, precious institutions that have 
long been guardians of research participants’ rights.

The lack of centralization for some procedural as-
pects in the application of the Regulation was extremely 
facilitating in order for each Member State to find au-
tonomously the solution that best suited and valued its 
own pre-existent national structure. However, now that 
the Regulation has been finally applied and, after more 
than 10 years, each Member State has started the gear, 
a constructive dialogue between Member States con-
cerning the solutions adopted to fulfil the requirements 
posed by the Regulation should be strongly encouraged. 
Exposing Member States to the chance to acknowledge 
different solutions adopted to comply with the Regula-
tion and, possibly, to be inspired by neighbour’s ones 
might improve and enrich the quality, the ethical per-
spective, and the overall accountability of the European 
Union research system. 
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È possibile rendere sostenibile la spesa farmaceutica in presenza di continue 
scoperte e commercializzazioni di nuove terapie il cui costo è in costante aumen-
to? E con quali strumenti si può fare? È quanto si propone di argomentare Giu-
seppe Traversa, secondo cui è possibile trovare un equilibrio fra interessi molto 
divergenti. Alcune proposte mirano a un rafforzamento strategico dell’interven-
to pubblico, ma per essere attuate richiedono un forte consenso politico e accor-
di sovranazionali. Il libro si concentra dunque su quello che può essere fatto già 
oggi, in Italia, all’interno del quadro di norme e regolamenti presenti. Elementi 
fondamentali a questo scopo sono la valutazione dell’efficacia di un nuovo far-
maco rispetto alle alternative disponibili, la negoziazione dei prezzi e la promo-
zione della concorrenza fra aziende produttrici.
Il libro è rivolto a tutti coloro che sono interessati a capire come continuare a 
garantire l’universalità del servizio sanitario nazionale e ad approfondire le po-
litiche di accesso ai farmaci, ma anche a coloro che operano nel mondo delle 
aziende farmaceutiche, nella consapevolezza che per una discussione vera sia 
necessario chiarire al meglio i diversi punti di vista.

Giuseppe Traversa
Epidemiologo, ha fatto parte del 
gruppo di farmacoepidemiologia 
dell’Istituto superiore di sanità. 
Presso l’Agenzia italiana  
del farmaco (AIFA) si è occupato 
dapprima di ricerca indipendente, 
poi di strategia ed economia  
del farmaco.

euro 25,00 (i.i.)

G
iuseppe T

raversa Il valore dei farm
aci A

ccesso alle terapie efficaci e sostenibilità della spesa

Giuseppe Traversa

Accesso alle terapie efficaci  
e sostenibilità della spesa
Presentazioni di Patrizia Popoli e Massimo Riccaboni

Il valore
dei farmaci 

Sono certa che le riflessioni e le proposte esposte in questo libro con 
la chiarezza, la competenza e l’equilibrio che sono le caratteristiche 
distintive di Giuseppe Traversa rappresenteranno degli spunti mol-
to utili e stimolanti per chi si occupa o intende occuparsi di valuta-
zione dei farmaci e potranno fornire ai rappresentanti delle aziende 
farmaceutiche migliori strumenti per comprendere la logica segui-
ta fin qui dai valutatori. 

Dalla Presentazione di Patrizia Popoli

La felice sintesi proposta da Giuseppe Traversa in questo libro pone 
al centro del dibattito l’evoluzione del modello di accesso e regola-
zione e i nodi ancora irrisolti. La chiarezza e il rigore con cui sono 
illustrati strumenti, obiettivi e risultati permettono anche ad un pub-
blico di non esperti di meglio comprendere la portata delle sfide che 
dovremo affrontare e il significato delle scelte di governo della spesa.

Dalla Presentazione di Massimo Riccaboni

Fotografie di Francesco Pecoraro
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IL VALORE DEI FARMACI
Accesso alle terapie efficaci 
e sostenibilità della spesa
Giuseppe Traversa
Roma: Il Pensiero Scientifico 
Editore; 2024
242 p.
ISBN: 9788849007916
€ 25,00

[The value of drugs.  
Access to effective therapies 
and sustainable spending]

The book aims to tackle, in a comprehensive and mul-
tidimensional way, the complex process of evaluating 
the value of pharmaceuticals within the Italian regula-
tory framework – a topic of great importance for the 
sustainability of the National Health Service (SSN).

Giuseppe Traversa, with expertise and methodologi-
cal accuracy, analyses the dynamics between innovation 
and sustainability, highlighting how these two concepts 
are often perceived as contradictory in the pharmaceu-
tical sector. In fact, the financial balance of the NHS 
conflicts with the legitimate interests of pharmaceuti-
cal companies and the necessity to develop innovative 
drugs to meet the health needs of the population. While 
innovation should ideally yield benefits in terms of 
treatment efficacy and safety, it inevitably brings about 
an increase in costs.

The challenge, therefore, lies in being able to “pay” 
for a drug in proportion to the clinical benefit it offers, 
compared to the alternatives already available. This 
concept expressed through the definition of “place in 
therapy,” represents the core of the debate. The author 
emphasizes that, to assign an adequate value to a drug, 
it must be positioned along a continuum that stretches 
from therapeutic equivalence to true innovation – a task 
that he acknowledges is extremely complex.

A chapter examines the price negotiation process, 
shedding light on the interactions between the regula-
tory Agencies and pharmaceutical companies. In many 
instances, the regulatory evaluation does not meet the 
expectations of the companies, thereby lengthening de-
cision-making times and further complicating the deter-
mination of a price based on the drug real therapeutic 
value. To fairly reward innovative drugs, there must be a 
shared definition of “innovativeness” and, consequent-
ly, a consensus on the principle that a drug offering no 
advantages over existing alternatives cannot be priced 
higher. Although this approach is theoretically sound, 
in practice it clashes with the difficulty of unambigu-

ously defining concepts such as “therapeutic overlap” 
and “marginal benefit.”

Another part of the book is dedicated to managed en-
try agreements (MEAs), instruments that have played a 
pioneering role in Italy in managing uncertainty. These 
agreements represent a pragmatic response to the prob-
lem of early access to drugs whose clinical efficacy is still 
being defined, allowing for risk mitigation for the payer 
through a shared acceptance of uncertainty. However, 
Traversa does not spare criticism of these instruments, 
highlighting their limitations and the decline in their 
use in recent years considering evidence that questions 
their actual capacity to ensure a proper evaluation of 
therapeutic value.

The analysis then extends to the discussion of real-
world data (RWD) and real-world evidence (RWE). The 
author acknowledges the value of these data sources as 
a complement to randomized clinical trials, while reit-
erating that, whenever possible, the latter remain the 
gold standard for establishing the efficacy and safety of 
new treatments.

Throughout the book, the author follows a multi-
disciplinary approach, emphasizing that the process 
of evaluating and negotiating drug prices requires the 
synergistic contribution of medical, economic, statisti-
cal, legal, and pharmacological expertise and under-
lines that, in an era where an aging population and 
relentless technological progress further strain health-
care budgets, it is essential to integrate diverse per-
spectives to ensure equitable and sustainable access 
to care.

Emphasis is placed on the discussion of spending 
caps and the increasing demands for financial buffers 
by companies and Regions. Traversa analyses how, al-
though spending caps serve as a safeguard for public 
finances, they also highlight a situation in which the 
expenditure for direct drug purchases consistently ex-
ceeds forecasts, thus underlining the urgency for struc-
tural interventions and systemic reforms to effectively 
govern pharmaceutical spending.

In conclusion, the book offers a comprehensive and 
critical overview of the challenges related to evaluating 
the value of drugs within a complex and ever-evolving 
regulatory environment. Its clear exposition and abil-
ity to integrate different perspectives make this work 
an important reference not only for industry profes-
sionals, but also, for prescribing physicians, and medi-
cal students. The reflections and proposals presented 
provide stimulating insights for a more balanced and 
transparent management of the relationship between 
innovation and sustainability, which is fundamental for 
ensuring access to quality care in a healthcare system 
under constant economic pressure.
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Thus, Traversa contribution emerges as a valuable re-
source for both scientific and political debate, offering 
conceptual and operational tools to address one of the 
most pressing challenges of our time: reconciling thera-
peutic progress with the need to contain costs, while 
simultaneously maintaining a high standard of patient 
care.

Roberto Da Cas and Francesca Menniti Ippolito
Istituto Superiore di Sanità, Rome, Italy

francesca.menniti@iss.it

NON È MAI MORTO 
NESSUNO 
Dagli impasti crudi  
al microbiota, viaggio  
nella microbiologia di tutti 
i giorni
Alessandro Mustazzolu
Milano: Gribaudo, IF,  
Idee editoriali Feltrinelli srl; 
2024
224 p. 
ISBN 978-88-580-4898-6
€ 16,90

[No one ever died from it:  
from raw dough to microbiota, 
a journey into everyday 
microbiology]

“Science isn’t finished until it’s communicated. The 
communication to wider audiences is part of the job 
of being a scientist, and so how you communicate is 
absolutely vital” [1]. So did Sir Mark Walport capture 
one of the core duties of scientists. This statement also 
reflects one of the primary missions of the European 
Union which, over the past 20 years, acknowledged that 
citizens are the ultimate beneficiaries of scientific initia-
tives, and accordingly implemented strategies to involve 
laypeople in the process of scientific discovery. Over the 
years, research programmes – from the original Frame-
work Programmes to Horizon 2020 and later Horizon 
Europe – have progressively increased the dissemina-
tion requirements that researchers must meet to secure 
funding. While earlier initiatives were required to in-
clude some form of dissemination to the public, current 
ones are required to directly engage citizens at nearly 
every level of the activities, be it in the form of dissemi-
nation initiatives, involvement in guideline preparation, 
or active participation in data acquisition (i.e., citizen 
science). This effort has a dual aim: to encourage scien-
tists to step out of their “ivory tower” and to raise public 
awareness of both the benefits of research and the rig-
orous methods researchers follow to achieve meaning-
ful results. Complementarily, greater transparency will 
help taxpayers build trust in science and mitigate the 
scepticism that unclear communication may generate. 

Ultimately, actively engaging the public in research ef-
forts is expected to help mitigate the growing risks of 
fake news and conspiracy theories that exploit scientific 
jargon to mislead.

We believe that the book Non è mai morto nessuno: 
dagli impasti crudi al microbiota, viaggio nella microbio-
logia di tutti i giorni meets this aim. It exemplifies how 
scientists can foster meaningful dialogue with the gen-
eral public to achieve the aforementioned goals. Ales-
sandro Mustazzolu, microbiologist, is truly one of a 
kind – his strong research expertise (he is a Research 
Scientist of the Italian National Institute of Health) 
is matched by a dynamic and impactful presence on 
social media (over 68000 followers, and counting). He 
uses his network to educate the public as to the poten-
tial outcomes of a reckless consideration of the micro-
biological risks encountered during our daily lives (e.g., 
inaccurate handling of poultry, sanitization of surfaces, 
raw food and so on). Most importantly, Alessandro’s 
activity extends well beyond passive information to in-
corporate a constant (and to our view often thankless) 
interaction with his followers. In other words, he con-
stantly answers followers’ questions with an unwaver-
ing commitment.

This book is a well-structured and highly entertain-
ing reflection of his activities: Alessandro devoted 
each chapter of his book to answer everyday questions 
emerged in his interaction with social media followers. 
For example, Agnese is wondering how to deal with her 
mother allowing her grandchildren (Agnese’s children) 
to eat the raw shortcut pastry regardless of the poten-
tial dangers related to the ingestion of raw eggs. Using 
this and similar questions as a starting point, Alessan-
dro guides the reader through the fascinating microbio-
logical world that exists within our homes. Grounded 
in solid experimental evidence, he skillfully balances 
entertainment with education, raising awareness of the 
risks we encounter in daily life. And it’s not just about 
raw eggs – sausages and fish are also under scrutiny (su-
shi lovers may be disappointed, but it’s for their own 
good!). Besides providing “protocols-for-dummies” – 
like suggestions on how to manipulate and treat foods 
and beverages, Alessandro takes the opportunity to un-
fold some of the mysteries of microbiology and their im-
pact on our health: listeria, salmonella, and botulinum 
will become familiar to the reader. As members of an 
institute that was originally established to fight malaria, 
we can do nothing but encourage everyone to read the 
chapter devoted to this disease. Therein, the reader will 
also access the fun fact of a Nobel prize that has not 
been awarded due to jealousy and bitterness.

Alessandro takes a tour of our entire homes, bed-
rooms included: and in this section, sex becomes the 
starting point to explain how some diseases may be 
sexually transmitted but also how our way to generate a 
progeny is linked to the microbial world. The reader will 
be surprised to know that our bodies host trillions of 
bacterial species. And the word microbiome, now per-
vasive even in TV commercials, will become intelligible.

While the topics covered in the book are numerous, 
they are all linked by an underlying theme: bias. This 
term is used to define a set of mental shortcuts that 

mailto:francesca.menniti@iss.it
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we typically form (resting on scattered, limited, and in-
conclusive data) to inform our actions. The title of the 
book, which can be translated in “No one ever died from 
it”, encapsulates one of the most common biases: the 
survivorship bias. Since Agnese’s mother, and Agnese 
herself, did not experience any negative outcome fol-
lowing raw egg consumption, this habit has to be safe 
(we are biased to think that if something hasn’t harmed 
us before, it won’t harm us in the future). Alessandro is 
telling us that this is not the case and is encouraging us 
to handle our biases in a constructive way. And raw eggs 
are just one example.

This book has the potential to reach a large audience: 
not only the public which will learn how to minimise 
risks in their daily lives, but also scientists who will en-
joy the rigour of the information presented in this book 

(and the selected references too). Just don’t read it if 
your date is waiting for you at the sushi bar! 

Simone Macrì and Enrico Alleva
Centre for Behavioural Sciences and Mental Health

 Istituto Superiore di Sanità, Rome, Italy
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FOOD AND AGRICULTURE 
ORGANIZATION OF THE UNITED 
NATIONS (FAO)

The state of food and agriculture 2024. Value-
driven transformation of agrifood systems. Rome: 
Food and Agriculture Organization of the United Na-
tions 2024; 171 p. ISBN 978-92-5-139140-2. The State 
of Food and Agriculture 2024 builds on the findings of 
the 2023 edition, delving deeper into the use of true 
cost accounting assessments of agrifood systems and 
identifying policy interventions aimed at transforma-
tion. Using updated global datasets, the report con-
firms previous estimates of the quantified hidden costs 
of agrifood systems and provides a detailed breakdown 
of the hidden costs associated with unhealthy dietary 
patterns and non-communicable diseases for 156 coun-
tries. These findings are analysed through the lens of 
six agrifood systems categories to consider various out-
comes and hidden costs that require different policy in-
terventions. Case studies offering in-depth assessments 
of country, local and value chain contexts illustrate the 
economic, social and environmental impacts of current 
practices to guide policy interventions.

Global status of salt-affected soils. Main report. 
Rome: Food and Agriculture Organization of the United 
Nations 2024; 240 p. ISBN 978-92-5-139307-9. FAO’s 
Global Map of Salt-Affected Soils reveals that over 1381 
million hectares, 10.7 percent of global land, are affect-
ed, with Australia, Argentina and Kazakhstan among the 
most impacted countries. Increasing aridity and water 
demand amplify soil degradation risks, particularly in 
developing regions. Climate change and water scarcity 
threaten agricultural productivity, with substantial crop 
yield losses observed in saline areas. Halophytes and salt-
tolerant crops provide a foundation for saline agriculture, 
yet many salt-affected soils remain unprotected and in-
adequately regulated. FAO’s INSAS (International Net-
work of Salt-Affected Soils) underscores the need for 
updated data, harmonized salinity measurements, and 
sustainable management practices, with enhanced train-
ing and policy frameworks. Mitigation strategies like im-
proved drainage, soil amendments, and the cultivation of 
salt-tolerant plants are recommended. Key recommen-
dations include scaling sustainable practices, investing in 
salt-tolerant crop markets, improving data collection and 
water quality monitoring, conserving ecosystems, and 
fostering cross-sector collaboration.

Realizing the right to food in a changing world. 
The Right to Food Guidelines: 20 years on and  

beyond. Rome: Food and Agriculture Organization 
of the United Nations 2024; 82 p. ISBN 978-92-5-
139419-9. The fourth report on the status of FAO’s 
Right to Food Guidelines commemorates 20 years of 
progress since their adoption by the FAO Council in 
November 2004. It explores how the Guidelines have 
evolved to address global challenges, strengthened 
international human rights frameworks, and tackled 
barriers to food security. By emphasizing a human 
rights-based approach, the report highlights the roles 
of states, individuals, civil society, and private entities in 
advancing this vital agenda. The report concludes with 
actionable recommendations, and calls for sustainable, 
inclusive solutions to end hunger and malnutrition.

UNITED NATIONS EDUCATIONAL, 
SCIENTIFIC AND CULTURAL 
ORGANIZATION (UNESCO)

Synthetic content and its implications for AI pol-
icy: a primer. Paris: UNESCO Publishing 2024; 41 p. 
ISBN 978-92-3-100727-9. The deployment of advanced 
Artificial Intelligence (AI) models, particularly genera-
tive AI, has sparked discussions regarding the creation 
and use of synthetic content and its impact on individu-
als, societies, and economies. This note contributes to 
shed light on what “synthetic content” may mean and 
consist of, explores the different ways in which it can 
be generated and used and proposes a taxonomy that 
encompasses synthetic media and deepfakes, among 
others. The taxonomy aims to systematize key charac-
teristics, enhancing understanding and informing policy 
discussions. Key findings highlight both the potential 
benefits and concerns associated with synthetic content 
in fields like data analytics, environmental sustainabil-
ity, education, creativity, and mis/disinformation and 
point to the need to frame them ethically, in line with 
the principles and values of UNESCO Recommenda-
tion on the Ethics of Artificial Intelligence. Finally, this 
note ends with several policy considerations informing 
the conversation about how to put these powerful tech-
nologies at the service of individuals and societies.

JOINT UNITED NATIONS PROGRAMME ON 
HIV/AIDS (UNAIDS)

The urgency of now: AIDS at a crossroads. Ge-
neva: Joint United Nations Programme on HIV/AIDS 
2024; 300 p.  The global AIDS response is at a cross-
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roads: success or failure will be determined by which 
path leaders take today. The Urgency of Now: AIDS at 
a Crossroads shows that the decisions leaders make this 
year will determine whether countries can achieve the 
2030 target of ending AIDS as a public health threat 
and ensure progress beyond 2030. The report shows 
that, right now, the world is not on track to succeed, 
and the inequalities that drive the HIV pandemic are 
not being addressed sufficiently. It shows that due to 
the lack of progress on prevention, global numbers of 
new HIV infections are not declining fast enough, and 
in three regions of the world numbers of HIV infections 
are rising. It shows that almost a quarter of people liv-
ing with HIV are not receiving lifesaving treatment, and 
consequently, a person dies from AIDS-related causes 
every minute. This report provides a summary of pro-
gress against the 2025 targets that were developed with 
the Global AIDS Strategy 2021-2026.

Global AIDS monitoring 2025. Geneva: Joint Unit-
ed Nations Programme on HIV/AIDS 2025; 216 p. 
This document is a detailed compilation of indicators, 
and a suite of questions on national policies and their 
implementation. The indicators and policy questions 
are designed to enable the best use of available data 
at the national level, to standardize reporting from dif-
ferent HIV epidemics and sociopolitical contexts, and 
to enable aggregation at the global level. UNAIDS is 
working with key organizations under the umbrella of 
the Monitoring Technical Advisory Group (MTAG) to 
harmonize the indicators to match international stand-
ards. Over the past 20 years, the indicators used for 
global monitoring have evolved as our collective knowl-
edge of effective HIV responses and the barriers to this 
have improved. This will continue in the coming years. 
The indicators are reviewed annually and revised by the 
UNAIDS MTAG.

ORGANISATION FOR ECONOMIC CO-
OPERATION AND DEVELOPMENT (OECD)

Health at a glance: Europe 2024. State of health 
in the EU cycle. Paris: Organization for Economic 
Co-operation and European Commission 2024; 233 p. 
ISBN 978-92-64-58300-9 (PDF). The 2024 edition of 
Health at a Glance: Europe examines the major chal-
lenges facing European health systems in the aftermath 
of the COVID-19 pandemic. The report includes two 
thematic chapters. The first chapter provides a compre-
hensive examination of health workforce shortages in 
Europe, a long-standing problem exacerbated by the 
immense strain the pandemic placed on health systems. 
It explores the factors behind these shortages and pro-
poses policy strategies to attract, train and retain the 
workforce needed to build resilient health systems. The 
second chapter reviews the most recent trends in the 
health of Europe’s ageing population. With life expec-
tancy continuing to rise and the share of the population 
over 65 growing steadily, the chapter discusses priori-
ties to promote healthy longevity to reduce demands 
on health and long-term care systems. The remaining 

chapters provide a comparative overview of the latest 
data on health status, risk factors and health system 
performance across the 27 EU member states, 9 EU 
candidate countries, 3 European Free Trade Associa-
tion countries and the United Kingdom.
 

INTERNATIONAL LABOUR 
ORGANIZATION (ILO)

Mind the AI divide: shaping a global perspective 
on the future of work. Geneva: International Labour 
Organization and United Nations 2024; 24 p. ISBN 
9789211066524 (PDF). This report, co-authored by 
the United Nations and the International Labour Or-
ganization, addresses the critical issue of the uneven 
adoption of Artificial Intelligence (AI) and its impli-
cations for global equity, fairness, and social justice. 
Disparities in access to digital infrastructure, advanced 
technology, quality education, and training are deep-
ening existing inequalities, particularly as the global 
economy shifts towards AI-driven production and inno-
vation. Less developed countries risk being left behind, 
exacerbating economic and social divides. The report 
stresses the importance of targeted and concerted ef-
forts to bridge this digital divide to ensure AI’s potential 
to foster sustainable development and alleviate poverty. 
It highlights the role of the workplace in AI adoption, 
where productivity gains and improved working condi-
tions can be achieved with the right conditions, includ-
ing digital infrastructure, skills, and a culture of social 
dialogue. Promoting inclusive growth requires proactive 
strategies to support AI development in disadvantaged 
regions, enhance digital infrastructure, build AI skills, 
and ensure good quality jobs along the AI value chain. 
International collaboration in AI capacity building is 
crucial to create a more equitable and resilient AI eco-
system, unlocking opportunities for shared prosperity 
and human advancement worldwide. This report calls 
for continued collaborative efforts to shape global AI 
governance, uphold human dignity and labour stand-
ards, and expand economic opportunities for all.

WORLD HEALTH ORGANIZATION (WHO)

World malaria report 2024. Addressing inequi-
ty in the global malaria response. Geneva: World 
Health Organization 2024; 318 p. ISBN 978-92-4-
010444-0 (electronic version) ISBN 978-92-4-010445-
7 (print version). The world malaria report, published 
annually by the World Health Organization (WHO), 
offers an in-depth analysis of trends in malaria control 
and elimination across the globe. This year’s report 
draws on 2023 data from 83 malaria endemic countries 
and presents trends in malaria morbidity and mortality 
globally and by region, as well as progress towards the 
milestones and targets of the WHO Global technical 
strategy for malaria 2016-2030 (GTS). It tracks invest-
ments in malaria programmes and research, advance-
ments and gaps across all intervention areas (including 



P
u

b
l

ic
a

t
io

n
s
 f

r
o

m
 i

n
t

e
r

n
a

t
io

n
a

l
 o

r
g

a
n

iz
a

t
io

n
s

92

prevention, diagnosis, treatment and elimination) and 
biological threats. This year’s report introduces, for the 
first time, a dedicated chapter emphasizing the need 
for a more inclusive and effective response, with a focus 
on reaching the populations most vulnerable to malaria. 
Groups at high risk of a malaria infection include chil-
dren under five, women and girls, Indigenous Peoples, 
migrants, persons with disabilities, and people in re-
mote areas with limited healthcare access.

Global report on infection prevention and con-
trol 2024. Geneva: World Health Organization 2024; 
210 p. ISBN 978-92-4-010398-6 (electronic version) 
ISBN 978-92-4-010399-3 (print version). This sec-
ond global report on infection prevention and control 
(IPC) provides updated evidence on the harm caused 
to patients and health workers by health care-associ-
ated infections (HAIs) and antimicrobial resistance 
(AMR) and presents an updated global analysis of the 
implementation of IPC programmes at the national 
and health care facility levels across all WHO regions. 
The report highlights also recent landmark political and 
implementation documents, which indicate directions, 
actions, indicators and targets for countries and the in-
ternational IPC community to help them to progress 
in the implementation and improvement of IPC. The 
report is the result of a cross-cutting and multidiscipli-
nary effort involving staff at WHO headquarters and 
in regional offices, as well as key partners in the field 
of IPC. It includes information and data from many 
sources, including the scientific literature, WHO glob-
al databases, WHO surveys using standardized tools, 
as well as WHO publications and reports published 
by other institutions. It also includes a compilation of 
data and information providing overviews of IPC at the 

global and regional levels and by country income level, 
with examples of IPC implementation at both country 
and facility level. management services that handle an-
tibiotic waste.

Guidance on global monitoring for diabetes pre-
vention and control: framework, indicators and 
application. Geneva: World Health Organization 
2024; 89 p. ISBN 978-92-4-010224-8 (electronic ver-
sion) ISBN 978-92-4-010225-5 (print version). The 
Guidance on global monitoring for diabetes preven-
tion and control provides a comprehensive framework 
to support countries in tracking and managing diabetes 
prevention, care, and outcomes. This document out-
lines indicators across 4 domains: health system deter-
minants, service delivery, risk factors, and outcomes/
impacts. The guidance helps countries align their 
monitoring efforts with WHO’s global diabetes targets, 
Global Diabetes Compact, and relevant global NCD 
targets. The guideline emphasizes the importance of 
collecting, analysing, and utilizing data to inform pol-
icy and resource allocation. Specific indicators meas-
ure aspects like access to essential medications, preva-
lence of key risk factors, and control of blood glucose 
and blood pressure. Each indicator includes detailed 
metadata, which outlines definitions, data sources, and 
methods of estimation, ensuring standardized data 
collection and reliable comparisons across countries. 
Through structured monitoring, the framework aids 
countries in evaluating their diabetes interventions, 
identifying gaps, and prioritizing resources. The guid-
ance encourages adaptation to national contexts, em-
phasizing the integration of innovative data collection 
methods and digital technologies to improve data qual-
ity and accessibility.
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In the originally published version of this manuscript, 
an error occurred in the reporting of the dosage of di-
sulfiram (DF) (Methods section, page 253). The cor-
rect sentence should read:

“All patients failed to achieve abstinence either with 
SO (101 patients) or DF (25 patients) alone, so they 
were treated with oral doses of SO (50-100 mg/kg of 
body weight, tid), and DF (200 mg daily) in combina-
tion for 12 weeks”

instead of:
“All patients failed to achieve abstinence either with 

SO (101 patients) or DF (25 patients) alone, so they 
were treated with oral doses of SO (50-100 mg/kg of 
body weight, tid), and DF (250 mg daily) in combina-
tion for 12 weeks.”

We apologize for this error and any confusion it may 
have caused.

Ann Ist Super Sanità 2025 | Vol. 61, No. 1: 93
DOI: 10.4415/ANN_25_01_13
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Erratum for: Efficacy of sodium oxybate 
plus disulfiram for the maintenance of 
alcohol abstinence in treatment-resistant 
patients with alcohol use disorder:  
a multicentre retrospective study
Fabio Caputo, Caterina Trevisan, Teo Vignoli, Angelo Giovanni Icro Maremmani,  
Franco Montesano, Gianfranco Carboni, Lisa Lungaro, Anna Costanzini, Giacomo Caio, 
Gianni Testino, Stefano Volpato and Roberto De Giorgio
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