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EditoriAl

Artificial intelligence in scholarly 
publishing: opportunities and concerns
Federica Napolitani1, Enrico Alleva2 and Annarita Barbaro3 

1Servizio Comunicazione Scientifica, Istituto Superiore di Sanità, Rome, Italy 

2Formerly Director, Centro di Riferimento per le Scienze Comportamentali e la Salute Mentale,  
Istituto Superiore di Sanità, Rome, Italy 

3Servizio Conoscenza, Istituto Superiore di Sanità, Rome, Italy

The all-changing artificial intelligence (AI) revolu-
tion is currently underway. The sooner we recognize it, 
the better. As in all revolutions driven by technological 
progress and innovations, it is necessary to thoroughly 
discuss and to understand all surging developments 
and to address them, as soon as possible, by setting out 
standards, guidelines and policies.

Presumably AI will fully impact the generations to 
come. They will be able to experience its potentially in-
finite applications and unparalleled opportunities and, 
at the same time, will have the means to evaluate the 
consequences of what we now consider its potential 
benefits and threats. However, it is without doubt that 
at present we are witnessing an exponential prolifera-
tion of AI applications, tools and services and that AI 
itself is at the centre of the debate, in the general pub-
lic and within the scientific and scholarly community. 
It is a hot topic which plays a growing role in different 
aspects of our society and is becoming relevant for all 
stakeholders in science communication: researchers, 
authors, editors, reviewers and publishers.

In scholarly publishing and in research practices, 
the potential impact of GPT models (Generative Pre-
trained Transformer) recently emerged in a substantial 
number of discussions, conferences, webinars, editori-
als which always ended up by involving a plethora of 
different ethical implications.

One of these models is ChatGPT which is an AI chat-
bot tool for content creation produced by OpenAI, a 
research and deployment company working on artifi-
cial general intelligence (AGI). Among its limitations, 
as reported by the same producer, it “sometimes writes 
plausible-sounding but incorrect or nonsensical an-
swers”. ChatGPT is, de facto, already used by research-
ers for different purposes like translating, editing, draft-
ing abstracts and for improving writing practices, and 
it potentially could be a valuable tool for ideation and 
writing while not being a source of original and reliable 
information. As recently reported, “ChatGPT and other 
LLMs (Large Language Models) produce text that is 

convincing, but often wrong, so their use can distort 
scientific facts and spread misinformation” [1].

Its misuse by authors is raising concerns among sci-
ence editors who are already busy in trying to main-
tain the quality standards and high levels of integrity 
throughout the whole publication process of their jour-
nals, in an environment blurred by predatory publishers 
and paper mill organizations, which are profit-oriented 
and responsible for an increased number of fraudulent 
and fake publications.

To meet these concerns and advocate for a safe, trans-
parent and sound use of AI tools in science communi-
cation, the International Committee of Medical Journal 
Editors (ICMJE) on May 2023 updated the Recommen-
dations for the Conduct, Reporting, Editing, and Publica-
tion of Scholarly Work in Medical Journals including a 
whole new section and a revision of other sections to 
provide guidance on how work conducted with the as-
sistance of AI technology (including ChatGPT) should 
and should not be acknowledged: “At submission, the 
journal should require authors to disclose whether they 
used artificial intelligence (AI)–assisted technologies 
(such as Large Language Models [LLMs], chatbots, or 
image creators) in the production of submitted work. 
Authors who use such technology should describe, in 
both the cover letter and the submitted work, how they 
used it. Chatbots (such as ChatGPT) should not be 
listed as authors because they cannot be responsible 
for the accuracy, integrity, and originality of the work, 
and these responsibilities are required for authorship 
(see Section II.A.1). Therefore, human beings are re-
sponsible for any submitted material that included the 
use of AI-assisted technologies. Authors should care-
fully review and edit the result because AI can generate 
authoritative-sounding output that can be incorrect, in-
complete, or biased. Authors should not list AI and AI-
assisted technologies as an author or co-author, nor cite 
AI as an author. Authors should be able to assert that 
there is no plagiarism in their paper, including in text 
and images produced by the AI. Humans must ensure 
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there is appropriate attribution of all quoted material, 
including full citations” [2].

The Committee on Publication Ethics (COPE) rec-
ognising the value of AI tools for ideation and writing, 
issued a position statement clarifying that authors can 
use the AI tools, so long as they are properly credited 
and attributed, being fully responsible for the con-
tent of their manuscripts: “The use of artificial intel-
ligence (AI) tools such as ChatGPT or Large Language 
Models in research publications is expanding rapidly. 
COPE joins organisations, such as WAME and the 
JAMA Network among others, to state that AI tools 
cannot be listed as an author of a paper (…) Authors 
who use AI tools in the writing of a manuscript, pro-
duction of images or graphical elements of the paper, 
or in the collection and analysis of data, must be trans-
parent in disclosing in the Materials and Methods (or 
similar section) of the paper how the AI tool was used 
and which tool was used. Authors are fully responsible 
for the content of their manuscript, even those parts 
produced by an AI tool, and are thus liable for any 
breach of publication ethics” [3]. COPE also started 
a discussion on March 2023 about AI and fake papers 
and ethical implications.

Many publishers have also inserted disclaimers or 
included specific guidelines for authors wishing to use 
AI in the production of articles or in the conduct of re-
search. Elsevier addresses the use of AI and AI-assisted 
writing technologies in scientific writing [4]; Taylor & 
Francis clarifies the responsible use of AI tools in aca-
demic content creation [5]; journals like JAMA specify 
that Authors should include in their paper a description 
of the content created or edited by AI and the name 
of the AI model or tool used, including producer, ver-
sion and extension numbers [6], and Springer Nature 
set down guidelines for its use [7]. The same European 
Commission posed some questions concerning the in-
tellectual property of the ChatGPT-generated content 
(Who owns it? Is it possible to use it without infringing 

someone’s copyright and so on) [8] and the European 
Union has prepared a general regulation on Artificial 
Intelligence, the EU AI Act, whose positions have been 
adopted by the MEPs on 14 June 2023 [9, 10] and 
which will continue to be discussed till approved in the 
final form of a law.

While AI is posing some threats, at the same time it 
might offer the way to overcome those same challenges, 
for instance to detect machine-created content or paper 
mill articles. It could also help in generating ideas, sug-
gesting innovative methods of studies, help in bioimage 
analysis [11], increasing equity and inclusion for people 
with disabilities who might use AI tools as assistive tech-
nologies or for alleviating linguistic disparities [12]. An 
Artificial Intelligence Review Assistant (AIRA) is in use 
at Frontiers, a major Open Access scholarly Publisher, 
in its digital peer-review platform, enabling faster, more 
efficient quality control and manuscript handling [13].

Will it be beneficial in support of the many activities 
involved in the scientific reporting and publication pro-
cess? Those who are already experimenting AI tools feel 
fascinated by its potential but, at the same time, rightly 
scared. What is clear is that nobody can stop this revo-
lution but can try to make it as beneficial as possible 
for everyone and to prevent its misuse. This is precisely 
what Annali ISS, the journal for public health published 
by the Italian National Institute of Health, will try to 
do in the near future (Authors’ Guidelines are being 
updated to cover the use of AI tools) in full compliance 
with the recommendations and best practices issued by 
international organizations to ensure quality standards, 
transparency and integrity in science reporting. We do 
not expect this to be our last change in policy on this 
topic and we welcome the opinions of our readers both 
at this stage and in the future.

Conflict of interest statement
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Abstract
Introduction. Sexually transmitted infections (STIs) represent a group of widespread 
infectious diseases. The objective of this study is to investigate the knowledge on HIV 
and STIs as well as sexual risk behaviours among blood donors in Italy.
Materials and methods. The study was carried out in 2017 among blood donors who ac-
cessed social media of the Italian Association of Blood Donors (Associazione Volontari 
Italiani del Sangue, AVIS), and answered to a questionnaire posted online.
Results. Participating blood donors were 9,021, median age 36 years (IQR 26-47), 53.9% 
males, 94.3% heterosexual, and 2.7% reported having a current occasional partner. Un-
protected sex in the last 4 months was reported by 54.1% of participants. About half of 
the participants were not informed of most STIs, 11.0% reported never having searched 
for information on HIV and STIs, one third considered unlikely acquiring HIV through 
unprotected sex with a known person, 21.3% would stop having sex with a partner found 
to be HIV-positive, and 15.8% would be afraid to hug or kiss a person with HIV.
Discussion. Our results show that most blood donors have a stable partner and search 
actively for information on HIV and STIs. However, there is a proportion of them who 
engage in high-risk behaviours, have misconceptions on HIV and STIs transmission, 
reporting a stigmatising attitude towards people with HIV.
Conclusion. A more comprehensive and updated information on various STIs, trans-
mission modes and safe sex should be provided to blood donors, not only to prevent the 
spread of these infections but also to avoid unjustified discrimination.

INTRODUCTION
Sexually transmitted infections (STIs) represent a 

group of highly spread infectious diseases, both in Italy 
and worldwide [1-4]. Their prevention is acknowledged 
to be a primary goal of the public healthcare system 
and it is crucial among blood donors in ensuring blood 
safety [5-7].

In Italy, about 2,000 new HIV diagnoses are reported 
each year and approximately 130,000 people are esti-
mated to be living with HIV; out of these, about 15,000 
are still undiagnosed [8-10].

The number of STIs cases showed a 42% increase be-
tween 2005 and 2019, according to data reported to the 
sentinel STIs surveillance system [11].

The spread of HIV and other STIs among blood do-

nors is constantly monitored by the Information System 
of Transfusion Services (Sistema Informativo dei Servizi 
Trasfusionali, SISTRA) [12].

In 2020, SISTRA data reported 1,420 blood donors 
who tested positive for at least one of the four man-
datory transfusion-transmissible infection markers. In 
2020, among regular blood donors about 1.9 out of 
100,000 blood donors tested positive for HIV, 12.6 for 
HBV, 1.0 for HCV and 9.3 for syphilis, whereas among 
first-time blood donors, 9 per 100,000 were positive for 
HIV, 109.8 for HBV, 45.5 for HCV and 96.2 for syphilis 
[12]. The number of blood donors positive to hepatitis 
B and C decreased in the last ten years whereas the 
number of blood donors positive to syphilis was stable, 
nevertheless prevalence of syphilis remains the highest 

Address for correspondence: Vincenza Regine, Dipartimento di Malattie Infettive, Istituto Superiore di Sanità, Viale Regina Elena 299, 00161 Rome, 
Italy. E-mail: vincenza.regine@iss.it.
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[13-15]. National data on mandatory notifiable syphilis 
show an increase in acute syphilis incidence since 2006 
[16]. The incidence of HIV-positive blood donors re-
mained stable in the last decade, differently from what 
observed in the national surveillance data that report a 
progressive decrease in the incidence of new diagnoses 
since 2012 [13-15]. However, a recent analysis showed 
that HIV rates observed among blood donors are only 
weakly associated with those observed in the general 
population [17]. This difference in HIV rates between 
blood donors and general population was compared in-
ternationally in a recent study. It is observed that Italy 
together with Spain have the highest HIV rates and au-
thors attributed these differences to the donor deferral 
criteria which are based on a policy of gender neutrality, 
i.e. in both countries there are not differences based 
on sexual orientation in deferral policy of donors [17]. 
In this framework, it is undeniable that there is not 
only one way to remain alert on blood donation safety: 
alongside the deferral criteria, the knowledge of HIV/
STIs at-risk behaviour and their prevention play a key 
role among blood donor population. An Italian study 
conducted among HIV-positive blood donors highlight-
ed that the main reason for not having reported a risky 
behaviour in the pre-donation selection was “not real-
izing having engaged in a behaviour at risk infection” 
[18]. Behaviours at risk for HIV infection among blood 
donors were evidenced also in other Italian studies [19].

In this context, it is plausible that a proportion of the 
blood donor population has a poor knowledge of HIV/
STIs sexual risk behaviour. The objective of this study is 
to investigate the knowledge on HIV and STIs as well 
as the frequency of sexual risk behaviours among blood 
donors in Italy.

MATERIALS AND METHODS
The study was carried out in 2017 by the Italian Na-

tional Institute of Health (Istituto Superiore di Sanità, 
ISS) and by the Italian Association of Blood donors (As-
sociazione Volontari Italiani del Sangue, AVIS) which is 
the largest Italian blood donor association, each year it 
contributes 70% of the national blood supply coming 
from blood donor associations, and the 37% of the na-
tional blood supply. The population was selected in the 
3,300 AVIS seats located throughout the country. Each 
seat contacted its associates informing them of the sur-
vey and inviting them to participate. The survey was 
also disseminated among AVIS social media users by 
posting the invitation every two weeks. The study ques-
tionnaire was posted on the national AVIS website from 
February 28 to April 2, 2017. The survey was anony-
mous, in particular the system to collect data used set 
in order to prevent possible identification of the IP from 
which participants accessed to the survey.

The questionnaire included an initial question for the 
selection of blood donors and collected information 
on the following 4 field: demographic variables, sexual 
behaviours, level of knowledge on sexually transmitted 
infections, opinions and stigma towards HIV-positive 
people. Each field included about 10 open-ended or 
closed-ended or Likert scale questions. The questions 
on sexual behaviours were formulated taking into ac-

count the deferral criteria adopted in Italy (4 months 
from the last STIs sexual risk behaviour) if donors did 
not engage in “high risk behaviours” for which there is 
permanent deferral. Knowledge questions also included 
the sources of information: never get informed, family/
friend comparison, in-depth internet searches, inquiries 
to doctors and specialists, scientific studies, participa-
tion in school/university/blood donor association train-
ing events. In this paper the answers were grouped into 
three modalities: No, never; Yes, a little, through inter-
net search; Yes, a lot, through scientific sources. 

The questions related to the opinions on STIs were 
formulated on a scale of 4 levels of agreement/prob-
ability (not at all, a little, enough, a lot), in this paper 
the answers were grouped into dichotomous variables 
(unlikely vs likely). The average time to complete ques-
tionnaire was approximately 15 minutes and 90% of the 
participants answered all the questions. Survey partici-
pants were 11,257 and of these 9,021 (80%) were blood 
donors. In this study, all the questionnaires filled in by 
people who declared to be a blood donor were included.

This work presents a description of HIV sexual risk 
behaviours among blood donors who participated in the 
survey. Specific differences for various subgroups have 
been evaluated using Chi-squared test: gender, age, 
geographical area, educational level, occupation, num-
ber of years from the first donation. In order to evaluate 
factors correlated to the never get informed on HIV and 
STIs, a multivariate logistic regression model was used. 
IBM SPSS v26 software was used for statistical analysis.

RESULTS
Population characteristics

This survey included 9,021 blood donors. Table 1 
describes demographic characteristics of participants, 
29.7% of the interviewed declared to have been blood 
donor for less than 3 years while 37.6% for more than 
10 years.

Sexual risk behaviours for HIV and other STIs 
Table 2 shows sexual behaviours at risk of HIV infec-

tion and other STIs. About 80% of the blood donors 
interviewed had a stable partner and 94.3% declared to 
be heterosexual. More than a half (54.1%) had had un-
protected sexual intercourse in the last 4 months, 96.5% 
of them were with a stable partner, 2.4% with an occa-
sional partner, 1.1% of blood donors gave no informa-
tion on partner status.

The main reason for not using of condom was both 
with stable and occasional partner the trust in their part-
ner: 58.5% of answers for stable partner and 53.5% of an-
swers for occasional partner. The use of drugs during sex 
was reported from 69 (0.8%) participants, 71.0% of them 
were blood donors less than 35 years old, 60.0% were 
males and 39.0% students (data not shown in the Table).

Knowledge on HIV and other STIs
Table 3 shows knowledge, opinions and false beliefs re-

garding HIV and STIs: 63.4% of blood donors declared 
to get informed a lot on HIV and STIs through scien-
tific sources (papers, specialist books and conferences), 
a quarter of blood donors declared to get informed a 
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little through internet search, while 11.0% declared to 
get never informed. The proportion of blood donors 
who inform themselves about HIV and STI changed 
by level of education. Higher proportion of people who 
inform themselves a lot from scientific sources were ob-
served at high levels of education compared to people 
less educated: 54.0% among blood donors with primary 
school, 61.8% among those with secondary school and 
69.1% among graduated blood donors (p-value <0.00). 
The multivariate regression logistic model showed that 
factors significantly correlated with never getting in-
formed on HIV and STIs were: having a job compared 
to students (OR 1.75 CI 95% 1.27-2.41), having a mid-
dle and high school diploma compared to a degree (OR 
1.74 CI 95% 1.39-2.18, OR 1.37 CI 95% 1.17-1.61, re-
spectively), being heterosexual compared to MSM (OR 
1.50 CI 95% 1.04-2.17), being male compared to fe-
male (OR 1.41 CI 95% 1.22-1.63), being aged between 
25 and 49 years (OR 1.43 CI 95% 1.06-1.93) and older 
than 50 years (OR 2.18 CI 95% 1.55-3.05) compared 
to those younger than 25 years. The STIs known were 
as follows: HIV (90.8%), syphilis (39.5%), hepatitis B 
and C (27.6%), gonorrhoea (23.8%), whereas the least 
known STIs was Trichomonas infection (3.8%).

Opinions and stigma on HIV and other STIs
About a quarter of blood donors declared that it is 

unlikely to get infected during oral sex; this propor-
tion was 30.4% among people over 50 years old and 
it is significantly higher (p-value <0.05) than in the 
lower age groups (22.0% among blood donors 25-49 
years; 25.4% among blood donors <25 years) (Figure 
1). About 17% found it unlikely to be infected via anal 
intercourse; these percentages are significantly (p-value 
<0.05) higher among blood donors aged less than 25 
years (20.3%) and among blood donors over the age 
of 50 years (21.1%) compared to the 25-49 age group 
(14.2%) (Figure 1).

The proportion of blood donors who believe it is un-
likely to get infected with an STI through either vaginal 

Table 1
Characteristics of 9,021 blood donors participating in the study, Italy, 
2017

N % 

Time elapsed 
from first blood 
donation

1-3 years 2,682 29.7

4-6 years 1,599 17.7

7-10 years 1,352 15.0

>10 years 3,388 37.6

Gender Male 4,864 53.9

Female 4,157 46.1

Median Age (IQRa) 36 (26-47)

Age group (years) <25 1,718 19.0

25-34 2,408 26.7

35-49 3,062 34.0

≥50 1,833 10.3

Nationality Italian 8,918 98.9

Non-Italian 103 1.1

Area of residence Northern Italy 5,895 65.3

Central Italy 1,614 17.9

Southern Italy and Islands 1,512 16.8

Education Primary school 967 10.7

Secondary school 5,095 56.5

Degree 2,959 32.8

Occupation Unemployed 803 8.9

Employed 5,140 57.0

Freelance 1,207 13.4

Student 1,541 17.1

Housewife/retired 330 3.6

aIQR = interquartile range.

Table 2
Sexual behaviour of 9,021 blood donors participating in the study, 
Italy, 2017

N %

Sexual orientation

Heterosexual 8,506 94.3

Homo-bisexual 515 5.7

Current partner

Stable (>6months) 7,101 78.7

Occasional 242 2.7

None 1,678 18.6

Condom use during sex in the last 4 months

No sexual intercourse 1,946 21.6

Sexual intercourse always with condom 2,191 24.3

Sexual intercourse without condom 4,884 54.1

Sex without condom with

Stable partner 4,711 96.5

Occasional partner 116 2.4

na 57 1.1

Reasons for not using condom (with a stable partner)a

I trust my partner 3,444 58.5

I do not want to use contraceptives 1,732 29.4

I am taking the contraceptive pill 527 8.9

Other reasons (not having handy condom, cost, 
allergy)

186 3.1

Reasons for not using condom (with an occasional partner)a

I trust my partner 77 53.5

I do not want to use contraceptives 33 22.9

I am taking the contraceptive pill 0 0.0

Other reasons (I do not have a condom, cost, 
allergy)

34 23.6

Use of drugs during sex

No 8,952 99.2

Yes 69 0.8

aMore than one answer allowed; na: not available.
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intercourse during menstruation, anal or oral sex, were 
significantly lower (p-value <0.05) in the 5,724 blood 
donors who declared to get informed on STIs through 
scientific sources (during menstruation 11.2%, anal 
13.4%, oral 20.3%) compared to blood donors who de-
clared to get informed a little on STIs or never (during 
menstruation 19.1%, anal 23.3%, oral 32.1%) (data not 
shown in Table). 

Blood donors who considered it unlikely to be in-
fected with HIV through unprotected sex with a per-
son already known were 34.2%, with a partner who has 
same-sex sex 12.6% and with a new partner 6.6%. These 
proportions were significantly (p-value <0.05) higher 
in males compared to females (Figure 2). The propor-
tion of blood donors who considered it unlikely to be 
infected with HIV through unprotected sex with a new 
partner was significantly (p-value <0.05) lower in blood 
donors with a university degree (5.1%) compared to 
blood donors with a secondary school degree (11.4%). 
Significantly differences were observed in the propor-
tion of blood donors who considered it unlikely to be in-
fected with HIV through unprotected sex with a person 
who has same-sex sex in particular among blood donors 
with a degree was 9.5% while among blood donors with 
secondary school was 19.0% (p-value <0.05) (data not 
shown).

Table 3 shows stigmatizing opinions towards people 
with HIV. Blood donors stating that they would stop 
having sex if they found out that their partner was HIV 
positive were 21.3%, there were significantly (p-value 
<0.05) differences between males and females (23.3% 
vs 20.2%) (data not shown). Donors who would be 
afraid to hug or kiss an HIV positive friend were 15.8%, 
there were significantly differences in males compared 
to females (18.4% vs 14.1%) and in donors aged 50 and 
more compared to those younger (20.2% vs 15.3%) 
(data not shown). Donors that would not feel comfort-
able sharing common spaces with HIV positive people 
was 11.3%, there were no significant differences in 
terms of age, gender, level of education and occupation 
(data not shown). 

DISCUSSION
The present study is the first large study that assessed 

knowledge, attitudes and opinions on HIV and other 
STIs among blood donors in Italy. Our survey shows 
that although a high percentage of blood donors de-
clared to get informed through scientific sources on 
HIV and STIs mostly using reliable sources, there is still 
a proportion of them who engage in high-risk behav-
iours, have misconceptions on STIs and HIV transmis-
sion and report a stigmatising attitude towards people 
with HIV.

Regarding behaviours at risk of infection, it should 
be noted that 2% of participants had unprotected sex 
with occasional partners in the last 4 months. Attention 
should be paid to this proportion because these blood 
donors do not fulfil the selection criteria of eligible blood 
donors, underpinning that the selection process might 
not be flawless, and hence endanger blood safety. Blood 
donors who had unprotected sex in the last 4 months 
with occasional partners declared that they did not use 

Table 3
Knowledge on HIV and sexually transmitted infections (STIs) among 
9,021 blood donors participating in the study, Italy, 2017

N %

Do you get informed on STIs?

Yes, a lot, through scientific sources 5,724 63.4

Yes, a little, through internet search 2,308 25.6

No, never 989 11.0

The STIs I know are (open answer, % of total respondents)

None 439 4.9

HIV/AIDS 8,187 90.8

Syphilis 3,566 39.5

Viral hepatitis (HBV, HCV) 2,486 27.6

Gonorrhoea 2,146 23.8

Genital herpes 1,515 16.8

Papilloma virus (HPV), ano-genital warts 1,052 11.7

Chlamydia, LGV 925 10.3

Other STIs (trichomonas, chancroid, etc.) 346 3.8

Can you acquire an STI through

Vaginal sex unlikely 364 4.0

very likely 8,657 96.0

Vaginal sex during menses unlikely 1,280 14.2

very likely 7,741 85.8

Anal sex unlikely 1,515 16.8

very likely 7,506 83.2

Oral sex unlikely 2,200 24.4

very likely 6,821 75.6

HIV can be acquired through unprotected sex with

Someone that you already 
known

unlikely 3,089 34.2

likely 5,932 65.8

A new partner unlikely 597 6.6

likely 8,424 93.4

A partner who has same-sex unlikely 1,133 12.6

likely 7,888 87.4

Opinions and stigma

Would you stop having sex if 
you find out that your partner 
is HIV+?

No 7,101 78.7

Yes 1,920 21.3

Are you afraid of hugging or 
kissing an HIV+ friend?

No 7,599 84.2

Yes 1,422 15.8

Would you share the room with 
an HIV+ person?

No 8,002 88.7

Yes 1,019 11.3

Would you ban HIV+ children 
from public schools?

No 8,492 94.1

Yes 529 5.9

Are you afraid of acquiring HIV 
in a public toilet?

No 7,713 85.5

Yes 1,308 14.5

Do you agree in recording the 
names of HIV+ people in a 
national registry that can be 
accessed only by NHS workers?

No 3,417 37.9

Yes 5,604 62.1
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condoms because of their trust in their partners or be-
cause they used other contraceptive methods, such as 
oral contraceptives. The latter result clearly shows that 
condom is mainly considered a contraceptive rather 
than a protection also against infections, evidencing a 
poor knowledge on protection against STIs. Our study 
shows that more than 60% of the respondents get in-
formed on STIs by consulting scientific sources. This 
result can be explained by the high awareness of blood 
donors who are motivated by the donation experience, 
and by the fact that our study sample was young and 
with a high education level. However, it should be 
noted that 11% of respondents reported never having 
looked for information on STIs. 

Our study shows that a quarter of participants rate 
as unlikely acquiring an STI through oral sex, and one 
sixth through anal sex or vaginal intercourse during 
menstruation, therefore uncovering a poor knowl-
edge on the risk of transmission modes. Specifically, 
unprotected anal sex implies the higher risk for HIV 
transmission [20-24]. Participants under 25 years and 
over 50 years of age showed the highest proportion of 
misleading information on STIs transmission. These 
results are important because the inadequate infor-
mation on HIV/STIs might lead to engaging in unpro-
tected sex [25-27]. Furthermore, our study shows that 
more than 90% of the respondents declared they knew 
HIV infection, while less than 40% knew other STIs. A 
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Figure 1
Proportion of blood donors who believe it unlikely to acquire an STI during sex (vaginal, vaginal with menstruation, anal, oral), by 
age group.
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recent study carried out in Germany confirms similar 
findings [28].

We observed the highest percentages of misconception 
on STIs transmission among blood donors over 50 years 
of age. An insufficient knowledge on HIV/STI trans-
mission is probably associated with the increasing HIV 
incidence trend among individuals older than 50 years 
reported both in Italy and in Europe in the last five years, 
as opposite to the decreasing trend observed in all other 
age groups [4, 8]. A systematic review showed that, com-
pared to individuals under 45 years of age, heterosexuals 
aged between 45 and 64 years have a higher risk of ac-
quiring an STI and among them, males have a higher risk 
of infection because of a lower condom use [29].

One fifth of respondents would stop having sex, even 
protected sex, if they would find out their partner as be-
ing HIV-positive, and one third would have unprotected 
sex with a partner if known. These results suggest that 
the risk of acquiring HIV/STIs is generally associated 
with a judgemental attitude towards “categories” of in-
dividuals (e.g., infected, friend, at risk, known person, 
trustful, etc.) rather than to at-risk sexual behaviour. 

Stigmatizing beliefs emerged from a proportion of 
participants that stated being afraid of hugging or kiss-
ing an HIV-positive friend, or sharing a room with an 
HIV-positive person. Similar beliefs and stigmatising 
behaviours are still widespread in several countries. 
A study conducted in Spain showed that 50% of the 
population would feel uncomfortable having social re-
lationships with HIV-positive people, although this 
percentage has decreased over time due to a number 
of information campaigns on the transmission mode of 
HIV infection [30, 31].

The added value of the study is having used Internet 
and the website of the largest Italian blood donor as-
sociation to post the study questionnaire [32]. These 
options allowed to reach quickly and without costs a 
large number of blood donors all over the country. In 
addition, our sample is representative of the Italian 
population aged 18-65 years in terms of gender distri-

bution, educational level and employment status. How-
ever, a selection bias towards a higher participation of 
individuals more sensitive to STIs prevention is to be 
considered [13, 33, 34].

CONCLUSION
Our findings stress the need to improve prevention 

policies and to increase awareness-raising campaigns on 
HIV/STIs transmission modes and the adoption of safe 
sexual behaviours among blood donors. Health staff 
operating in blood transfusion services have the oppor-
tunity to provide more in-depth information on HIV/
STIs during the pre-screening procedures. Prevention 
initiatives using social media such as AVIS associative 
websites, newsletters and social webpages are extremely 
effective and should be incremented to facilitate the dis-
semination of correct health information and to achieve 
the highest quality standards in blood donations.

Authors’ contributions
VR and LP contributed equally to this work as first 

Author. BS and VS are responsible for study concep-
tion. VR, LP, AS, FM, VS and BS designed the study. 
GB and VS are responsible for study funding. AS is 
responsible for data acquisition. AS and FM collected 
the data. VR and LP analysed the data. VR, LP and BS 
interpreted the data. VR and LP wrote and submitted 
the manuscript. BS commented on and reviewed the 
manuscript. All Authors have read and approved the 
final manuscript.

Funding
The study was funded by the Italian Association of 

Blood Donors, Milan, Italy.

Conflict of interest statement
The Authors declare no conflict of interests.

Received on 1 March 2023.
Accepted on 17 May 2023.

REFERENCES

1. World Health Organization. Sexually Transmitted In-
fections (STIs). Geneva: WHO; 2019. Available from: 
https://www.who.int/en/news-room/fact-sheets/detail/
sexually-transmitted-infections-(stis).

2. World Health Organization. Global health sector strategy 
on sexually transmitted infections, 2016-2021. Geneva: 
WHO; 2016. Available from: https://apps.who.int/iris/
bitstream/handle/10665/246296/WHO-RHR-16.09-eng.
pdf?sequence=1.

3. Joint United Nations Programme on HIV/AIDS 2020. 
Global HIV & AIDS statistics. 2020 fact sheet. Geneva: 
UNAIDS; 2020. Available from: https://www.unaids.org/
sites/default/files/media_asset/UNAIDS_FactSheet_en.pdf.

4. European Centre for Disease Prevention and Control/
WHO Regional Office for Europe. HIV/AIDS surveil-
lance in Europe 2020-2019 data. Copenhagen: WHO 
Regional Office for Europe; 2020. Available from: https://
www.ecdc.europa.eu/en/publications-data/hivaids-sur-
veillance-europe-2020-2019-data.

5. European Centre for Disease Prevention and Control. 
Long-term surveillance strategy 2014-2020. Stockholm: 
ECDC; 2013. Available from: https://www.ecdc.europa.
eu/en/publications-data/long-term-surveillance-strategy-
2014-2020-revised.

6. Ministero della Salute. Piano nazionale di interventi 
contro HIV e AIDS (PNAIDS). Rome: Ministero della 
Salute; 2017. Available from: http://www.salute.gov.it/
imgs/C_17_pubblicazioni_2655_allegato.pdf.

7. Ministero della Salute. Piano Nazionale della Preven-
zione 2020-2025. Rome: Ministero della Salute; 2020. 
Available from: http://www.salute.gov.it/portale/news/
p3_2_1_1_1.jsp?lingua=italiano&menu=notizie&p=dalm
inistero&id=5029-.

8. Regine V, Pugliese L, Boros S, et al. Aggiornamento 
delle nuove diagnosi di infezione da HIV e dei casi di 
AIDS in Italia al 31 dicembre 2020. Not Ist Super Sanità. 
2021;34(11).

9. Mammone A, Pezzotti P, Regine V, et al. How many people 

https://www.unaids.org/en/resources/fact-sheet
https://www.unaids.org/en/resources/fact-sheet


Vincenza Regine, Lucia Pugliese, Alice Simonetti et al.

O
r

ig
in

a
l
 a

r
t

ic
l

e
s
 a

n
d

 r
e

v
ie

w
s

186

are living with undiagnosed HIV infection? An estimate for 
Italy, based on surveillance data. AIDS. 2016;30(7):1131-
6. doi: 10.1097/QAD.0000000000001034 

10. Regine V, Dorrucci M, Pezzotti P, et al. People living 
with undiagnosed HIV infection and a low CD4 count: 
estimates from surveillance data, Italy, 2012 to 2014. 
Euro Surveill. 2018;23(15). doi: 10.2807/1560-7917.
ES.2018.23.15.17-00240

11. Salfa MC, Ferri M, Suligoi B. Le Infezioni Sessualmente 
Trasmesse: aggiornamento dei dati dei due sistemi di sor-
veglianza sentinella attivi in Italia al 31 dicembre 2019. 
Not Ist Super Sanità. 2021;34(7-8).

12. Catalano L, Piccinini V, Pati I, et al. Italian Blood System 
2020: activity data, haemovigilance and epidemiological 
surveillance. Roma: Istituto Superiore di Sanità; 2021. 
(Rapporti ISTISAN 21/14).

13. Velati C, Romanò L, Pati I, et al. Studio di monitorag-
gio del rischio residuo di trasmissione trasfusionale delle 
infezioni da virus dell’immunodeficienza umana e virus 
dell’epatite B e C (Italia, 2009-2018). Roma: Istituto Su-
periore di Sanità; 2019. (Rapporti ISTISAN 19/26).

14. Velati C, Romanò L, Piccinini V, et al. Prevalence, inci-
dence and residual risk of transfusion-transmitted hepa-
titis C virus and human immunodeficiency virus after the 
implementation of nucleic acid testing in Italy: a 7-year 
(2009-2015) survey. Blood Transfus. 2018;16:422-32. 
doi: 10.2450/2018.0069-18

15. Velati C, Romanò L, Pati I, et al. Prevalence, incidence 
and residual risk of transfusion-transmitted hepatitis B vi-
rus infection in Italy from 2009 to 2018. Blood Transfus. 
2019;17:409-17. doi: 10.2450/2019.0245-19

16. European Centre for Disease Prevention and Control. 
Surveillance atlas of infectious diseases. Stockholm: 
ECDC; 2023. Available from: https://www.ecdc.europa.
eu/en/surveillance-atlas-infectious-diseases.

17. Germain M, Grégoire Y, Custer BS, et al. An international 
comparison of HIV prevalence and incidence in blood do-
nors and general population: a BEST Collaborative study. 
Vox Sang. 2021;116(10):1084-93. doi: 10.1111/vox.13107

18. Raimondo M, Facco G, Regine V, et al. HIV-positive 
blood donors unaware of their sexual at-risk behaviours 
before donation in Italy. Vox Sang. 2016;110(2):134-42. 
doi: 10.1111/vox.12328

19. Regine V, Raimondo M, Camoni L, et al. Low perception 
of sexual behaviours at risk for human immunodeficiency 
virus infection among blood donors who call the AIDS/
STI Help Line in Italy. Blood Transfus. 2013;11(4):575-9. 
doi: 10.2450/2013.0257-12

20. Schöfer H. Sexuellübertragbare Infektionen der Mund-
höhle [Sexually transmitted infections of the oral cav-
ity]. Hautarzt. 2012;63(9):710-5. German. doi: 10.1007/
s00105-012-2352-9

21. Ballini A, Cantore S, Fatone L, et al. Transmission of 
non-viral sexually transmitted infections and oral sex. 
J Sex Med. 2012;9(2):372-84. doi: 10.1111/j.1743-
6109.2011.02515.x

22. Patel P, Borkowf CB, Brooks JT, et al. Estimat-

ing per-act HIV transmission risk: a systematic re-
view. AIDS. 2014;28(10):1509-19. doi: 10.1097/
QAD.0000000000000298

23. Nagelkerke N, Seedat S, Raddad A, et al. Sexual behav-
iour surveys should ask more: covering the diversity of 
sexual behaviours that may contribute to the transmis-
sion of pathogens. Sex Transm Dis. 2021;48(9):e119-
e121. doi: 10.1097/OLQ.0000000000001347

24. Habel MA, Leichliter JS, Dittus PJ, et al. Heterosexual 
anal and oral sex in adolescents and adults in the United 
States, 2011-2015. Sex Transm Dis. 2018;45(12):775-82. 
doi: 10.1097/OLQ.0000000000000889

25. Mazzitelli M, Caridà G, Scigliano C, et al. Knowledge of 
HIV infection and transmission: a knowledge, attitudes, 
beliefs and practices (KABP) survey among a sample of 
students at the “Magna Graecia”, University of Catanza-
ro. Ann Ist Super Sanità. 2016;52(4):530-5. doi: 10.4415/
ANN_16_04_12

26. Copen CE. Condom use during sexual intercourse 
among women and men aged 15-44 in the United States: 
2011-2015 National Survey of Family Growth. National 
health statistics reports n. 105. Hyattsville, MD: National 
Center for Health Statistics; 2017. Available from https://
www.cdc.gov/nchs/data/nhsr/nhsr105.pdf.

27. Goldstein RL, Upadhyay UD, Raine TR. With pills, 
patches, rings and shots: Who still uses condoms? A lon-
gitudinal cohort study. J AdolescHealth. 2013;52(1):77-
82. doi: 10.1016/j.jadohealth.2012.08.001

28. Skaletz-Rorowski A, Potthoff A, Nambiar S, et al. Age 
specific evaluation of sexual behaviour, STI knowledge 
and infection among asymptomatic adolescents and 
young adults. J Infect Public Health. 2020;13(8):1112-7. 
doi: 10.1016/j.jiph.2020.04.005

29. Monsell E, McLuskey J. Factors influencing STI transmis-
sion in middle-aged heterosexual individuals. Br J Nurs. 
2016;25(12):676-80. doi: 10.12968/bjon.2016.25.12.676

30. Fuster MJ, Molero F, de Montes LG, et al. HIV- and 
AIDS-related stigma: psychosocial aspects in a represen-
tative Spanish sample. Span J Psychol. 2013;16:E30. doi: 
10.1017/sjp.2013.52

31. Fuster-Ruizde Apodaca MJ, Molero F, Gil de Montes L, 
et al; Spanish Group for the Study of HIV-Related Stig-
ma. Evolution of HIV-related stigma in Spain between 
2008 and 2012. AIDS Care. 2014;26(Suppl. 1):S41-5. 
doi: 10.1080/09540121.2014.906557

32. Chiasson MA, Hirshfield S, Rietmeijer C. HIV pre-
vention and care in the digital age. J Acquir Immune 
DeficSyndr. 2010;55(Suppl. 2):S94-7. doi: 10.1097/
QAI.0b013e3181fcb878

33. Istituto Nazionale di Statistica. Censimento della popo-
lazione e delle abitazioni: l’istruzione. Anno 2019. ISTAT; 
15 dicembre 2020. Available from: https://www.istat.it/it/
archivio/251658.

34. Istituto Nazionale di Statistica. Istruzione e formazione. 
Annuario Statistico Italiano 2020. Rome: ISTAT; 2020. 
Available from: https://www.istat.it/it/files//2020/12/C07.
pdf.

https://www.cdc.gov/nchs/data/nhsr/nhsr105.pdf
https://www.cdc.gov/nchs/data/nhsr/nhsr105.pdf


O
r

ig
in

a
l
 a

r
t

ic
l

e
s
 a

n
d

 r
e

v
ie

w
s

187

Key words
• fluoro-edenite fibre
•  fluoro-edenite related 

diseases
• environmental exposure
• health impact

Fluoro-edenite non-neoplastic diseases 
in Biancavilla (Sicily, Italy): pleural 
plaques and/or pneumoconiosis?
Caterina Bruno1*, Rosario Di Stefano2, Vincenzo Ricceri3, Mauro La Rosa3,  
Achille Cernigliaro4, Paolo Ciranni5, Giuseppe Di Maria6, Daniele Mandrioli7,  
Amerigo Zona1, Pietro Comba1* and Salvatore Scondotto5

1Dipartimento Ambiente e Salute, Istituto Superiore di Sanità, Rome, Italy 
2Azienda Provinciale Sanitaria, Catania, Italy 
3Divisione di Radiologia, Ospedale Maria Santissima Addolorata di Biancavilla, Azienda Provinciale 
Sanitaria, Catania, Italy 
4Unità Operativa Complessa di Patologia Clinica, Dipartimento di Scienze Radiologiche e Servizi, Ospedale 
Sant’Antonio Abate, Azienda Sanitaria Provinciale, Trapani, Italy 
5Dipartimento per le Attività Sanitarie e Osservatorio Epidemiologico, Assessorato della Salute, Regione 
Siciliana, Palermo, Italy 
6Dipartimento di Medicina Interna, Università di Catania, Catania, Italy 
7Istituto Ramazzini, Bologna, Italy 
*retired

Ann Ist Super Sanità 2023 | Vol. 59, No. 3: 187-193
DOI: 10.4415/ANN_23_03_03

Abstract
Background. A mesothelioma cluster in Biancavilla (Sicily, Italy), drew attention to fluo-
ro-edenite, a fibre classified by International Agency for Research on Cancer as carcino-
genic to humans. Significant excesses in mortality and morbidity were observed for respi-
ratory diseases and a significant excess of pneumoconiosis hospitalizations was reported.  
Objective. Aim of this study is to assess the characters of the lung damage in Biancavilla 
residents hospitalized with pneumoconiosis or asbestosis diagnoses. 
Methodology. Medical records, available radiographs and computed tomography scans 
were collected. The obtained imaging was reviewed by a panel of three specialists and 
focused on pleural and parenchymal abnormalities. Cases with an ILO-BIT or ICOERD 
score equal or greater than 2 were considered positive for a pneumoconiosis-like dam-
age, cases with a score lower than 2 or insufficient quality of imaging were considered 
inconclusive. If no pneumoconiotic aspects were present the cases were classified as 
negative. 
Results. Out of 38 cases, diagnostic imaging for 25 cases were found. Ten cases out of 25 
showed asbestosis-like features, nine subjects were considered negative. In six patients’ 
results were inconclusive. 
Conclusions. Asbestosis-like features were substantiated in Biancavilla residents with-
out known occupational exposure to asbestos. Further studies to estimate population 
respiratory health are required. Experimental studies on the fibrogenic potential of flu-
oro-edenite are needed.

INTRODUCTION
A cluster of deaths from pleural malignant tumour 

was reported in Biancavilla (Sicily, Italy), 23,052 in-
habitants, a municipality similar to the others scat-
tered at the slopes of Etna Volcano with large areas 
occupied by orange and lemon trees [1, 2]. No in-
dustrial facilities are present, with the exception of a 
huge quarry were rocks containing a material similar 

to tuff was operating for several decades. This mate-
rial was largely used in the local building industry and 
for road paving. No particular occupational exposures 
(direct or indirect) to asbestos have been reported 
either in Biancavilla or in the other Etnean munici-
palities. More specifically, no ascertained occupational 
exposure to asbestos was detected among the cases of 
mesothelioma interviewed by the investigators of the 
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Sicilian Mesothelioma Register in their permanent on-
going routine survey.

The researchers’ attention thus focused on a quarry 
material containing a previously unknown amphibole, 
identified as fluoro-edenite [3] and considered it to be 
related to the disease [4]. Experimental studies in vivo 
and in vitro [5-7] confirmed the fibre be able to induce 
mesotheliomas. The International Agency for Research 
on Cancer (IARC), on the basis of the mesothelioma 
incidence data in Biancavilla [8] and the aforemen-
tioned experimental data, classified fluoro-edenite as 
carcinogenic to humans (Group 1, sufficient evidence 
of carcinogenicity in humans) [9].

Epidemiological studies on the resident population 
carried out in order to detect the other diseases possibly 
related with exposure to the fluoro-edenite fibres [10] 
found out an excess of mortality from chronic obstruc-
tive pulmonary diseases.

Statistically significant excesses in mortality and mor-
bidity were observed for respiratory diseases both in 
men and women [11], and a significant excess of hospi-
talization due to pneumoconiosis was reported [12-14].

Pleural plaques and lung parenchymal lesions were 
detected in 43 construction workers, all men, ex-
posed to fluoro-edenite in Biancavilla. Pleural bilateral 
plaques were detected in 39 subjects out of 43, fibrosis 
was present in seven workers and a restrictive ventila-
tory defect in two subjects [15].

A retrospective cross-sectional study in inhabitants of 
Biancavilla exposed to fluoro-edenite, compared with a 
population living and working at least 30 km away from 
Biancavilla was performed, to assess the occurrence 
and the prevalence of pleural plaques. High-Resolution 
Computed Tomography (HRCT) chest scans carried 
out in Biancavilla municipality hospital site (exposed 
subjects) were compared with HRCT chest scans car-
ried out in a hospital 30 km away from Biancavilla. The 
relative risk (RR) for pleural plaques in the “exposed” 
population was 6.74 CI 95% (4.47-9.58). Lung paren-
chymal abnormalities were observed in 11% of exposed 
group (fibrosis = 8%) vs 1% in the unexposed subjects 
(fibrosis = 0.5%) [16].

The aim of the present study was to assess the dis-
tinguishing characters of pleural and/or parenchymal 
damage, in resident in Biancavilla subjects, hospital-
ized and diagnosed with “pneumoconioses” in any part 
of the hospital discharge form, since pneumoconiotic 
diseases are unexpected in non-occupationally exposed 
populations.

MATERIALS AND METHODS
The present study comprises the series of residents 

in Biancavilla hospitalized since January 2006 to De-
cember 2013 in the Sicilian Region and diagnosed with 
“pneumoconioses or other lung diseases due to external 
agents” (500-508 codes, 9th revision of International 
Statistical Classification of Diseases, ICD) in any part 
of the hospital discharge form.

Medical records were searched for, and the available 
radiographs and Computed Tomography (CT) scans 
were collected. If available, additional personal infor-
mation on patients was collected through family doc-

tors. Unfortunately, lung function tests were not avail-
able for a revision because of technical issues (faded 
thermal paper).

The obtained imaging was reviewed by a panel of 
three specialists (two skilled radiologists and one epide-
miologist and occupational physician) and focused on 
pleural and parenchymal abnormalities. The panel was 
unaware of diagnoses reported in the personal records.

The International Labour Office-Bureau Internation-
al du Travail (ILO-BIT) [17] criteria for the radiographs 
and the International Classification of HRCT for Oc-
cupational and Environmental Respiratory Diseases 
(ICOERD) [18] for CT scans were utilized.

We classified the results in a semi-quantitative ap-
proach considering positive for a parenchymal pneumo-
coniosis-like damage cases with an ILO-BIT or ICO-
ERD score equal or greater than 2. Cases with score 
lower than 2 or with insufficient quality of imaging were 
classified as “doubtful cases”. If no pneumoconiotic 
aspects were present or no parenchymal damage was 
found, the cases were classified as negative.

The study was performed in accordance with the 
Declaration of Helsinki of the World Medical Associa-
tion [19] and the name and all birth/personal data were 
anonymised and each subject had a code assignment.

RESULTS
Thirty-eight patients were hospitalized in the ob-

served period. One infant with aspiration pneumonia 
was excluded from the case series. Out of the 37 re-
maining patients, medical charts were recovered for 34 
subjects (21 men and 13 women), aged between 42 to 
88 (Figure 1).

The main cause of hospitalization was related to re-
spiratory diseases in 26 patients, one being affected 
by mesothelioma, 12 recovered for asbestosis, one for 
silicosis, and two for unspecified pneumoconioses. One 
patient was hospitalized for ICD code 506 (respiratory 
conditions due to chemical fumes and vapours) and two 
of them for ICD code 507 (pneumonitis due to solids 
and liquids). Including the secondary diagnoses, asbes-
tosis was reported in a total of 25 cases, pneumoconio-
sis due to silica and other silicates (silicosis) in three 
cases, and unspecified pneumoconiosis in two cases. 
Other main causes related to respiratory disease were 
pleuritis (one case), acute respiratory failure (three 
cases), and other respiratory abnormalities (two cases).

In 12 cases (6 men and 6 women) no diagnostic im-
aging were obtained, average age was 73.8 in men and 
68.7 in women. Little information was found on previ-
ous occupations in two men (a quarryman and a house 
painter) in this group.

Diagnostic imaging to be examined by the panel were 
available for 25 cases (19 men and 6 women). Chest Rx 
were found for 10 subjects and CT scans for 19 patients 
(all but four have been subjected to both examinations).

In all subjects, pleural plaques were found, most of 
them (22 out 25) were calcified. All available images 
pointed to a diagnosis of asbestosis-like disease with 
diffuse and bilateral pleural plaques, very rare in silico-
sis. Subjects included in the study with a diagnosis of 
“aspiration pneumonia” also presented pleural plaques.

https://en.wikipedia.org/wiki/ICD
https://en.wikipedia.org/wiki/ICD
https://context.reverso.net/traduzione/inglese-italiano/data
https://context.reverso.net/traduzione/inglese-italiano/anonymise
https://en.wikipedia.org/wiki/Respiratory_conditions
https://en.wikipedia.org/wiki/Respiratory_conditions
https://en.wikipedia.org/wiki/Chemical_hazard
http://www.icd9data.com/getICD9Code.ashx?icd9=507
https://en.wikipedia.org/wiki/Pneumonitis
https://en.wikipedia.org/wiki/Acute_(medicine)
https://en.wikipedia.org/wiki/Respiratory_failure
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Ten cases out of 25 showed asbestosis-like parenchy-
mal features, nine subjects presenting lung alterations 
not related to pneumoconiosis or not presenting paren-
chymal damage were considered negative for imaging 
results. In further six patients imaging results were in-
conclusive because of insufficient quality or character-
istics of imaging (Table 1).

In Table 2 cases with parenchymal features sugges-
tive for asbestosis-like pneumoconiosis with ICOER 
or ILO-BIT score equal or greater than were itemized. 
Average age was 63.1 (66.1 in men and 50 in women).

The negative cases were six men and three women: 
in four people no parenchymal damage was found (two 
men and two women); one man and one woman pre-
sented a CT suggesting old tuberculosis scar; two men 
were affected by mild emphysema and one man pre-
sented increased broncho-vascular markings and hy-
perlucency of lung middle zones. Average age was 57.6 
(55.2 in men and 62.3 in women) (Table 3).

Cases presenting some features of pneumoconiotic 
damages but imaging characteristics insufficient for a 
definition of asbestosis-like pneumoconiosis were item-
ized in Table 4. Average age was 66.3 (64.4 in men).

DISCUSSION
In asbestos exposed workers the occurrence of asbes-

tosis is related to an intense exposure (at least 25/fi-
bres/mL/year) [20] with very few case studies reporting 
parenchymal fibrosis of the lung due to environmental 
exposure to asbestos [21, 22].

In Italy hospital discharge records are classified ac-
cording to the International Statistical Classification of 
Diseases, 9th revision [23] and pleural plaques were not 
included as an item like in the 10th revision [24].

It is for that reason that we considered the possibility 
that pneumoconioses and asbestosis codes were utilised 
to encode merely pleural plaques or other pleural altera-
tions commonly found in population environmentally 
exposed to asbestos [25-27] or other natural fibres [21, 
22, 28]. Furthermore, we did not exclude other diseases, 
e.g., “inhalation pneumonia”, that could be misclassified 
in other similar codes. For these reasons we decide to in-
clude in the analysis all the residents in Biancavilla, hos-
pitalized in Sicily diagnosed with any disease included in 
“pneumoconioses or other lung diseases due to external 
agents” in any part of the hospital discharge form.

The Sicilian protocol about surveillance on asbestos 
exposed and former exposed subjects [29] provides 
chest radiographs as first level diagnostic exams, in ac-
cordance with the procedures of the ILO-BIT for the 
pneumoconiosis established by an international team 
[17] and updated by the Helsinki criteria update in 
2014 [18]. Most of our recovered cases had undergone 
further medical examinations and were submitted to 
CT scan of the chest.

Chest radiographs were available in few cases, but 
with sufficient technical quality, except one case having 
only the postero-anterior projection, not sufficient for 
the ILO-BIT criteria for a pneumoconiosis diagnosis.

In our study most of CT scans presented a sufficient 
quality for the ICOERD criteria for imaging reading 
for pneumoconiosis. Reliability of the ICOERD pro-
posed international classification of HRCT for occupa-
tional and environmental respiratory diseases had been 
tested, and evaluation of CT scans intra reader concor-
dance had been investigated [30, 31]. Concordance be-
tween ILO-BIT criteria readings of radiographs and the 
results of CT scan readings by ICOERD criteria had 
been investigated [31, 32].

The goal of the present investigation was to evaluate if 
features of the imaging were coherent with a pneumo-

Hospital Discharge Regional Database

38 patients 
with “Pneumoconioses or other 

lung disease due to external agents” in any 
part of hospital discharge form 

(ICD IX Rev 500-508)

37 patients
Search for medical charts in 10 hospitals 

and pneumological departments

34 patients 
with medical charts

 

25 patients 
eligible for review of the available imaging

 

Results

1 subject excluded
(aspiration 

pneumonia in child)

Medical charts
unavailable 

for 3 patients

Imaging not available
 for review 

in 12 patients

Figure 1
Selection of cases eligible for imaging review, flow chart.

Table 1
Patients with available diagnostic imaging, period of observation 2006-2013

Patients n Monolateral 
pleural plaques

Bilateral 
pleural plaques

Asbestosis-like 
parenchymal features

Negative 
imaging results

Uncertain or complex 
parenchymal features

Men 19 2 17 8 6 5

Women 6 2 4 2 3 1

All 25 4 21 10 9 6
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coniosis similar to asbestosis, so we were interested in a 
qualitative evaluation following the ILO-BIT and ICO-
ERD criteria and we categorised the results of the panel 
reading in a simplified classification (pneumoconiotic 
features, not pneumoconiotic features and uncertain 
damages).

Our results underline that all the subjects reviewed, 
presented pleural plaques and this could be the main 
reason because code 501 (asbestosis) or 505 (pneumo-
coniosis) of 9th revision of ICD were utilized. However, 
ten subjects out of 25 showed imaging features similar to 
the asbestosis ones and in further six people presented 
insufficient but suggestive parenchymal abnormalities.

This appears to indicate that fluoro-edenite fibres in-
halation can cause a pneumoconiotic disease similar to 
asbestosis.

Environmental exposures to asbestos and asbesti-
form fibres are, in general, considered not sufficient to 
cause pneumoconiosis even though several studies [27, 
33-36] have reported the occurrence of lung fibrosis or 
pneumoconiosis in environmental contexts.

Occupational exposure to fibres in some cases might 
have been relevant, e.g., those related to earthmoving 
jobs in construction sites and in farming [37, 38]. In 
other cases (e.g., civil servants and housewives) envi-
ronmental exposure circumstances should be hypoth-
esized. Some similar-asbestosic patterns, furthermore, 
were observed in female patients in the total absence of 
conventional asbestos exposures.

The points of strength have already been introduced: 
a multidisciplinary study group, encompassing clini-
cians, epidemiologists, and public health professionals,  

Table 2
Patients with asbestosis-like parenchymal findings, period of observation 2006-2013

Patient ID Age Rx CT scan Parenchymal features Other information of interest

Men  

3 80 X X Bilateral ground glass opacities

6 73 X X Bilateral ground glass opacities; large opacities Farmer

11 74 X Bilateral ground glass opacities; honeycombing Former farmer

14 76 X Bilateral small opacities; profusion 2 Farmer 

17 62 X Linear bilateral interlobular opacities Office worker

24 61 X X Left lung atelectasis parenchimal inhomogeneus  attenuation 
with both irregular and rounded small opacities. Fibrotic bands 
in lower lung zones. A large opacity in the left lung. Vicarious 
emphysema of right lung and mediastinal shift

Retired post office employee. 
Heavy smoker. Hospitalized for 
aspiration pneumonia 

26 55 X Fibrotic bands in lower lung zones. Large opacity of the left 
lung. Emphysema of right lung

Farmer  

32 50 X X Interlobular bilateral linear opacities; parenchimal 
inhomogeneus attenuation; bilateral ground glass opacities of 
lower lung zones

House painter

Women  

30 53 X Bilateral ground glass opacities

34 47 X Bilateral ground glass opacities  

Table 3
Patients without asbestosis-like parenchymal findings, period of observation 2006-2013

Patient 
ID

Age Rx CT 
scan

Parenchymal features Monolateral 
pleural plaques

Bilateral pleural 
plaques

Pleural 
calcifications

Men

18 64 X Mild emphysema  X

19 66 X CT suggesting old healed tuberculosis  X X

23 61 X No parenchymal damage X X

25 55 X Mild emphysema  X X

33 42 X Increased broncho-vascular markings and 
hyperlucency of lung middle zones

X X

37 43 X No parenchymal damage X

Women

16 69 X No parenchymal damage X X

20 65 X X CT suggesting old healed tuberculosis  X X

29 53 X No parenchymal damage X X
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has had the opportunity to exhaustively explore the 
case-series of Biancavilla patients affected by pleural 
plaques and pulmonary fibrosis, isolating a group of 
them characterized by environmental exposure to fluo-
ro-edenite in the absence of asbestos exposure.

This observation supports the notion of fluoro-ede-
nite’s fibrogenicity for residents in the area at study.

Three main limitations require to be mentioned as 
well. The study, for feasibility aspects, could not include 
a proper reference population, the information on en-
vironmental and occupational (or para-occupational) 
exposure to fluoro-edenite or other risk factors and 
confounding factors was unavoidably heterogeneous, 
and the low number of study subjects determined an 
overall low statistical power of the study. Notwith-
standing these limitations, though, the study detected 
in Biancavilla a cluster of cases of a lung fibrosis simi-
lar to asbestosis, in addition to several cases of pleural 
plaques.

Fluoro-edenite capacity to induce fibrosis or pneu-
moconiosis was not specifically investigated and these 
results suggest the need of in vivo and in vitro experi-
mental studies.

Regarding public health issues, further efforts are 
required to investigate respiratory conditions in Bian-
cavilla residents through systematic prospective studies 
and examining in depth individual ways of exposure.

Even if recognizing the need for a continuing pro-
cess of health surveillance and epidemiological moni-
toring in Biancavilla, the study findings can since now 
actively contribute to priority setting in environmen-
tal remediation, as extensively discussed in the WHO 
report “Urban redevelopment in contaminated sites” 

[39] that includes a case study on Biancavilla, an area 
recognized since 2001 as National Priority Contami-
nated Site. The major effort supported by both Na-
tional and Sicilian Regional Governments in order to 
reduce airborne fibre level is justified in light of both 
the well-recognized mesothelioma risk in this commu-
nity and the emerging risk of environmental fibrosis 
and pneumoconiosis. The promotion of experimental, 
clinical, and epidemiological studies, together with 
the advancement of environmental clean-up, will also 
contribute to the most needed development of envi-
ronmental health literacy and consequent resilience in 
the community.

CONCLUSIONS
In our clinical records, in addition to bilateral calci-

fied pleural plaques, asbestosis-like parenchymal fea-
tures were observed in patients’ residents in Biancavil-
la town and without known occupational exposure to 
asbestos. These findings underline the requirement of 
further studies on the resident population to estimate 
their respiratory health, identify possibility of pneumo-
coniosis cases and the prevalence of pleural plaques 
and parenchymal impairment. The fibrogenic potential 
of fluoro-edenite fibres have to be tested by specific ex-
perimental studies.
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Abstract
Introduction. We presented a four-case series of COVID-19 related deaths occurred in 
patients with Guillain-Barré syndrome (GBS) between February 2020 and January 2022 
in Italy. 
Methods. They were extracted from 8,436 medical charts of COVID-19 patients dy-
ing. All cases, ranged 48-73 years, showed classical GBS clinical onset – limb weakness, 
sensory deficits, hypoareflexia – and three of them were admitted in intensive care unit 
(ICU) for ventilator support. 
Results. The cerebrospinal fluid showing albumin-cytological dissociation was performed 
in two cases. Nerve conduction studies supported the diagnosis in all cases. Interstitial 
pneumonia was documented by chest X-rays or CT scans in all cases: they were treated 
with intravenous immunoglobulin (IVIg) and the drugs used for COVID-19 infection.
Conclusions. Although the mechanism of GBS onset is still unclear in COVID-19, fatal 
cases may be more frequent than other virus-related GBS, so that strictly monitoring in 
high-risk patients could dramatically decrease the mortality of GBS.

INTRODUCTION
Guillain-Barré syndrome (GBS) is an acute acquired 

immune-mediated polyradiculoneuropathy [1], more 
frequent in males, with about 100,000 cases every year 
worldwide [2], diagnosed according to clinical findings 
and classified in several variants, such as acute inflam-
matory demyelinating polyradiculoneuropathy (AIDP), 
acute motor axonal neuropathy (AMAN) and acute 
motor sensory axonal neuropathy (AMSAN). Mortal-
ity rates in Europe and North America vary between 
3% and 7% [2]. The etiology can be traced back to a 
viral illness in half of the cases, the onset typically oc-
curs in one to two weeks after a Campylobacter jejuni, 
HIV, Influenza A virus, Cytomegalovirus, Mycoplasma 
Pneumoniae, Haemophilus Influenzae infection or Ar-

bovirus infection such as Zika and Chikungunya virus. 
The incidence rate of GBS in USA and Europe increas-
es with age (0.6 per 100,000 per year in children and 
2.7 per 100,000 per year in >80-year-old people) [2]. 

Between February 2020 and May 2022, COVID-19 
has caused about 6 million deaths worldwide [3]. Most 
of these deaths were due to respiratory complications 
caused by SARS-CoV-2 infection, but non-respiratory 
complications, including cardiac, renal, and neurologi-
cal are also commonly identified in persons dying of 
COVID-19 [4]. Recent studies demonstrated the oc-
currence of GBS in patients with SARS-CoV-2 infec-
tion [5-9]. GBS can therefore represent a complication 
related to SARS-CoV-2 which can contribute to CO-
VID-19 mortality. We described a series of 4 cases of 
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patients dying of GBS occurring after SARS-CoV-2 in-
fection observed in a survey of 8,436 patients dying of 
COVID-19 in Italy. 

MATERIALS AND METHODS
Study population and data collection

Data were obtained from the Italian National Insti-
tute of Health (Istituto Superiore di Sanità, ISS) Inte-
grated Surveillance System [4, 10]. COVID-19-related 
deaths were defined as those occurring in patients who 
tested positive for SARS-CoV-2, independent of pre-
existing comorbidities possibly contributing to death. 
Medical charts and death certificates of patients dying 
in the hospital were sent to the Italian National Insti-
tute of Health by all the regions and autonomous prov-
inces of Italy. At Italian National Institute  of Health 
COVID-19 Mortality Group, medical charts were re-
viewed by medical researchers to collect detailed infor-
mation. Beyond data on demographic characteristics 
(region of residence, gender, age) and COVID-19 relat-
ed data symptoms (fever, dyspnea, cough, diarrhea, and 
hemoptysis), chest X-rays or CT chest scans, pharma-
cological treatments (antibiotics, antivirals, monoclonal 
antibodies, corticosteroids), need of respiratory assis-
tance, admission to intensive care, results of repeated 
SARS-CoV-2 testing, pre-existing comorbidities (diag-
nosed before hospital admission based on anamnestic 
data), hospital complications with relative additional 
notes and death data were collected. 

Medical charts of 8,436 COVID-19 related deaths 
occurring between February 21st 2020 and January 
10th, 2022, were reviewed to extract the list of cases of 
GBS occurring after SARS-CoV-2 infection. GBS was 
identified if the diagnosis was reported in the medical 
chart or death certificate. Medical charts of patients ex-
periencing GBS were further reviewed by neurologists 
at INIH to collect GBS specific data: clinical features 
(limb weakness, hypoareflexia, sensory disturbances), 
results of cerebrospinal fluid (CSF) analysis (albumin-
cytological dissociation), nerve conduction studies, and 
therapy for GBS. Lag time between dates of onset of 
COVID-19 symptoms and GBS disease (symptom on-
set and diagnosis) have been obtained for GBS cases 
occurring post COVID-19 infection. Summary statis-
tics data obtained: categorical variables are summarized 
by frequencies, and continuous variables by mean and 
standard deviation (SD).

RESULTS
As at date of 10th January 2022, in Italy, among 8,436 

medical charts of COVID-19 related deaths referred to 
the COVID-19 mortality database at Italian National 
Institute of Health four patients with a history of GBS: 
2 females, 2 males, mean age ± SD: 62.7±11 (73-48) 
were identified (prevalence of SARS-CoV-2 related 
GBS among patients dying of COVID-19=0.05%). De-
mographic and COVID-19 clinical characteristics of 
these patients, as well the GBS symptoms at the onset 
are reported in the Table 1. Fever and dyspnea were re-
ported at hospitalization 4/4 and 3/4, respectively. All 
patients had pneumonia documented by chest X-rays 
or CT chest scans, mainly requiring respiratory as-

Table 1
Demographic and clinical characteristics of patients dying of 
SARS-CoV-2 related Guillain-Barré syndrome (GBS)

Number of patients (n) 4

Gender

Female 2

Male 2

Age (years)* mean (SD) 62.7 (11.6)

COVID-19 symptom at hospitalization (n)

Fever 4

Cough 1

Dyspnea 3

Diarrhea 1

Pneumonia (n) 4

Respiratory assistance

No 0

Yes

Mechanical ventilation 2

High flow oxygen 0

cPAP 1

NA 1

Admission to intensive care 

No 1

Yes 3

COVID-19 swab testing swabs at death (n)

Positive 3

Negative 1

Acute respiratory failure 4

Brain damage 2

Superinfections 2

Shock 2

Others 0

Complication during hospitalization (n)

Brain damage 2

Superinfections 2

Shock 2

Others 0

COVID-19 related therapy (n)

Antibiotics 4

Antiviral 3

Corticosteroids 3

Monoclonal antibody 2

Onset of GBS symptoms

Tetraparesis

Yes 3

No 0

NA 1

Continues
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sistance (2 mechanical ventilation, and 1 cPAP), and 
admission in intensive care (3/4). Complications dur-
ing hospitalization were brain damage (2/4), superin-
fections (2/4), and shock (2/4). All patients received 
antibiotics, mainly in combination with corticosteroids 
(3/4) and antivirals (3/4). Two patients also received 
monoclonal antibody (tocilizumab). Only one patient 
tested negative to SARS-CoV-2 before dying.

GBS generally presented with muscle weakness (three 
patients) and less frequently with paresthesia (one pa-
tient). Electrophysiological studies were suggested for 
GBS showing demyelinating changes in all cases: also, 
only one patient showed axonal nerve damage. In pa-
tients with available lumbar puncture (two patients) 

albumin-cytological dissociation was reported. All pa-
tients were treated with intravenous immunoglobulin.

In the Figure 1, lag time of onset of GBS symptoms, 
diagnosis, and death after onset of COVID-19 symp-
toms are shown: since COVID-19 onset, one patient 
developed GBS after three days, one patient after 29 
days and two patients after 31 days. For these patients, 
death occurred after 8, 74, 63 and 73 days after CO-
VID-19 onset, respectively.

DISCUSSION 
We described 4 cases of patients dying of SARS-

CoV-2 related GBS identified in a sample of 8,436 CO-
VID-19 related deaths. Based on these data it can be 
estimated that 0.05% of all COVID-19 deaths are as-
sociated with SARS-CoV-2 related GBS. Limited data 
on characteristics of fatal SARS-CoV-2 related GBS are 
available so far [4]. The four cases we described were 
older when compared to an international COVID-19 
related GBS cohort (61 vs 56) and with an Italian one 
(61 vs 59) [3, 11]. Furthermore, their age was increased 
if compared to pre-pandemic cases (age of greatest in-
cidence was 30-50 years) [12]. The most frequently de-
scribed causes of death in GBS are respiratory failure, 
pneumonia, cardiac arrest, and autonomic dysfunc-
tion [4]. As reported, we also observed in all four our 
cases pneumonia and respiratory failure. Considering 
neurophysiological features, in all our patients demy-
elinating findings were detected as generally reported 
in COVID-19 related GBS [3]. Although axonal form 
as AMAN or ASMAN are generally associated with a 
poor prognosis, only two of our patients had a mixed 
form, demyelinating and axonal, the other two had only 
demyelinating as in COVID-19 related GBS demyelin-
ating form may be severe or fatal. Severe forms of GBS 
described are associated with COVID-19 [6].

All our GBS patients were treated with intravenous 
immunoglobulin and with COVID-19 therapy, the cas-
es were very severe and unfortunately the use of intra-
venous immunoglobulins, the treatment of choice for 
GBS, have not had effect. No patients with fatal GBS 
were vaccinated. The GBS patients were cases that date 
back to before the vaccination in Italy and one case 
when vaccination was available knowing that the vac-
cine campaign in Italy had started. GBS is considered a 
post-infectious neuropathy, developing 2-4 weeks after 
an acute infection [13]. The absence of SARS-CoV-2 
RNA in CSF and the consideration that COVID-19 

 

 

 

 

 

 

 

Days since COVID-19 symptoms

Gender, age
Male, 71 years
Male, 73 years

Female, 48 years
Female, 59 years

0 7 14 21 28 35 42 49 56 62 69 76

GBS symptoms GBS diagnosis Death

Figure 1
Lag time of onset of Guillain-Barré Syndrome (GBS) symptoms, diagnosis, and death after COVID-19 onset.

Table 1
Continued

Number of patients (n) 4

Onset of GBS symptoms (continued)

Paresthesia

Yes 1

No 1

NA 2

Facial palsy

Yes 0

No 2

NA 2

Electrodiagnostic patterns (VCN/EMG)

Axonal damage

Yes 2

No 2

Demyelination damage

Yes 4

No 0

CFS analyzed 2

Albuminocytologic dissociation 2

Therapy for GBS

Intravenous immunoglobulines 4

*Age at death in GBS patients diagnosed during COVID-19 disease onset: 48, 
59, 71, 73. 
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can initially be asymptomatic, which makes the latency 
duration longer than thought, [11] may suggest a prom-
inent post-infectious immune-mediated mechanism 
rather than direct neuronal damage or a para-infectious 
one [14]. 

In our study GBS may be considered a para-infec-
tious event, it occurred in one case 3 days after CO-
VID-19 onset, in other patients after 29 days and in 
the other two patients after 31 days. Similar cases with 
para-infective disease caused by Borrelia Burgdorferi, 
Brucella and West Nile virus have been reported in dif-
ferent countries, because of the effect of the agent or 
an hyperimmune response [12]. It is probable that CO-
VID-19-related respiratory impairment has determined 
the severity of the disease course [4] and respiratory 
failure due to GBS may get fast worse [15, 16].  

The main limitation of this study relates to the fact 
that we only described cases of SARS-CoV-2 associated 
with GBS resulting in patients’ death and therefore we 
cannot estimate the frequency of GBS in COVID-19 
patients, nor the mortality associated with this condi-
tion, as we have not access to information/data of GBS 
diagnoses post COVID not followed by death. In ad-
dition, we based our analysis on a retrospective assess-
ment of medical charts and an underestimation of GBS 
cases is possible. At last, our study was limited to cases 
occurred in 2020 and 2021, before new antiviral treat-
ments became available on the market. 

Although the mechanism of GBS onset is still unclear 
in COVID-19, fatal cases may be more frequent than 
other virus-related GBS [15, 16]. Clinician should be 
aware to promptly diagnose and treat this condition to 
understand if strictly monitoring patients with a high-

risk profile could dramatically decrease the mortality of 
GBS.
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Abstract
Beckground. The presence in Italy of a significant foreign population (5-6 million in-
cluding both formally residents and not officially registered ones) introduces significant 
transformations in the Italian demography with important challenges on ensuring funda-
mental rights including work, education and above all, health.
Access to healthcare. Issues common to the entire migrant population concern the dif-
ficulty of accessing the health system of the host country due to the lack of knowledge of 
its rules and its functioning, the linguistic and cultural barriers and the distrust towards a 
system that is not recognized as his own, as well as the difficulties and misunderstandings 
encountered in the relationship with health professionals. Religion, culture and gender 
may even increase these difficulties.
Conlusion and future perspective. Culture and religion should be taken into account 
when designing and implementing healthcare services and healthcare workers need to be 
trained in acknowledging these challenges. The National Health Service should become 
more sensitive to the increasing cultural and religious pluralism of patients starting with 
investing more in the training of health professionals.

INTRODUCTION
One of the challenges for the Italian National Health 

Service (NHS) is the fight against health inequalities 
which also includes the promotion of the health of all 
fragile minorities present in the national territory. As 
foreseen by the Italian constitution, the aim is to provide 
adequate prevention, diagnosis and treatment services to 
all people. Compared to what happened in other Euro-
pean countries, migration in Italy has some peculiarities: 
the short period (just over thirty years) in which it devel-
oped and took root to become a structural datum of the 
country; the great diversity of origin of immigrants (over 
200 countries from all continents) and the belonging of 
immigrants to religious confessions other than Catholic.

FOREIGN POPULATION IN ITALY
Key data on the Italian situation (at 1st January 2022)

Italy has witnessed a relevant flow of immigrants in the 
recent decades. According to the Initiatives and Studies 

on Multiethnicity (ISMU) Foundation elaborations and 
estimates [1] on National Institute of Statistics (ISTAT) 
data [2], the total number of foreigners regularly pres-
ent in Italy at 1st January 2022 are 6,003,000 of whom 
5,194,000 residents, 303,000 non-residents (but with a 
regular residence-permit) and 506,000 (estimates) non-
regular foreigners without a residence permit. 

Immigrant women and men are almost in the same 
percentage in Italy, while minors represent 20.3% of the 
total. Only about 30% of the foreigners residing in Italy 
come from a country of the European Union. The larg-
est groups of immigrants are Romanians (1,138,000), 
followed by Moroccans (408,000), Albanians (about 
397,000), Chinese (291,000), Ukrainians (230,000), 
Indians (162,000), Filipinos (155,000), Egyptians and 
Bangladeshi (about 150,000), Pakistanis (123,000) 
(Figure 1).

The foreign population is notoriously young. The age 
group between 15 and 39 year old accounts for about 
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45% of the total foreign population, vs 26.2% for Ital-
ians. Among residents over 65 years old, 3% is made-up 
of foreigners and 23.7% of Italians [1].

Non-Italian citizen students
Students with non-Italian citizenship in the 

2020/2021 school year are, in absolute values, 865,388, 
10.3% of the total, of which 66.7% were born in Italy 
but did not have access to citizenship. Almost a quarter 
of the children of immigrants, aged 3-5 years, do not 
attend kindergarten; 27% of foreign studentsare late 
in school compared to 7.5% of Italians; 32% of foreign 
boys between the ages of 18 and 24 drop out of school 
against 10.7% of Italian boys [1].

Professed religions
Table 1 shows professed religions of immigrants. As 

reported, it is estimated (1th July 2022) that among the 
majority of foreigners currently residing in Italy, almost 
2,780,000 (53.1%) belong to Christian religions and 
1,539,000 (29.4%) to the Islamic religion. Buddhists, 
Hindus and Sikhs follow with lower percentages be-
tween 3 and 2%, then the native religions, while atheists 
and agnostics are considerably represented (9.9%).

Socio-economic conditions
87% of immigrants are employees, concentrated 

mainly in some sectors: collective and personal services 
(642,000 employees), agriculture (584,000), industry 
(466,000), hotels and restaurants (263,000), commerce 
(260,000) and construction (235,000) followed by care 
workers (179,500), domestic collaborators and similar 
professions (111,500). Temporary contractual forms are 
preponderant [3]. 

In the last years, due to the economic crises to the 
COVID-19 pandemic and ultimately to the  war in 
Europe, the number of destitute, homeless, new poor 

among both Italian and foreign citizens has increased. 
The immigrant population was the most exposed to 

poverty: today more than one in four families are desti-
tute compared to an incidence of 6% recorded among 
Italian families.

The unemployment rate of foreign citizens (13.1%) is 
higher than that of Italian citizens (8.7%), while the em-
ployment rate of foreigners (60.6%) fell more intensely 
[3]. Young people and women are the most disadvan-
taged groups. More than 9 out of 10 young people are 
in low-skilled, low-paying jobs. Immigrant women have 

Table 1
Religions professed by immigrants [1]

Religion % of 
total

N Country of origin

Christian 53.1 2,784,000

Ortodox 29.1 1,524,000 Romania, Ukraine, 
Moldova, Albania

Catholic 17.1 898,000 Fhilippines, Albania, 
Polland, Peru 

Evangelic 2.8 145,000 Nigeria, Romania,China, 
Ghana

Coptic 1.5 81,000 Egypt, Ethiopia

Other 3.0 136,000 _

Muslim 29.4 1,539,000 Morocco, Albania, 
Bangladesh

Buddhist 3.5 182,000 China, Sri Lanka  

Hindu 2.1 109,000 India

Sikh 1.7 88,000 India

Other 
religions

0.4 22,000 _

No religion 9.9 518,000 China, Romania, Albania

0

200,000

400,000

600,000

800,000

1,000,000

1,200,000

PakistanisBangladeshiEgyptians FilipinosIndians UkrainiansChineseAlbaniansMoroccans Romanians
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291,000
230,000

162,000 155,000 150,000 150,000
123,000

Figure 1
Largest groups of residing immigrants in Italy.
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suffered the most from the crisis, so much that the re-
duction in the female employment rate among foreign-
ers is twice as high as that of males [3].

KEY HEALTH ASPECTS OF IMMIGRANTS
Generally, immigrants show a mortality advantage re-

spect to the native population as also found in Italy [4]. 
However, the literature highlights that many chronic 
diseases, such as hypertension, diabetes, chronic kidney 
disease, obesity and metabolic syndrome have a higher 
prevalence in immigrants than in the native population 
due to the interplay between genetic and, mostly, be-
havioural factors.

In Italy, refugees and immigrants from sub-Saharan 
African and south Asian countries were found to have a 
higher risk of cardiovascular diseases than native popula-
tion. In this regard, South Asians, particularly when living 
in high-income countries, are at a substantially elevated 
risk of type 2 diabetes (T2DM) compared with white 
Europeans, and typically develop the disease 5-10 years 
earlier and at a lower BMI [5]. According to the Italian 
Diabetes Society, the risk of developing T2DM is 3 to 5 
times higher for those coming from Southeast Asia, 2 to 
4 times higher for those coming from the Middle East 
and North Africa, and 2-3 times higher for those coming 
from Sub-Saharan Africa [5]. Overall, the risk of devel-
oping T2DM diabetes among immigrants is 55% higher 
than in Italians with similar characteristics [5]. 

Among respiratory diseases [6] as a whole, the preva-
lence of asthma and allergic diseases in immigrants 
from less wealthy countries is lower than in high-in-
come host countries, but the risk of developing these 
diseases increases with the length of stay in the host 
country, demonstrating that in addition to genetic pre-
disposition, environmental factors also play a decisive 
role in the development of atopy.

As concern cancer, it should be noted that most im-
migrants come from geographical areas (i.e Africa, 
Central and South America, many Asian regions and 
Eastern Europe) where cancer screening attitudes and 
services versus a higher prevalence of risk factors are 
not yet strongly consolidated, e.g., human papilloma 
infection in Sub-Saharan Africa and Eastern Europe, 
areas that represent most of the origin countries of 
immigrants in Italy. Moreover, also chronic infections 
predisposing to cancers, such as hepatitis B and C, and 
Helicobacter Pylori infection, have greater prevalence 
in Eastern and sub-Saharan Africa for hepatitis B, in 
Eastern Mediterranean and European countries for 
hepatitis C, in Africa, Eastern Europe, Asia and Latin 
America for Helicobacter pylori, respectively [6].

Other chronic diseases frequently observed are men-
tal disorders, musculoskeletal and gastrointestinal dis-
orders, genetic diseases and immune-mediated inflam-
matory diseases [7]. 

CULTURAL RELIGIOUS AND GENDER 
ASPECTS OF IMMIGRANTS IMPACTING 
HEALTHCARE 

The right to access health care is a principle that finds 
its foundation in the Italian Constitution. Neverthe-
less, there are several obstacles that prevent immigrants 

from accessing the services they are entitled to: linguis-
tic and cultural barriers, administrative barriers, limited 
knowledge of the rules and functioning of the NHS, 
distrust of a health system that is not recognized as his 
own, as well as difficulties and misunderstandings en-
countered in the relationship with health professionals.

Culture, religious affiliation, family and social re-
lationships, gender issues, education level, economic 
situation, degree of inclusion in the host society neces-
sarily shape health seeking behaviors and the access to 
healthcare [8]. For example, religious beliefs influence 
the choices regarding procreation, organ donation and 
transplantation; palliative care and end of life; the com-
pliance with pharmacological treatments and dietary 
prescriptions, and the prevention attitudes, to cite a 
few [8].

Also gender inequalities may have crucial implica-
tions for health. In many cultures, women depend on 
males for the interaction with the health professionals 
(e.g., personal history and description of symptoms) 
and encounter difficulties to be visited by male pro-
fessionals. In this regard, Hindu women generally do 
not go to the gynecologist until the end of their preg-
nancy [9]; Muslim generally agree to be examined only 
by same sex professionals; Buddhist women wish to 
be visited only by same-sex personnel, and monks are 
prohibited from being cared by female personnel [10]. 
Furthermore, male individuals belonging to some im-
migrant groups often avoid seeking healthcare, even in 
emergency situation, fearing this would diminish their 
social role in the community.

These cultural customs and systems of values are 
often unknown to Italian health professionals and ste-
reotypes and prejudices could persist, hampering the 
patient-doctor communication and relationship nour-
ishing the distrust towards host health systems and 
sometimes western medicine at a large, resulting in low 
health services seeking. In addition, the lack of migrant-
sensitive information on rights and health services avail-
able on the territory was also observed.

Recently, Italy has seen a significant increase in the 
female share of migratory flows. Previously, female mi-
gration was essentially pushed by family reunification. 
Starting from the 90s, the increasing demand for elderly 
and home care drew working migrant women, especial-
ly from the Eastern Europe. Today, women represent, 
on average, about half of the immigrant population in 
the country. The share of women ranges from values be-
low 30% of immigrants from Bangladesh or Egypt, up 
to over 78% in the case of Ukrainian immigration.

Immigrant women carry out fewer visits during preg-
nancy and fewer ultrasound scans than Italian women. 
Moreover, they carry out the first prenatal visit later 
(11.5% of foreigners carry it out after the 12th week 
vs 2.65% of Italians) risking to fail the early diagnosis 
and monitoring of potential pathological conditions. 
An effort by the NHS is therefore needed to promote 
prenatal care and screenig services offered to immigrant 
women.

Further, the adherence to screening programs for 
breast cancer and cervical cancer, even if rising, is still 
low as the engagement in conscious motherhood and 
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family planning counselling.  Language, cultural, but 
also administrative and logistic barriers are some of the 
factors called upon to explain this evidence. 

Also noteworthy is the persistence of traditional sur-
gical practices, declared illegal worldwide, often due to 
misinterpretations of religions, such as circumcisions 
and partial or total mutilation of the female genitals 
(FGM) [11]. These practices are still in use mainly in 
some populations of northern Africa, the Horn of Af-
rica and the sub-Saharan belt.

The United Nations International Emergency Chil-
dren’s Fund (UNICEF) estimates that there are 125 
million women in the world living with the consequenc-
es of genital mutilations. According to UN estimates, 
200 million women and girls worldwide have suffered 
from various forms of genital mutilation [12]. In Italy, 
estimates indicate that about 80,000 women and 7,000 
minors have undergone FGM [13, 14]. Italy is one of 
the countries hosting the largest number of excised 
women, due to the consistent female migration flow 
from countries with a high prevalence of FGM such as 
Egypt, Nigeria, Ethiopia and Senegal  It is obviously 
not known if and how many of these practices were car-
ried out in Italy or in the country of origin. Italian law 
(Law January 9th 2006, n. 7) is particularly severe and 
provides for imprisonment from 4 to 12 years for those 
who practice mutilations, even when the operation is 
performed abroad on an Italian or foreign citizen resid-
ing in Italy, increase of the penalty by one third when 
the victim is a minor. If FGM is performed by medi-
cal personnel there is disqualification from the register 
and suspension of the practice. Article 6 also provides 
for the obligation for health personnel to report to the 
competent authorities, an action that can allow immi-
grant women to acquire refugee status, even if health-
care professionals are often not adequately trained in 
informing victims of FGM about their right to apply for 
asylum [15].

However, the records of the presence of FGM in 
women who have given birth represents the first tool for 
the protection of newborn girls. The consequent pas-
sage of information to the pediatrician allows the latter 
to maintain surveillance over the time, necessary to pre-
vent repetition of the practice on girls.

Other challenges for the Italian Health Service are 
male ritual circumcisions, which concern a large seg-
ment of the immigrant population, mostly Muslim, and 
which are partly carried out clandestinely with serious 
health consequences for the boys and children.

No official data is available on the extent of the 
phenomenon of ritual non-therapeutic circumcisions 
in Italy. Some data can be implicitly derived from the 
numbers of migrants from some areas of Africa re-
ported in the annual Immigration Reports of Italian 
Caritas and Fondazione Migrantes. According to esti-
mates by the Association of Doctors of Foreign Ori-
gin in Italy (AMSI) and the Community of the Arab 
World in Italy (CO-MAI), around 11,000 children are 
circumcised each year, 6,000 of which in the countries 
of origin and 5,000 in Italy [16]. At least one third of 
the 5,000 circumcision operations carried out in Italy 
take place outside the structures of the National Health 

Service in clandestine circuits, at home or in any case in 
unprotected environments, and often by non-medical 
personnel despite being a practice with a high risk of 
damage (early or late) and may even lead to the death 
of the child [16, 17]. In recent years there have been 
numerous news reporting the death of children due to 
the execution of circumcision by unqualified people 
without adequate medical training and in hygienically 
unsafe environments.

One of the reasons that drives families to entrust 
their children to inadequate personnel is the absence 
of non-therapeutic circumcision within the Essential 
Levels of Assistance (LEA) so that the surgery, not be-
ing paid by the Italian NHS, has prohibitive costs [17]. 
The economic possibilities of many immigrant families 
(especially African ones) do not allow them to face the 
cost of intervention in the health sector or the expense 
of a trip to their country of origin.

CONCLUSIONS
Access to care for the immigrant population in Italy 

is protected by one of the most inclusive legislations in 
the European and global panorama. Despite this, the 
interpretation and application of the legislation on the 
access to care for foreign people are highly uneven on 
the territory, both nationally and within the Regions/Au-
tonomous Provinces themselves. It therefore becomes 
necessary to reaffirm that the fundamental principles of 
the NHS (universality, globality and equity) are the ba-
sis for the realization of the right to health protection, 
as foreseen by Art. 32 of the Italian Constitution. The 
aim is to provide adequate prevention, diagnosis and 
treatment services to all people regardless of religion, 
ethnicity, culture of the country of origin, economic and 
social condition and, last but not least, gender.

Inadequate or insufficient information of immigrant 
citizens is cause of limited access and improper use of 
services offered by NHS. The scarcity of cultural-lin-
guistic mediators in most healthcare facilities but also 
scarce availability of the rules in force in a multilingual 
version are obstacles for accessing NHS services. It is 
necessary that all the Regional Health Services stan-
dardize, and guarantee detailed information on the 
services offered to all the people present on the Italian 
territory.

The religious restrictions, concerning for example the 
type of food that can be accepted, the type of medi-
cine that can be prescribed, the health problems in the 
long periods of fasting prescribed by one’s religions, 
the behaviors and the different needs regarding gender 
belonging, dangerous practices such as “homemade” 
circumcisions, or even the illegal surgery practices of 
cultural nature, as FGM, make the immigrant-NHS 
relationship difficult and find our healthcare workers 
unprepared for adequate responses.

Cultural realities, traditions and systems of values of 
immigrants are often unknown to Italian health opera-
tors. The lack of knowledge of both the spiritual and 
cultural expectations of the immigrant patient can 
lead to difficulties of interaction, misunderstanding, 
and even of lower levels of quality of care and assis-
tance, poor patient satisfaction, limited adherence to 
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established care which can even lead to worse health 
outcomes. It therefore appears mandatory to organize 
training and updating activities aimed at the plurality of 
social and health figures who interact in various capaci-
ties with the foreign population.

All the critical aspects described here pose particu-
larly complex questions in relation with immigrant pop-
ulations and imply the need for a specific attention to 
their Country of origin, their religious belief and their 
traditional medical interventions (e.g., MGF and cir-
cumcision). Hence, personalized strategies should be 
implemented in order to establish a correct dialogue 
and a fruitful relationship of trust with patients with 
such different cultural features and religious creeds. 
Knowledge of all the critical issues can also offer the 
necessary tools to guarantee the overcoming of any 
discrimination. A collective effort is needed to lay the 
foundations for a public health system centered on the 
person as a whole, a transcultural health system capable 
of welcoming and providing preventive, diagnostic and 

treatment services to all people, regardless of whether 
they belong to a minority or not. On the other hand, 
the need to increase communication strategies in order 
to improve immigrant awarness of the Italian NHS, i.e. 
how does it works in terms of access and on the rights 
the immigrants have, also represents a mandatory task.
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Abstract
Introduction. Healthcare-associated infections are often associated with poor hand hy-
giene (HH) by healthcare workers (HCWs). The objective of this cross-sectional study at 
the Umberto I teaching hospital in Rome was to quantify compliance with HH by direct 
observation following a multimodal strategy devised by the World Health Organisation 
and to map critical areas for improvement. 
Methods. Predictors of HH compliance were identified using a multivariable logistic 
regression model. Adjusted odds ratios (aORs) and 95% confidence intervals (CIs) were 
calculated. 
Results. Eighty-four trained observers from 50 wards collected 4,081 observations show-
ing that overall HH compliance was 71.9%. The multivariable analysis found a positive 
association with the outcome for midwives compared to physicians (aOR=2.5, 95% CI: 
1.5-4.1), and a negative association for healthcare assistants (aOR=0.5, 95% CI: 0.3-
0.8). There was greater compliance during public holidays and weekends (aOR=1.5, 95% 
CI: 1.1-2.1), but compliance was lower for external staff (aOR=0.7, 95% CI: 0.5-0.9). We 
found a positive association with all HH indications after interaction with a patient or 
with patient surroundings compared with the indication “before touching a patient” (all 
p<0.001); the highest association was with the indication “after contact with biological 
fluids” (aOR=7.7, 95% CI: 4.7-12.5). 
Conclusion. Overall, we observed reasonable compliance levels, but it is important to 
increase adherence to HH practice and monitor any behaviour change.

INTRODUCTION 
Healthcare-associated infections (HAIs) are a threat 

to patient safety and public health [1]. In Italy, the 
National Institute of Health estimated a prevalence 
of patients with HAI in acute care hospitals of 8.03% 
[2]. According to the guidelines of many international 
institutions, such as the European Centre for Disease 
Prevention and Control (ECDC), the World Health 
Organization (WHO) and the US Centers for Disease 
Control and Prevention (CDC), the best way to reduce 
HAIs is the strict adherence of healthcare workers to 
standard hygiene precautions [3, 4]. Hand hygiene 
(HH) has indeed been found to be a cost-effective in-
tervention that reduces the incidence of HAIs in hos-
pitals [5], particularly if founded on the promotion of 
HH among healthcare workers (HCWs), coupled with 
assessment of the practice [6].

Nevertheless, compliance of HCWs with all standard 
hygiene precautions remains a long-standing challenge 
[7]. Indeed, studies have highlighted that relatively few 
HCWs follow the correct hygiene procedures [8]; for 
example, albeit limited, the data on the appropriate use 
of gloves are not reassuring [9, 10]. Several monitoring 
systems analyse how well staff follow HH precautions, 
there are direct and indirect methods for hand hygiene 
monitoring: direct methods include direct observation, 
patient assessment or HCWs self-reporting, whereas 
indirect methods include monitoring consumption of 
soap or handrub, or the use of automated monitoring 
of the use of sinks and handrub dispensers. In 2009, 
the WHO developed an evidence-based guideline that 
recommends direct observation as the gold standard for 
monitoring HCWs compliance with good HH practice. 
Personnel education and training, along with staff eval-

Address for correspondence: Mariateresa Ceparano, Dipartimento di Sanità Pubblica e Malattie Infettive, Sapienza Università di Roma, Piazzale Aldo 
Moro 5, 00185 Rome, Italy. E-mail: mariateresa.ceparano@uniroma1.it.
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uation and performance feedback, are also necessary 
to achieve the highest compliance rates [3]. However, 
applying this WHO strategy showed that adherence to 
good HH practice depends on various factors, includ-
ing the country, setting, habit, culture, and resource 
availability [11].

In Italy, a few studies have analysed compliance with 
HH guidelines, returning a different picture according 
to the setting, but showing an increase in overall com-
pliance rates over the years [7, 12, 13]. However, most 
studies focused on single wards or settings, whereas 
data across an entire hospital are limited [14]. More-
over, HH compliance has to be contextualized, for ex-
ample, taking into account the important effect of the 
COVID-19 pandemic on the behaviour of healthcare 
professionals. As underlined by Vicentini et al. [15] 
“HH has received much attention in the context of the 
COVID-19 pandemic as an important tool for both 
HCWs and patient safety”; thus, the pandemic has in-
creased the awareness of HCWs of this topic. At the 
same time, in response to the current shortage of essen-
tial hospital personnel, many recently graduated HCWs 
entered the wards with very little work experience and 
were immediately required to deal with the pandemic. 
Consequently, it was difficult to ensure widespread con-
trol of compliance with good HH practice [15]. There-
fore, the aim of this study was to evaluate HCWs com-
pliance with HH guidelines in a large teaching hospital 
in Rome, Italy, comparing settings and mapping critical 
areas for improvement. 

METHODS
Setting

The study was conducted at the Umberto I teaching 
hospital of Rome, one of the largest public hospitals 
in Italy. The hospital is composed of 54 buildings and 
hosts 1,235 beds, with a staff of approximately 4,700 
HCWs. The hospital’s Ethics Committee approved the 
study protocol (reference number: 4707/2021).

Study design and observation strategy
The study was made up of two phases: a training we-

binar on the Zoom platform (11th November 2021) to 
train the HCW staff in charge of conducting direct ob-
servations on standard hygiene precautions and a sec-
ond phase of three weeks (from 6th to 31st December 
2021) to perform data collection.

The HCWs participating in the webinar were those 
who agreed to serve as anonymous observers of HH 
compliance and to monitor their colleagues during daily 
care activities. They had been previously identified by 
the hospital management department in October 2021 
among those involved in clinical risk-management ac-
tivities. Next, during the one-day webinar, these HCWs 
had a lecture on the definition, impact and burden of 
HAIs, with a focus on pathogen transmission and the 
importance of compliance with good HH practice in 
reducing infection rates. They were then trained to 
conduct anonymous direct observations of HH compli-
ance using the “My five moments for hand hygiene” ap-
proach [16]. Specifically, to avoid overloading the par-
ticipants, each observer was asked to conduct at least 

50 observations over a three-week period, with a total 
of at least 100 observations per ward (i.e., two observ-
ers per ward), using a paper-based checklist provided 
by the Section of Hygiene of the Department of Public 
Health and Infectious Diseases of the Sapienza Univer-
sity of Rome.

The anonymous checklist was divided into two sec-
tions. The first section contained data about the observ-
er, including gender and job category (i.e., physician, 
nurse, healthcare assistant, other), and information to 
identify the hospital wards and the date of observa-
tion (i.e., weekday or weekend day/holiday). The sec-
ond section collected information on adherence to the 
five moments for hand hygiene according to the WHO 
guidelines: 1) before touching a patient; 2) before an 
aseptic procedure; 3) after body fluid exposure; 4) af-
ter touching a patient; and 5) after touching a patient’s 
surroundings [3]. For each one of these, four actions 
were considered: 1) handwashing with soap and water; 
2) hand rubbing with the hydroalcoholic solution; 3) in-
appropriate use of gloves (i.e., without a previous action 
of HH); and 4) nothing (i.e., missed HH action and 
no gloves used). The anonymous checklist also required 
the following information: work shift (i.e., morning, 
afternoon, night), observed HCW job category (phy-
sician, nurse, healthcare assistant, or other HCW cat-
egories, such as medical student, technician, therapist), 
observed HCW gender, observed HCW staff type (i.e., 
internal or external to the ward), and context of deliv-
ered care (clinical area, surgical area, intensive area).

At the beginning of December 2021, all hospital staff 
received a formal communication from the Medical 
Director of the Umberto I teaching hospital about the 
objectives and methodology of the study. Therefore, the 
HCWs were aware that they were being observed for 
compliance with HH guidelines, but they were not told 
who the observers were or when the observations would 
occur.

Statistical analysis
Descriptive statistics were obtained using mean and 

standard deviation (SD) for continuous variables and 
proportions for dichotomous and categorical variables. 
The rate of compliance with HH guidelines was mea-
sured as the sum of the number of HH actions per-
formed using soap and water plus those performed 
using an alcohol-based formulation against the total 
number of opportunities recorded. The recommended 
rate of HH compliance should be ≥81.0% according 
to WHO guidelines [17]. In the univariate analysis, 
Pearson’s χ2 test was used to assess possible associa-
tions between independent variables and overall HH 
compliance. Pearson’s χ2 test was also used to compare 
indications for HH before and after patient contact. 
Then, a multivariable logistic regression model was built 
to identify factors independently associated with HH 
compliance. Only variables with p ≤ 0.05 after univari-
ate were retained in the full multivariate model. Multi-
collinearity was checked using as a threshold a variance 
inflation factor of 5. The Hosmer-Lemeshow test was 
used to evaluate the goodness of fit of the model. As 
a result, the following variables were used to build the 



Martina Antinozzi, Mariateresa Ceparano, Vincenzo Cammalleri et al.

O
r

ig
in

a
l
 a

r
t

ic
l

e
s
 a

n
d

 r
e

v
ie

w
s

206

model: observer gender, observer job category, observed 
HCW gender, observed HCW job category, staff type 
(i.e., internal, or external), work shift, day of the week, 
and context of delivered care (medical, surgical, or in-
tensive area). Adjusted odds ratios (aORs) and 95% 
confidence intervals (CIs) were calculated. All statis-
tical analyses were performed with Stata version 17.0 
(StataCorp LLC, 4905 Lakeway Drive, College Sta-
tion, Texas, USA). A two-tailed p-value less than 0.05 
was considered statistically significant.

RESULTS
Setting

The observations were carried out in 50 out of 60 
wards (83.3%), with 10 wards not available for data col-
lection because of COVID-19 isolation precautions. 
The wards analysed belong to the following integrated 
activities Departments: Haematology, Oncology and 
Dermatology (2.9%); Head-Neck (3.3%); Internal 
Medicine, Endocrine-Metabolic Sciences and Infec-
tious Diseases (7.9%); Emergency-Acceptance, Critical 
Areas and Trauma (10.4%); General Surgery, Plastics 
and Orthopaedics (10.5%); Cardio-Thoraco-Vascular 
and Organ Transplant Surgery (15.2%); Maternal, 
Childhood and Urogynaecology Sciences (15.5%); In-
ternal Medicine and Medical Specialities (15.6%); and 
Neuroscience and Mental Health (18.9%). Overall, the 
checklist was filled in by 84 observers out of the 120 
initially identified by the hospital management depart-
ment, with a response rate of 70%. In 60.7% of cases, 
observers represented the clinical area, followed by sur-
gical (25.0%) and intensive (14.3%) areas.

Characteristics of recorded observations
We collected a total of 5,385 observations out of the 

6,000 expected (89.8%), with an average number of ob-
servations per observer of 64.1 (SD: 38.2). However, 
only 4,081 (68.0%) could be analysed (i.e., where just 
one HH indication was observed) (Table 1). Observa-
tions were collected mostly by female HCWs (70.8%). 
Concerning job categories involved in the collection of 
data, a similar number were made by physicians and 
nurses (47.8% and 47.3%, respectively), followed by 
midwives (4.8%), healthcare assistants (0.1%) and oth-
ers (0.1%).

Regarding the observed staff, 61.2% were females. 
Most of the observations involved physicians (42.1%), 
followed by nurses (35.2%), healthcare assistants 
(11.4%) and students (3.7%), with only a minority be-
ing relatives (0.8%) or midwives (0.6%). Almost all the 
observed HCWs belonged to the department where the 
surveys were carried out (90.8%). As for work shifts, 
observations were mainly made during the morning 
(57.4%), followed by the afternoon (35.7%) and night 
(6.8%). Most observations were collected from Monday 
to Friday (85.8%), with only a small portion on weekend 
days or public holidays (14.2%). Slightly more than half 
of the observations (54.8%) were recorded in the clinical 
area, followed by the surgical area (31.6%), while the 
remaining was collected in the intensive area (13.6%).

The most frequently recorded indication was “before 
touching a patient” with 1,518 observations collected, 

Table 1
Characteristics of recorded observations (N=4,081)

N (%)

Observer gender

Male 1,140 (27.9)

Female 2,889 (70.8)

Missing 52 (1.3)

Observer job category

Physician 1,951 (47.8)

Nurse 1,929 (47.3)

Midwife 196 (4.8)

Healthcare assistant 4 (0.1)

Other 1 (0.1)

Observed HCW gender

Male 1,575 (38.6)

Female 2,497 (61.2)

Observed HCW job category

Physician 1,716 (42.1)

Nurse 1,435 (35.2)

Midwife 24 (0.6)

Healthcare assistant 465 (11.4)

Student 153 (3.7)

Relative 32 (0.8)

Other 164 (4.0)

Missing 92 (2.2)

Observed ward staff 

Internal 3,705 (90.8)

External 376 (9.2)

Work shift

Morning 2,342 (57.4)

Afternoon 1,460 (35.7)

Night 277 (6.8)

Missing 2 (0.1)

Day

Weekday 3,503 (85.8)

Weekend day/holidays 578 (14.2)

Ward area

Clinical area 2,235 (54.8)

Surgical area 1,292 (31.6)

Intensive area 554 (13.6)

Indication type

Before touching a patient 1,518 (37.2)

Before clean/aseptic procedure 359 (8.8)

After touching a patient 1,138 (27.9)

After body fluid exposure 436 (10.7)

After touching a patient’s surroundings 630 (15.4)

HCW: healthcare worker.
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accounting for 37.2% of the total, followed by “after 
touching a patient” (27.9%), “after touching a patient’s 
surroundings” and “after body fluid exposure risk” 
(15.4% and 10.7%, respectively). The least frequently 
observed indication was “before clean/aseptic proce-
dure” (8.8%).

Compliance with HH guidelines and its predictors
Overall compliance with HH guidelines using an 

alcohol-based formulation (38.3%) or soap and water 
(32.7%) was 71%. As for the indication, the observed 
staff showed the highest adherence rates to HH prac-
tice (i.e., alcohol rubbing or washing with soap and 
water) “after contact with a patient’s surroundings”, 
“after contact with a patient” or “after contact with bio-
logical fluids” (75.1%, 79.9% and 91.5%, respectively; 
p<0.001) (Figure 1). The use of soap and water was 
preferred “before clean/aseptic procedure” (46.5%) and 
“after being exposed to body fluid” (72.0%), whereas 
for “before touching a patient”, “after touching a pa-
tient” and “after touching a patient’s surroundings”, the 
observed staff mostly used an alcohol-based formula-
tion (33.0%, 49.8% and 52.1%, respectively). The in-
correct use of gloves (i.e., without previous HH) was 
more frequently reported “before touching a patient” 
(28.3%) and “before aseptic procedure” (27.3%), while 
doing nothing (i.e., no HH and no gloves) appeared to 
be more common “after touching patient’s surround-
ings” (20.5%), followed by “before touching a patient” 
(14.8%) and “after touching a patient” (13.8%).

In the univariable analysis, we found that compliance 
rates with HH procedures were significantly different 
according to the gender (p<0.001) and job category 
(p=0.024) of the observers who collected the observa-
tions, with females and midwives registering the high-
est rates of compliance (72.8% and 81.1%, respectively) 
(Table 2). As for the HCW job category, midwives re-

ported the highest compliance (91.7%), followed by 
relatives (87.5%), nurses and physicians (74.0% and 
71.0%, respectively), students (69.3%) and healthcare 
assistants (62.6%) (p<0.001). Female HCWs generally 
showed better compliance than males (72.7% vs 68.5%, 
respectively), and internal HCWs were more compliant 
than external personnel (71.8% vs 63.0%, respectively). 
Higher compliance rates were also reported during 
night shifts (80.5%), weekend days and public holidays 
(77.8%), and in the surgical area (77.9%). 

In the multivariable analysis (Table 3), compared to 
physicians, being a midwife or a patient’s family member 
was positively associated with the outcome (aOR=2.5, 
95% CI: 1.5-4.1 and aOR=4.5, 95% CI: 1.2-17.9, re-
spectively), while being a healthcare assistant yielded a 
negative association (aOR=0.5, 95% CI: 0.3-0.8). Con-
sidering the observed ward staff, being an external staff 
member seemed to play a negative role concerning HH 
adherence compared to being an internal staff mem-
ber (aOR=0.7, 95% CI: 0.5-0.9), whereas observations 
collected on holidays or weekends showed higher HH 
compliance compared to weekdays (aOR=1.5, 95% CI: 
1.1-2.1). Additionally, all HH indications after interac-
tion with the patient or the patient’s surroundings had 
a positive association with HH compared with the in-
dication “before touching a patient” (all p<0.001), with 
the highest association being with “after contact with 
biological fluids” (aOR=7.7, 95% CI: 4.7-12.5). Lastly, 
the gender and job category of the observer, gender of 
observed staff, work shift and ward area showed no as-
sociation with the outcome.

DISCUSSION
The present study quantified the adherence of HCWs 

to HH guidelines in the vast majority of wards of the 
Umberto I teaching hospital of Rome and found overall 
compliance of 71%. This value aligns with data in the 

0 20 40 60 80 100

%

After touching a patient surroundings

After body fluid exposure 

After touching a patient

Before clean/aseptic procedure

Before touching a patient

Soap and water Alcohol-based formulation

Gloves Nothing

Figure 1
Compliance with hand-hygiene guidelines by indication (N=4,081).
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literature reporting HH compliance rates among hospi-
tal HCWs usually between 60% and 70% [15, 18, 19]. 
As stated before, it should be noted that in healthcare 
facilities there were improvements in HH compliance 
rates during the pandemic [20, 21], probably induced 
by the fear and increased awareness of the importance 
of HH associated with the pandemic [22].

Although our hospital’s HH compliance rate reflects 
the data in the literature, it should be remembered that, 
historically, the prevalence of HAIs at the Umberto I 
teaching hospital of Rome has been quite high com-
pared to the European average [23]. This may have 

worsened during the COVID-19 pandemic, so monitor-
ing HH and promoting the training of health workers 
are key factors in preventing and containing the spread 
of nosocomial infections [24]. In line with previous stud-
ies, we also found significant differences in HH adher-
ence rates in relation to several factors. As consistently 
reported [7, 25], HCWs showed a tendency to adhere 
more frequently to the practice of HH when protecting 
themselves, as underlined by the greater adherence to 
HH procedures after exposure to the patient, to body 
fluids, or to the patient’s surrounding environment. On 
the other hand, the indication “before touching a pa-

Table 2
Univariable analysis of compliance with hand-hygiene (HH) guidelines

HH 
non-compliance

HH 
compliance

p-value

Observer gender (N= 4,029) <0.001

Male 393 (34.5) 747 (65.5)

Female 785 (27.2) 2,104 (72.8)

Observer job category (N=4,081) 0.024

Physician 566 (29.0) 1,385 (71.0)

Nurse 580 (30.1) 1,349 (69.9)

Midwife 37 (18.9) 159 (81.1)

Healthcare assistant 1 (25.0) 3 (75.0)

Other 0 (0.0) 1 (100.0)

Observed HCW gender (N=4,072) 0.004

Male 496 (31.5) 1,079 (68.5)

Female 682 (27.3) 1,815 (72.7)

Observed HCW job category (N=3,989) <0.001

Physician 497 (29.0) 1,219 (71.0)

Nurse 373 (26.0) 1,062 (74.0)

Midwife 2 (8.3) 22 (91.7)

Healthcare assistant 174 (37.4) 291 (62.6)

Student 47 (30.7) 106 (69.3)

Relative 4 (12.5) 28 (87.5)

Other 57 (34.8) 107 (65.2)

Observed ward staff (N=4,081) <0.001

Internal 1,045 (28.2) 2,660 (71.8)

External 139 (37.0) 237 (63.0)

Work shift (N=4,079) <0.001

Morning 728 (31.1) 1,614 (68.9)

Afternoon 402 (27.5) 1,058 (72.5)

Night 54 (19.5) 223 (80.5)

Day (N=4,081) <0.001

Weekday 1,056 (30.2) 2,447 (69.8)

Weekend day/Holiday 128 (22.2) 450 (77.8)

Ward area (N=4,081) <0.001

Clinical area 713 (31.9) 1,522 (68.1)

Surgical area 286 (22.1) 1,006 (77.9)

Intensive area 185 (33.4) 369 (66.6)

HCW: healthcare worker.
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tient” showed the lowest compliance rate, but this poor 
result might have been an effect of the pandemic (dur-
ing which the survey was conducted), when healthcare 
personnel was particularly focused on self-protection 
rather than preventing cross-transmission between pa-
tients [22, 26, 27].

As for the HCW job category, there were some dis-
crepancies, with midwives achieving higher levels of 
compliance, similar to family members of hospitalized 
patients, with the latter possibly showing particular 
care in their contact with their relatives. This attitude 
translates into immense benefits for patients, consider-
ing that family members usually have no formal train-
ing in infection control and are mostly unaware of their 
role in the nosocomial transmission of infections [28]. 
In contrast to other studies [8, 25, 29], which report 
a higher degree of HH compliance by nurses than by 
physicians, we did not document any significant differ-
ences in compliance rates between the two professional 
categories. Probably, with the outbreak of the pandem-
ic, medical staff in our hospital also paid more attention 
to HH, as reported in a recent review that showed an 
improvement in the degree of compliance by physicians 
[30]. However, being external to the ward appeared to 
negatively affect compliance, confirming the hypothesis 
that being psychologically involved with patients is a 
driver of HH compliance [31].

Another factor that seemed to affect compliance was 
the day of the observation. Specifically, observations re-
corded during holidays or weekend days showed higher 
adherence to good HH practice, a factor that could be 
related to a lower workload during these periods. In fact, 
several studies have shown that an increased workload 
reduces HH compliance in HCWs [32, 33]. By con-
trast, work shifts and ward areas did not show any asso-
ciation with the outcome, similar to the observed HCW 
gender, highlighting how an educational intervention 
can boost compliance rates uniformly. This is particu-
larly important in intensive care units, which represent 
critical areas where HH compliance levels are required 
to reach a benchmark of 90% [34], given the high inci-
dence of HAIs often seen in these departments. In the 
Umberto I teaching hospital, for example, both adult 
and neonatal intensive care units are monitored using 
an active HAI surveillance system [26, 35, 36].

Lastly, regarding the use of gloves, the present survey 
points out how they were often worn as a substitute for 
handwashing, which is inappropriate behaviour consid-
ering that the indications for HH are independent of 
those justifying the use of gloves (sterile or unsterile) 
[37]. This may be due to the mistaken belief that glove 
use alone is sufficient to limit the spread of microorgan-
isms; since this indicates poor HH compliance, further 
training of HCWs on proper glove use is needed [7].

This study has some strengths and limitations. The 
main strength is that it included a large number of 
wards across medical, surgical and intensive areas, mak-
ing it possible to draw comparisons between settings 
and to map critical areas for improvement. Secondly, 
the survey was performed according to a standardized 
protocol recommended by the WHO [3]. In this regard, 
despite direct observation being considered the “gold 

Table 3
Multivariable logistic regression model for compliance with 
hand-hygiene (HH) procedures

HH compliance

aOR (95% CI) p-value

Observer gender

Male Ref.

Female 1.3 (0.7-2.2) 0.425

Observer job category

Physician Ref.

Nurse 1.1 (0.6-1.9) 0.688

Midwife 1.3 (0.6-2.7) 0.554

Healthcare assistant 1.0 (0.4-2.2) 0.934

Observed HCW gender

Male Ref.

Female 1.3 (0.7-2.2) 0.425

Observed HCW job category

Physician Ref.

Nurse 1.0 (0.7-1.5) 0.916

Midwife 2.5 (2.5-4.1) <0.001

Healthcare assistant 0.5 (0.3-0.8) 0.002

Student 0.8 (0.5-1.2) 0.269

Relative 4.5 (1.2-17.9) 0.031

Other 0.7 (0.4-1.3) 0.260

Observed ward staff

Internal Ref.

External 0.7 (0.5-0.9) 0.022

Work shift

Morning Ref.

Afternoon 1.1 (0.9-1.3) 0.458

Night 1.7 (0.9-3.1) 0.092

Day

Weekday Ref.

Weekend day/Holiday 1.5 (1.1-2.1) 0.004

Ward area

Clinical area Ref.

Surgical area 1.6 (0.8-3.3) 0.163

Intensive area 1.0 (0.4-2.5) 0.954

Indication type

Before touching a 
patient 

Ref.

Before clean/aseptic 
procedure

1.6 (0.9-3.1) 0.130

After touching a patient 3.1 (2.0-4.8) <0.001

After body fluid 
exposure

7.7 (4.7-12.5) <0.001

After touching a 
patient’s surroundings

2.6 (1.6-4.2) <0.001

aOR: adjusted odds ratio. CI: confidence interval. HCW: healthcare worker.
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standard” method of monitoring HH compliance, our 
results may suffer from the Hawthorne effect, where 
HCWs may improve their practice under observation, 
despite not knowing the identities of the observers and 
which practices were recorded. However, it has previ-
ously been shown that the Hawthorne effect can also 
be used in a positive way to encourage compliance with 
HH [38]. Moreover, enrolling HCWs to collect data 
and perform the observations on their own wards might 
have made them inclined to rate their co-workers dif-
ferently than outside observers would. In addition, dif-
ferences among observers might also have affected ac-
curacy. However, we tried to limit the impact of these 
potential biases as much as possible during the one-day 
educational intervention. Another limitation relates to 
the period in which the survey was conducted, which 
coincided with an increase in COVID-19 cases and a 
consequent increase in hospitalizations. For this reason, 
a few wards were not able to provide the number of ob-
servations requested. Lastly, some of the observations 
collected could not be analysed due to incorrectly com-
pleted forms. For these reasons, it will be essential to re-
peat this survey over time and to improve HCW training 
in conducting direct observations of HH compliance.

CONCLUSION
This study represents a starting point for the monitor-

ing of HCW behaviour toward good HH practice. It 
will be essential to repeat this survey routinely so that 
the analysis of HH compliance over time can help iden-
tify any major critical issues and evaluate the effective-
ness of the interventions that will be carried out. Since 
the hands of HCWs play a fundamental role in the 
transmission of microorganisms during daily care activi-
ties [35, 39], monitoring HCWs’ compliance with HH 

guidelines and promoting a culture of safety through 
repeated interventions are key for improving the clinical 
care pathway for patients.
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Abstract
Introduction. After transplantation, engaging in regular physical activity (PA) or sport 
is recommended for health. Participation to competitive sports is increasingly common 
among kidney transplant recipients while little is known on how training affects the phys-
ical performance in transplanted athletes. 
Aim. The purpose of this case study was to assess the effects of a tailored training pro-
gram on exercise parameters in kidney transplant cyclists (CKTRs) and runners (RKTRs).
Methods. Twelve male transplanted athletes were enrolled. The workload at aerobic and 
anaerobic thresholds, the submaximal aerobic power (V’O2 stage) and rate of perceived 
exertion (RPE) during an incremental cycling or running test, and the peak instanta-
neous force (PIF) during a countermovement jump were assessed at baseline (T0) and 
after 6 months of tailored training (T6) consisting in strength and aerobic exercises. Exer-
cise adherence, blood lipid profile and renal function were also investigated.
Results. Eight CKTRs and 4 RKTRs completed the 6-month training period, with a sig-
nificant increase of training volume (minutes/week). The exercise adherence was met by 
90% in both groups.  At T6, there were significant (p<0.05) improvements of maximum 
workload attained, the workload corresponding to the aerobic threshold and PIF, while 
workloads at anaerobic threshold, V’O2 stage and RPE were unchanged. Blood cholester-
ol significantly decreased (p<0.01), while the other blood parameters were unchanged. 
Conclusions. These findings indicate that the combined strength and endurance train-
ing is well tolerated and may improve exercise performance in this selected population 
of KTRs.

INTRODUCTION
Kidney transplantation is the standard treatment for 

end-stage renal disease and can offer a new indepen-
dence from the disease process. After transplantation, 
engaging in regular physical activity is recommended to 
counteract the effects side of the immunosuppressive 

therapy as weight gain and represents in all respects a 
therapeutic intervention for improving health [1]. Con-
trary to what is commonly thought, sport can also be 
practiced after a solid organ transplantation. Indeed, 
participation to recreational and competitive sports 
activities is increasingly common among kidney trans-
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plant recipients (KTRs). Totti et al. showed that trans-
plant recipients practicing football are able to attain 
energy expenditure levels and quality of life similar to 
healthy controls [2]. Moreover, it was shown that well-
trained KTRs can safely participate to a long-distance 
road cycling race without acute signs of kidney damage 
and can benefit from physical activity, even at a com-
petitive level [2-4]. 

The increasing interest on the benefits of physical 
activity in transplant recipients has led to a number of 
studies showing the effects of different exercise training 
programs on health and exercise capacity in this popu-
lation [5]. Nevertheless, most studies focused on sed-
entary or moderately active transplant recipients, while 
still little is known on how training affects the physical 
performance in transplanted competitive athletes.

Conditioning programs including a combination of 
strength and endurance training are known to impact 
performance-related parameters such as running or cy-
cling economy and the power output associated to the 
maximum oxygen uptake in healthy competitive cyclists 
and runners [6]. While this kind of training may be used 
also by competitive KTRs, some aspects specific of that 
population might lead to a sub-optimal training stimu-
lus and adaptation. Indeed, reduced muscle mass and 
strength are common conditions during dialysis and 
muscle wasting is major clinical problem due to the 
dialysis [7]. As a consequence, perceived muscular fa-
tigue may be increased with possible inability to main-
tain a given force or power output [8]. Furthermore, 
immunosuppressive therapy as cyclosporine reduces 
oxidative activity and capillarity of some muscles, pos-
sibly contributing to reduce exercise tolerance [9]. The 
long-term systematic combination of immunosuppres-
sive drug and glucocorticoid therapy may also induce 
muscle atrophy and bone loss [10].

To investigate the impact of combined strength and 
endurance training in competitive KTRs athletes, the 
purpose of the present case study was to assess the ef-
fects of a tailored training program on a selection of 
performance parameters on kidney transplant cyclists 
and runners.

MATERIALS AND METHODS 
Patients’ information

CKTRs and RKTRs were recruited from a national 
association who organize sport events for transplant re-
cipients (ANED Sport, Associazione Nazionale Emo-
dializzati, Dialisi e Trapianto). All participants regularly 
practiced sports before enrolment in the study and were 
declared eligible by the Sport Physicians. The following 
inclusion criteria were used: age 18-60 years, at least 
6 months after organ transplantation and regularly 
trained. Exclusion criteria were orthopaedic limitations, 
psychiatric or neurological disorders, proteinuria within 
nephrotic range, sedentary lifestyle and any cardiovas-
cular contraindication to exercise testing and training. 
Twelve KTRs – 8 male cyclists (CKTRs), 4 male runners 
(RKTRs) – provided informed consent before inclu-
sion according to the procedures approved by the lo-
cal Ethics Committee and following all the guidelines 
for experimental investigation required by the institu-

tions. The study conformed to the policy statement 
with respect of Declaration of Helsinki. Subjects were 
informed about the nature of the research and the as-
surances of anonymity.

Diagnostic assessment
Information on medical illness, pathologies leading to 

renal disease, dialysis vintage and medications were col-
lected using structured questionnaires.

Renal function and blood lipid profile were recorded 
from the last medical check from each participant. Fat 
mass percentage (FM%) was determined by the Jack-
son & Pollock equation using seven skinfolds (abdomi-
nal, thigh, triceps, bicep, subscapular, suprailiac, chest) 
measured with a Harpenden calliper [11].

In relation to the practiced sport, an incremental cy-
cling or treadmill exercise protocol were used to deter-
mine the aerobic and anaerobic thresholds. For cyclists, 
the cycling exercise protocol started with a workload of 
25 W and increased by 50 W every 3 minutes, while, for 
runners, the treadmill exercise protocol started with a 
speed of 10 km/h and was increased by 1 km/h every 4 
minutes. At every stage, a capillary blood sample from 
the earlobe was taken to measure blood lactate con-
centration (YSI Model 1500 Sport Lactate Analyser; 
Yellow Springs Instrument Co, Yellow Springs, Ohio, 
USA) to estimate the workload associated to the aero-
bic and anaerobic thresholds, corresponding to 2 and 4 
mmol of lactate, respectively. The test was ended when 
lactate was >4mmol/L. The rate of perceived exertion 
(RPE) was recorded at each step using 0-10 visual ana-
logue scale. The oxygen consumption (V’O2) was mea-
sured using an open-circuit spirometry system (Sensor 
Medics Corp., Anaheim, CA, USA), which was care-
fully calibrated before each test. Respiratory gases were 
analysed for volume and fractions of oxygen and carbon 
dioxide, and the steady state V’O2 expressed in terms 
relative to body mass (mLO2/kg/min) averaged over the 
final two minutes of the first stage of the incremental 
test, was used to calculate the V’O2 stage.

Finally, countermovement jumps (CMJ) were per-
formed on a dual-force platform system (Kistler Instru-
ments Ltd., Farnborough, United Kingdom). The peak 
instantaneous force (PIF) of the lower limbs was con-
sidered as the outcome measure over three attempts. 
Training volume was recorded by direct interviews be-
fore the tests. Adherence to the exercise program and 
eventual adverse events were also recorded.

“Therapeutic” intervention 
After testing, a tailored training program was given 

to each participant. Each training program included 3 
sessions/week of aerobic exercise (cycling or running) 
and 2 sessions/week of strength exercises that included 
isometric squats (4 sets of 10 seconds), lunges (3 sets 
of 10 repetitions) and plantar flexors (3 sets of 10 rep-
etitions). Warm-up, cool-down and stretching exercises 
were included in each training sessions. All training 
sessions were not directly supervised, anyway all KTRs 
were contacted after 3 and 6 months by phone to assess 
progress and adherence to the program. The same test-
ing protocol was repeated after 6 months of training.
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Data were analyzed with descriptive statistics. Differ-
ences between T0 and T6 were assessed by paired t-tests, 
assuming as significant a value of p<0.05.

RESULTS 
Follow-up and outcomes 

The demographic and clinic characteristics of the par-
ticipants are shown in Table 1. All KTRs were assuming 
regular immunosuppressive therapy. The exercise pro-
gram adherence, defined as compliance in executing 
the assigned exercise program (total number of session 
n=72) during the 6-month period was met by 7 out of 8 
CKTRs and 3 out of 4 RKTRs, i.e., 83% of the subjects. 
The training volume showed increases of 77±40% at T6 

(Table 2; p<0.01), without reporting adverse events.
No changes were observed for FM% that remained 

stable in both groups at T6 (p>0.05; Table 2). The work-
loads associated to the aerobic and anaerobic thresh-
olds showed improvements in CKTRs of 22±32% and 
11±26% respectively and in RKTRs of 5±5% and 0±6% 
respectively at T6 (p>0.05; Figure 1). RPE measured at 
the end of the last stages of the tests non significantly 
increased in both groups.  Furthermore, in both groups, 
a higher workload at the end of the tests was observed 
at T6

 (+13±15%; p<0.05). 
PIF showed improvements of 6±11% (p<0.05). V’O2 

stage remained unchanged at T6 (Figure 2).
Blood cholesterol showed a significant decrease 

(-8±9%, p<0.01) while the other blood parameters re-
mained unchanged (Table 2).

DISCUSSION
This case series showed that competitive KTRs were 

able to complete a 6-month training including 3 ses-
sions/week of aerobic exercise and 2 sessions/week of 
strength exercises without any evident adverse effects. 
Moreover, the majority of athletes showed overall im-
provements in the workload associated to the aerobic 
thresholds and the maximum sustained workload, with 
a slightly increased exercise tolerance. The wide range 
of performances of this small group of subjects affected 
the standard deviation around the mean (i.e., the coef-
ficient of variation) and also the presence of opposite 
trends in some subjects confirmed the physiological 
variability present even in healthy subjects, as report-
ed by the literature [12]. Regarding the PIF, the study 
group showed a significant improvement at T6, as a pos-

sible effect of strength exercises on the muscles of the 
lower limbs also in KTRs. Chan et al. showed that KTRs 
were mostly capable of generating muscular power 
similar to healthy subjects, corroborating that fatigue is 
not only explained by deficits in the muscular and car-
diovascular systems [13]. The same mechanisms were 
showed in elite healthy cyclists, where adding strength-
ening to endurance training can increase strength and 
rate of force development as appear in CKTRs [14]. In 
the present study, the V’O2 stage, which can be roughly 
considered an indicator of economy of cycling or run-
ning, did not show significant improvements. However, 
considering the three subjects who achieved more than 
1,500 minutes/week of training volume, we found a sig-
nificant decrease of the V’O2 stage (p<0.05), indicating 
that the effects of an adequate volume of combined 
endurance and strength training tends to improve the 
economy of locomotion, as already reported in healthy 
cyclists [14]. Furthermore, Montero et al. showed that 
exercise programs including strength training improve 
the energy cost of cycling and shows a superior effect 
compared with endurance training alone [15]. The 
present findings confirm that, despite the intake of im-
munosuppressive therapies often associated with gluco-
corticoid, KTRs may improve the exercise performance 
by combined endurance and strength trainings, coun-
teracting the side effects of the pharmacological thera-
pies, and may reduce the muscle atrophy and weakness. 
Moreover, immunosuppressive therapy alone seems to 
have no inhibitory effect on the physiological factors 
related to the aerobic and muscular metabolism and 
regular training could be considered as a therapy that 
counteract the side effects of other drugs on aerobic ca-
pacity and muscle strength. Future studies are needed 
to more deeply investigate this aspect in larger samples 
of subjects. The limitations of the study are represented 
by the lack of data on renal function (e.g., creatinine), 
hydration status and training volume at the time of en-
rolment in the study. Another limitation is the small 
sample of subjects and the absence of a specific ques-
tionnaire to assess the exercise program adherence, as 
we used self-reported interviews.

CONCLUSIONS
The outcomes of this case study demonstrate that 

combined endurance and strength training is overall 
well tolerated in this sample and may improve sport 

Table 1 
Demographic and clinical characteristics of cyclists (CKTRs) and runners (RKTRs) kidney transplant recipients 

CKTRs RKTRs Mean±SD

Patient (n) 1 2 3 4 5 6 7 8 1 2 3 4 n=12

Dialysis vintage (months) 126 72 0 66 96 24 13 48 48 24 6 7 44.2±39.6

Age (years) 54 45 44 40 49 51 50 61 33 50 45 60 48.5±7.9

Time from transplant (years) 15 3 6 5 17 4 12 22 4 10 7 17 10.2±6.3

Body Mass Index (kg/m2) 24.7 26.5 23.1 24.1 22.4 22.3 22.4 30.5 23.7 20.6 22.6 22.7 23.8±2.6

Pathologies leading to renal 
disease

G P G G G G N P G P G G --

G: glomerulonephritis; P: polycystic kidney disease; N: nephropathy.
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Table 2 
Fat mass, training volume, performance parameters, rate of perceived exertion (RPE), blood lipid profile and renal function in cy-
clists (CKTRs) and runners (RKTRs) kidney transplant recipients at baseline (t0) and after 6 months of training (t6)

CKTRs RKTRs Mean±SD

Patient (n) 1 2 3 4 5 6 7 8 1 2 3 4 n=12

Fat mass
(%)

T0 11.9 17.5 8.6 20.6 11.2 15.0 8.5 23.3 18.0 7.6 21.8 11.2 14.6±5.5

T6 12.5 22.9 9.7 17.3 13.1 13.7 8.8 23.8 20.2 8.5 19.4 10.0 15.0±5.5

Training 
volume
(min/week)

T0 120 240 720 1620 540 234 552 720 240 150 180 480 483±419

T6 180 480 480 2,880 1,620 720 600 1,620 240 100 270 600 816±822**

V’O2 stage
(mL/min/kg)

T0 19.79 22.18 23.66 23.99 24.53 24.93 25.83 18.10 30.72 35.01 35.89 38.31 26.9±6.5

T6 19.66 19.41 25.08 22.01 22.07 27.87 25.67 17.56 31.59 33.45 36.76 39.30 26.7±7.2

S2 - Workload 
(W)

T0 171 100 143 100 165 93 168 58 -- -- -- -- 125±43

S2 - Workload 
(W)

T6 167 108 158 136 172 150 145 102 -- -- -- -- 142±26

S2 - Workload 
(km/h)

T0 -- -- -- -- -- -- -- -- 9.7 9.3 12.0 10.7 10.4±1.2

S2 - Workload 
(km/h)

T6 -- -- -- -- -- -- -- -- 10.0 10.0 12.0 11.8 11.0±1.1

S4 - Workload 
(W)

T0 247 215 231 176 211 132 215 97 -- -- -- -- 191±52

S4 - Workload 
(W)

T6 239 163 238 203 226 208 203 136 -- -- -- -- 202±36

S4 - Workload 
(km/h)

T0 -- -- -- -- -- -- -- -- 12.1 12.7 13.7 15.4 13.5±1.4

S4 - Workload 
(km/h)

T6 -- -- -- -- -- -- -- -- 13.0 12.0 14.3 14.7 13.5±1.2

Max workload 
(W)

T0 250 250 250 200 250 200 250 125 -- -- -- -- 222±45

Max workload 
(W)

T6 250 250 300 200 300 250 250 150 -- -- -- -- 256±50*

Max workload 
(km/h)

T0 -- -- -- -- -- -- -- -- 12.0 13.0 14.0 15.0 13.5±1.3

Max workload 
(km/h)

T6 -- -- -- -- -- -- -- -- 13.0 13.0 14.5 16.0 14.1±1.4

RPE
(0-10 scale)

T0 5 5 4 5 6 6 4 4 5 5 3 4 4.7±0.9

T6 5 5 5 5 7 7 5 7 4 5 2 5 5.2±1.4

Peak 
instantaneous 
force (N)

T0 1,598 1,841 1,574 1,659 1,504 1,509 1,285 1,427 1,330 1,351 1,692 1,326 1,508±172

T6 1,698 2,006 1,437 1,810 1,759 1,710 1,209 1,489 1,385 1,314 2,178 1,239 1,602±308*

Total 
Cholesterol
(mg/dL)

T0 178 220 237 261 195 211 230 217 173 174 168 171 203±31

T6 161 222 200 244 170 193 160 210 164 165 164 172 185±28**

Triglycerides
(mg/dL)

T0 87 280 99 199 55 249 115 93 126 145 61 145 138±71

T6 87 282 98 157 37 250 105 90 166 122 60 144 133±73

Creatinine
(mg/dL)

T0 1.58 1.68 1.84 1.10 1.34 1.82 1.70 1.05 0.92 1.30 1.00 1.31 1.39±0.33

T6 1.54 1.56 1.88 1.07 1.47 1.89 1.48 1.05 0.89 1.43 1.00 1.23 1.37±0.33

eGFR
(mL/
min/1.73mq)

T0 49 47 43 79 60 42 46 76 101 62 86 59 62.5±19.1

T6 50 51 42 81 54 40 50 76 104 55 86 64 62.8±19.8

Glucose
(mg/dL)

T0 65 85 85 114 101 100 99 91 79 84 90 79 89.3±12.9

T6 71 76 87 116 92 107 102 85 81 77 79 83 88.0±13.7

*p<0.05; **p<0.01.
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performance capacity of cyclist and runner KTRs. Re-
ferring to the scientific literature on healthy competitive 
athletes, physiological responses seem to appear com-
parable to the study group [16, 17].  Further research 
is needed to investigate the hydration status of trans-
plant recipients who regularly practice sport, which is 
closely related to renal function. Anyway, these findings 
can help design future studies to determine the opti-

mal training load to improve performance and reduce 
fatigue in KTRs practicing physical activity or sports.
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Abstract
Introduction. COVID-19 lockdown in Italy resulted in increased smoking consump-
tion, mainly associated with mental distress. This study aims to update previous findings 
investigating changes in smoking intensity during the whole COVID-19 pandemic.
Methods. This analysis was carried out within the “LOST IN ITALY” (“LOckdown and 
lifeSTyle IN ITALY”) and “LOST IN TOSCANA” studies on 880 smokers with informa-
tion collected during main pandemic peaks. Changes in cigarettes/day were investigated 
in association with survey-periods, socio-demographic and psychological characteristics 
through a linear mixed-model.
Results. Net of psychological distress and socio-demographic variables, in comparison 
to pre-pandemic period cigarettes/day increased by 1.16 during lockdown, and remained 
over half higher subsequently. In the overall period, an increase of >1 cigarette/day was 
also associated to lower education, older age, male gender and psychotropics drugs use.
Conclusions. After 2 years of pandemic, cigarettes/day have not yet returned to the pre-
pandemic levels, mainly due to socio-demographic factors, but also to nicotine addiction, 
that tends to stabilize consumption.

INTRODUCTION 
The coronavirus disease (COVID-19), firstly identi-

fied in December 2019, has spread worldwide causing 
almost 700 million cases and 6 million deaths in January 
2023 [1]. At the beginning, many countries worldwide 
implemented lockdown interventions to detain the virus 
spread [2]. However, several COVID-19 waves were re-
corded [3]. After the initial wave which comprised a pre-
pandemic phase in January-May 2020 and a first wave 
in June 2020-February 2021, the COVID-19 pandemic 
comprised other three global waves up to the beginning 
of 2022: the second, March-June 2021; the third, July-
October 2021; the fourth, November 2021-March 2022 
[3]. Each of these waves was associated with different 
restriction policies that varied from country to country.

The isolation measures implemented during the first 
wave were linked to a general declining mental health 

[4] and lifestyles changes, comprising smoking habits, 
related both to mental distress and to a large amount of 
time spent at home [5]. The impact of the COVID-19 
pandemic on smoking habits is complex and uncertain 
[6]. Most studies found a reduction of smokers; how-
ever, among smokers, contrasting results were found, 
with a recent meta-analysis reporting a reduced and an 
increased consumption respectively among 21% and 
27% of smokers, and quitting smoking among 4% [7]. 
In Italy, results from the “LOckdown and lifeSTyle IN 
ITALY” (LOST IN ITALY) project, a cross-sectional 
study investigating changes in smoking habits during 
lockdown, showed a huge effect of the 2020 lockdown 
in increasing smoking consumption. In fact, despite 
a reduced prevalence in younger ages, maybe due to 
the social role of smoking among youth, a consump-
tion increase accounted for most changes, with 36% of 
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smokers reporting a higher consumption [5]. Most of 
the determinants of such increase were related to men-
tal distress, such as insufficient amount of sleep and 
anxiety and depression symptoms. In addition, among 
those who continued smoking during the first pandemic 
phase, there were more frequently novel product users, 
i.e. electronic cigarette (e-cigarette) and heated tobac-
co product (HTP) users [8].

In the framework of the “LOST IN ITALY” project 
and its extension “LOST IN TOSCANA”, the aim of 
this study was to update previous results by investigat-
ing how smoking intensity changed during the COV-
ID-19 pandemic waves following lockdown. 

METHODS
The “LOST IN ITALY” study cohort, described in de-

tail elsewhere [5, 9] is based on a cross-sectional survey 
on 6,003 participants representative of the Italian adult 
population who completed a web-based interview dur-
ing the Italian lockdown (April 27-May 3, 2020). The 
fieldwork was conducted by Doxa, the Italian branch of 
the Worldwide Independent Network/Gallup Interna-
tional Association. 

Within the “LOST IN ITALY” study, about half of the 
initial cohort was re-contacted during the first and the 
second COVID-19 waves (3,185 in November 27-De-
cember 20, 2020, and 3,000 in May 7-18, 2021). Fi-
nally, 4,831 participants (80.4%) were re-contacted 
during the last COVID-19 wave (February 24-March 
21, 2022) within the “LOST IN TOSCANA” study. For 
the purpose of this analysis, only respondents who were 
current smokers at all waves and that have information 
in at least two surveys (the first, with the pre-lockdown 
and lockdown measurements, and another survey) were 
kept into the analysis (N=880). Each subject included 
has a number of measurements that goes from three to 
five, resulting in an unbalanced design.

In all surveys, participants completed a question-
naire on socio-demographic information, lifestyle hab-
its and mental distress. Moreover, at the first survey, 
changes before and during the lockdown were record-
ed. Current smokers were defined as respondents who 
reported having smoked ≥100 cigarettes during their 
life and that were current smokers (i.e., smoked >0 
cigarettes per day – cig/day) at the time of the inter-
view. Current e-cigarette or HTP users were defined 
as respondents using e-cigarettes or HTP occasionally 
or regularly. The dual use was defined as smokers us-
ing either e-cigarettes or HTP. The use of psychotropic 
drugs was registered and sleep disorders and anxiety 
or depression symptoms were recorded using validated 
tools [4, 10-12]. 

Changes in the number of cig/day were investigated 
in association with survey time, socio-demographic vari-
ables (sex, education, age at baseline), use of e-cigarettes 
or HTPs, use of psychotropic drugs, sleep disorders and 
anxiety or depression symptoms. In order to take into 
account for the repeated measures design and consider-
ing dependency of observations within subjects, and also 
allowing the inclusion of individuals who participated to 
different number of surveys, i.e., unbalanced design, 
linear mixed models were used. A random intercept 

model was implemented, with socio-demographic vari-
ables as time-invariant and variables on mental distress 
and novel products use as time-varying covariates. Since 
the psychological distress variables were not correlated 
(Pearson-R=0.18, R=0.21 for anxiety or depression and 
respectively sleep disorders and drugs use, and R=-0.02 
for sleep disorders and drugs use), a model which ad-
justed for all those variables was used.

The Intraclass Correlation Coefficient (ICC) was cal-
culated to estimate the percentage of the total variance 
that was explained by between-subjects variance.

RESULTS
A comparison of smokers who were retained versus 

lost to follow-up showed significant differences in age 
suggesting a missing at random mechanism (Supple-
mentary Table 1S available online). Thus, fitting a linear 
mixed model to the observed data can produce valid 
inference [13].

For each subject the number of measurements goes 
from three to five, resulting in an unbalanced design. 
An increase in psychological distress and psychotro-
pic drugs use was observed during the lockdown with 
a subsequent decrease up to the last survey, reaching 
pre-pandemic levels for the drugs use only. The mean 
number of cig/day was 11.7 before lockdown, 13.0 
during lockdown and it reached 12.3 in the last survey 
(Supplementary Table 2S available online).

The ICC was 83.6% (95% CI: 81.4%-85.6%), imply-
ing that the measures were quite stable within subjects 
and suggesting that the use of random intercept models 
would be a good approximation to model such corre-
lation. Net of psychological distress and socio-demo-
graphic variables, in comparison to the period before 
the lockdown, the number of cig/day significantly in-
creased by 1.16 (95% CI 0.89, 1.44) during lockdown, 
by 0.62 (95% CI 0.31, 0.92) in November-December 
2020, by 0.69 (95% CI 0.37, 1.02) in May 2021, and 
by 0.57 (95% CI 0.28, 0.86) in February-March 2022 
(Table 1).

Statistical evidence of association was observed be-
tween sleep disorders and cig/day, with those reporting 
inadequate sleep smoking 0.32 (95% CI 0.03, 0.60) cig/
day more than people with adequate sleep. Moreover, 
smokers using psychotropic drugs reported over 1 cig/
day more than people not using drugs (coefficient 1.07, 
95% CI 0.48, 1.67). A significant association with gen-
der was also observed, with men smoking 1.48 cig/day 
more than women (95% CI 0.60, 2.36), and also for 
people with low education level smoking 1.44 (95% CI 
0.10, 2.78) cig/day more than people highly educated. 
People aged 35-54 and 55-74 years smoked respectively 
1.56 (95% CI 0.47, 2.66) and 2.96 (95% CI 1.75, 4.17) 
cig/day more than younger respondents. No significant 
changes in cig/day among people who also use novel 
products were observed in comparison to exclusive con-
ventional cigarette smokers. 

DISCUSSION
After 2 years of pandemic, smoking intensity have not 

yet returned to the pre-pandemic levels. The greater in-
crease was observed during lockdown, with respondents 
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smoking 1.16 cig/day more than before. These results 
confirmed the initial trend observed in the previous 
“LOST IN ITALY” analysis [5]. Moreover, this study 
shows that in the subsequent COVID-19 waves, the ini-
tial increase halved, remaining around 0.6 cig/day more 
than before the pandemic. 

These results suggest that the restrictions imposed 
during the lockdown resulted in changes in smoking 
intensity mainly related to mental distress [5]. Then, 
during the subsequent COVID-19 waves, mental dis-
tress had not yet returned to the pre-pandemic levels, 
but this had no direct impact on tobacco consumption, 

which was mainly associated to socio-demographic fac-
tors usually related to tobacco addiction [14], such as 
a lower education, older age and being male, and to 
the use of psychotropic drugs. Therefore, once smoking 
intensity increases, it is not easy to come back to ini-
tial levels for smokers with specific socio-demographic 
characteristics, probably also due to tobacco and nico-
tine addiction themselves that tends to stabilize con-
sumption [14].

Finally, our results did not support the harm reduc-
tion theory, which suggests that novel product use 
should determine a decrease in smoking intensity [15]. 
In fact, in our study, the dual use of novel products and 
traditional cigarettes was not associated with a decrease 
in cig/day. 

Limitations of our study include the possible informa-
tion bias due to the self-reported responses and, more 
importantly, a possible selection bias, being this study 
based on a sample of online panelists, characterized by 
a higher socioeconomic level compared with the gen-
eral population. Moreover, we did not include quitters, 
since there are many differences between determinants 
of decreasing smoking intensity and of smoking cessa-
tion [16]. 

This study has several strengths. First of all, the sta-
tistical modelling allowed to take into account for the 
longitudinal structure of the data by considering the 
correlation within individuals. Moreover, despite the 
limitation of having a reduced number of observations 
in the two middle COVID-19 waves, the modeling 
strategy allowed to include all the observations com-
ing from surveys with different sample sizes in an un-
balanced design, without loss of power, and with not 
equally spaced measurements. Finally, the surveys were 
carried out during most of the COVID-19 pandemic 
waves (i.e. all except the third between July and Octo-
ber, 2021), allowing thus to capture the possible effect 
of the pandemic peaks on the population psychological 
distress and lifestyle changes.

CONCLUSIONS
After 2 years of pandemic, smoking intensity has not 

yet returned to the pre-pandemic levels, and this is ex-
plained mainly by socio-demographic factors, but also 
by tobacco and nicotine addiction, that tends to stabi-
lize consumption.
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Table 1
Association between number of cigarettes smoked per day 
and survey period, socio-demographic characteristics, novel 
(tobacco) product use, psychotropic drugs use and mental 
distress variables (anxiety or depression symptoms and sleep 
disorders). Coefficients and 95% confidence intervals (CI) from 
the random intercept model

Variables Coefficient
(95% CI)

Survey* Pre lockdown Ref.

Lockdown 1.16 (0.89, 1.44)

Survey 2 0.62 (0.31, 0.92)

Survey 3 0.69 (0.37, 1.02)

Survey 4 0.57 (0.28, 0.86)

Sex Female Ref.

Male 1.48 (0.60, 2.36)

Level of education High Ref.

Medium 0.90 (-0.05, 1.85)

Low 1.44 (0.10, 2.78)

Age 18-34 years Ref.

35-54 years 1.56 (0.47, 2.66)

55-74 years 2.96 (1.75, 4.17)

Dual use** Yes Ref.

No  0.28 (-0,06; 0.63)

Use of psychotropic 
drugs***

No Ref.

Yes 1.07 (0.48, 1.67)

Anxiety or depression 
symptoms****

No Ref.

Yes  0.30 (-0.01, 0.62)

Sleep disorders***** No Ref.

Yes 0.32 (0.03, 0.60)

*Pre-lockdown and lockdown: survey carried out in April-May 2020 referring 
respectively to the pre lockdown period and to the pre-pandemic COVID-19 
wave; Survey 2: carried out in November-December 2020 referring to the 
COVID-19 wave 1; Survey 3: carried out in May 2021 referring to the COVID-19 
wave 2; Survey 4: carried out in February-March 2022 referring to the COVID-19 
wave 4.
**Dual use: smokers using either e-cigarettes or heated tobacco products.
***Use of psychotropic drugs: respondents using at least one drug among 
antidepressants, anxiolytics/benzodiazepine, hypnotics, antipsychotics and 
mood stabilizers [4].
****Anxiety or depression symptoms: respondents with value higher than 3 
in the 2-item generalized anxiety disorder scale [10] or in the 2-item Patient 
Health Questionnaire scale [11]. 
*****Sleep disorders: respondents who reported to sleep less than 7 hours per 
night or who evaluated their overall sleep as quite bad or very bad [12].
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Abstract
Objectives. Vaccination against human papilloma virus (HPV) in adolescents and per-
sons at increased risk of infection and related consequences is an effective strategy to 
prevent genital cancers. The objective of this study was to assess vaccination activity and 
coverages in a Northeastern Italian area. 
Methods. Anonymous data from various health administrative databases of the Italian 
530,000-inhabitant Health Authority “Azienda Sanitaria Universitaria Friuli Centrale” 
were deterministically linked at the individual level through an anonymous stochastic 
key. Doses of HPV vaccine administered by year and coverages in different birth cohorts 
were calculated. Vaccinations of women treated for a CIN2+ lesion were also identified. 
Results. The number of doses administered by year followed the evolution of national 
and regional laws. A steep drop was observed in 2020 and 2021 in both males and fe-
males (from 6,907 in 2019 to 5,027 in 2020 in males and from 6,989 in 2019 to 4,348 
in 2020 in females). Coverages in adolescents were variable across Vaccination Services 
located in different sub-areas (complete cycle coverage in the 2008 cohort ranged from 
<40% in some Districts to >70% in others). Vaccination doses administered in adult 
women have increased almost steadily since 2018. One third of women treated for a 
CIN2+ were vaccinated.
Conclusions. In this area, efforts must be done to catch-up with doses missed during the 
pandemic and to overcome differences among different sub-areas.

INTRODUCTION
Human papilloma virus (HPV) is the most common 

sexually transmitted disease. Transmission may occur 
through either genital or skin contact. This infection is 
considered responsible for almost all cervical cancers 
and for a part of cancers of the vagina, vulva, penis, 
anus, rectus and oropharynx [1, 2]. 

More than 200 HPV strains exist. Of those that are 
sexually transmitted, some do not usually cause any dis-
ease and are defined as low risk; others, at high risk, 
have an effect on cancer incidence (for example, types 
16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66 and 68). 
In particular, HPV16 e HPV18 are responsible for 66% 
of cervical cancers [3].

Since 2006, various vaccines against HPV have been 
approved in the European Union: a 2-valent vaccine (ef-
fective against types 16 and 18), a 4-valent one (types 
6, 11, 16, 18), and, in 2015, a 9-valent one (types 6, 11, 
16, 18, 31, 33, 45, 52, 58). 

The Italian National Vaccine Prevention Plan (Piano 
Nazionale Prevenzione Vaccinale, PNPV) which is cur-
rently in force (PNPV 2017-19) sets a 95% coverage 
goal for HPV vaccination among boys and girls in their 
twelfth year of age [4], i.e., before there are expected to 
encounter the virus through sexual activity. HPV vac-

cination is effective in reducing the incidence of genital 
warts, pre-cancer lesions, malignant cervical cancer and 
related deaths [3]. All types of HPV vaccine (2-valent, 
4-valent, and 9-valent) were shown to be cost-effective 
in Italy when used in adolescents [5, 6]. 

PNPV 2017-19 also recommends the HPV vaccina-
tion in all women (in co-payment, and according to re-
gional guidelines) and suggests taking advantage of the 
first invitation to the cervical cancer screening program 
to catch the 25-year-olds. Finally, the vaccination is rec-
ommended in men having sex with men (MSM) as a 
specific risk group [4]. 

The US CDC also recommend vaccination in unvac-
cinated persons up to 26 years of age but not in those 
between 27 and 45, unless a careful medical assessment 
is carried out. In fact, in such age group the efficacy of 
the vaccine may be reduced because most people have 
already encountered the virus [7]. In persons >45, the 
vaccine is not considered cost-effective in the USA and 
is not covered by health insurance. Cost-effectiveness is 
actually dubious starting from 30 year of age [8]. In the 
UK, HPV vaccination is offered free of charge to MSM, 
trans women and men up to age 45 [9].

In accordance with the Italian PNPV, the Italian 
Friuli Venezia Giulia (FVG) Region, approximately 
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1,200,000 inhabitants, HPV vaccination is offered free 
of charge to adolescents (boys and girls) and to several 
risk groups: HIV subjects, patients undergoing immu-
nomodulating or immunosuppressive therapy that may 
increase the risk of HPV infection (e.g., chronic inflam-
matory bowel disease, multiple sclerosis, etc.), MSM 
and, since 2018, women previously treated for CIN2+ 
lesions [10, 11]. The vaccine offered at the beginning 
of the HPV vaccination campaign, in 2008, was the 
2-valent one; in 2011, the 4-valent vaccine became the 
mostly used one, whereas the 9-valent one was used al-
most universally in FVG≥ from 2018. The FVG Region 
started to recommend and offer the HPV vaccine free 
of charge to boys as early as 2015, from the birth cohort 
of 2004 [12], before the national recommendation was 
issued in 2017 [4].   

Regarding women treated for CIN 2+, an Italian 
health technology assessment (HTA) was published in 
2019 [13]. Such HTA was mostly based on the results 
of the SPERANZA project [14] and concluded that 
the HPV vaccine could decrease the risk of relapses 
in women undergoing surgery for HPV-related lesions. 
Thus, its use should be increased, although it is less 
cost-effective than if administered in pre-adolescence. 

However, the efficacy or cost-effectiveness of the vac-
cination in some risk groups was questioned by recently 
published studies [15, 16].

The Vaccination Service of the Local Health Authori-
ty of Udine (Azienda Sanitaria Universitaria Friuli Cen-
trale, ASUFC), FVG, Italy, provides all the vaccinations 
recommended in the PNPV and in the regional docu-
ments, for a catchment area of approximately 530,000 
inhabitants, corresponding to the former province of 
Udine. The health emergency due to the COVID-19 
pandemic, which lasted more than 2 years and officially 
ended in Italy on March 31st, 2022, caused interruptions 
or delays of normal preventive activities because of the 
restrictions imposed by the national and local health au-
thorities on one side [17] and of the diversion of health-
care resources to COVID-19 responses on the other 
(e.g., contact tracing and COVID mass vaccination). 

The objective of this study was to quantify the doses 
of HPV vaccine administered by the Vaccination Ser-
vice of the ASUFC from the vaccine approval by the 
European Medical Agency to the end of 2022 (i.e., 
to examine the HPV-vaccine-related workload from 
the Vaccination Service perspective) and to describe 
the persons vaccinated against HPV and the vaccina-
tion coverage in target populations (i.e., to examine 
the public health performance, the temporal and the 
geographical variability from a population perspective). 
In addition, we aimed to assess the impact of the CO-
VID pandemic on the HPV vaccination activity and to 
evaluate any differences in the coverage of adolescents 
across different subareas or pediatricians. 

METHODS
This population-based retrospective cohort study 

used the Regional Health Information System (RHIS) 
of FVG as the source of information. The RHIS is a 
data warehouse including many anonymized health-re-
lated administrative databases which can be determin-

istically linked to one another through a stochastic key 
that is univocal at the person level in all databases. In 
detail, in this study, we used the list of all the potential 
healthcare beneficiaries, the residence database, the 
vaccination database, and the cervical cancer screening 
and cervical histology databases.

The study was focused on the subset of the FVG Re-
gion corresponding to the former administrative prov-
ince of Udine. 

Two different analyses were conducted. In the first, 
we extracted data on all the HPV vaccination doses 
administered from 2008 (when it started being offered 
in FVG) to 2022 (the most recent complete year with 
available data) and stratified them by calendar year, 
age, and sex of the vaccinated person. The purpose 
of this analysis was to describe the HPV vaccination-
related activity in the ASUFC Vaccination Services, 
to highlight modifications and peculiarities in the age 
at administration, to show differences by sex, and to 
identify temporal fluctuations in the number of admin-
istered doses (Vaccination Service perspective).

The second analysis aimed to show HPV vaccination 
coverage among the population born between 1998 and 
2009 and living in the ASUFC area as of December 
31st, 2022. Only vaccinations administered to persons 
in the cohort were included in the analysis (population 
perspective). HPV vaccination cycles were considered 
complete if two doses were administered to adolescents 
<15 years of age or if three doses were administered 
to older young persons (i.e., 15-24 years of age). We 
calculated the coverage with complete cycles as well as 
coverage with at least one HPV vaccine dose (incom-
plete cycle). Coverages were expressed as percentages 
of the population as of December 31st, 2022 and were 
calculated by birth cohort, sex, District and primary 
care paediatrician. Although the HPV vaccination is a 
Vaccination Service’s responsibility, we were interested 
to assess the variability across primary care paediatri-
cians because they can influence coverages, either rec-
ommending or discouraging vaccination.

We also quantified women who started a vaccina-
tion cycle after receiving a diagnosis of CIN2+ lesion 
through the screening program and assessed whether 
their number changed in time.

All analyses were conducted using SAS Enterprise 
Guide v 7.15 (SAS Institute Inc., Cary, NC, USA).

The study was approved by the Ethics Committee of 
the Friuli Venezia Giulia Region on March 14th, 2023 
(Parere CEUR-2023-Os-40). All the data in the data 
warehouse used in the analysis were anonymous, thus 
subjects could not be identified and no informed con-
sent could be sent.

RESULTS
The Vaccination Services of the ASUFC adminis-

tered 82,279 HPV vaccine doses to females ≥10 years 
of age from 2008 to 2022 and 25,724 doses to males 
≥10 years of age from 2015 to 2022 (Tables 1 and 2). 
Approximately 1.5% of the overall doses administered 
to females and 3.3% of those administered to males 
regarded persons >45 years of age; the maximum age 
of persons being vaccinated was 78 in women and 84 
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in men. In the first years, the maximum number of 
doses were administered to 11-year-olds; however, pro-
gressively more and more doses were administered to 
12-year-olds, and since 2017 the maximum number of 
doses have been administered at age 12. 

In 2020 and 2021 there was a sharp decrease in HPV 
vaccination activity, as shown by the number of admin-

istered doses in females (from 6,904 in 2019 to 5,027 in 
2020 and 4,591 in 2021), and even more in males (from 
6,989 in 2019 to 4,384 in 2020 and 3,812 in 2021). Sur-
prisingly, vaccinations in women >45 were not reduced 
during the pandemic.

From 2015 to 2022, 651 women started their HPV 
vaccination cycle after a diagnosis of CIN2, CIN3 or 

Table 1
Human papilloma virus (HPV) vaccination doses administered by the Vaccination Services of ASUFC in the former Italian province 
of Udine, females

Calendar year

Age 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 Total

10 73 1,386 672 442 589 425 186 168 41 13 18 20 2 2 12 4,049

11 1,011 3,655 2,378 2,721 3,037 3,022 2,677 1,991 1,856 992 990 1,027 384 141 163 26,045

12 37 975 711 805 1,073 798 813 598 540 1,164 1,902 1,515 801 435 1,554 13,721

13 17 109 173 160 273 170 176 133 93 258 191 500 350 643 1,922 5,168

14 396 2,220 1,900 1,343 285 186 220 109 103 238 163 113 47 221 903 8,447

15 2,287 2,916 2,234 2,611 941 157 175 106 81 282 188 102 54 38 113 12,285

16 90 686 350 275 332 111 80 73 44 249 210 140 64 43 83 2,830

17 76 214 103 81 98 108 46 39 41 180 148 89 61 41 53 1,378

18 34 74 42 46 72 61 16 22 19 61 91 34 33 27 36 668

19 16 27 22 13 31 29 10 6 6 32 52 41 27 18 30 360

20 8 14 12 16 14 15 16 6 15 17 28 42 25 21 33 282

21 8 9 10 9 26 19 12 7 5 23 31 49 13 19 20 260

22 7 5 6 10 13 10 13 5 8 7 41 57 28 15 45 270

23 3 7 7 7 13 11 21 17 10 14 46 57 32 17 38 300

24 8 5 4 5 13 5 11 9 9 34 46 69 57 48 45 368

25 3 10 2 11 10 19 20 37 19 44 71 48 46 33 60 433

26 6 2 2 3 5 9 15 29 32 33 51 50 33 37 26 333

27 1 0 0 3 4 13 11 18 23 14 36 62 34 23 21 263

28 0 0 1 1 3 3 9 18 18 21 40 75 62 32 29 312

29 0 3 0 3 2 1 8 16 9 11 31 58 66 43 40 291

30 0 4 1 2 1 4 3 9 9 10 23 33 47 45 64 255

31 0 1 1 0 5 1 7 4 15 10 29 35 49 33 52 242

32 0 0 0 0 3 1 3 10 1 6 21 41 29 38 60 213

33 0 0 0 0 1 5 5 5 10 10 25 36 40 26 38 201

34 0 0 0 2 5 5 2 15 10 7 31 42 36 22 45 222

35 2 1 0 0 4 1 0 7 11 7 33 35 40 27 35 203

36 0 0 0 0 2 2 1 7 9 6 27 19 35 33 34 175

37 0 1 0 0 2 3 2 4 4 14 33 39 26 32 41 201

38 0 0 0 0 0 0 1 4 11 10 11 37 36 33 39 182

39 0 0 0 2 2 0 0 2 6 12 27 36 36 18 52 193

40 0 0 0 0 1 1 3 6 9 8 20 36 36 21 29 170

41 0 0 0 0 2 0 0 0 3 4 18 37 24 36 26 150

42 0 0 0 0 1 0 2 5 5 8 14 32 31 14 41 153

43 0 0 0 0 0 6 5 10 6 9 14 24 26 13 25 138

44 0 0 0 0 2 1 1 2 2 9 16 16 28 24 32 133

45 0 0 0 1 0 5 1 3 0 4 15 33 29 23 35 149

>45 0 0 0 1 0 0 1 12 18 40 119 206 240 235 364 1,236

Total 6,091 14,333 10,641 10,584 8,877 7,220 6,586 5,527 5,117 5,878 6,868 6,904 5,027 4,591 8,260 82,279

ASUFC: Azienda Sanitaria Universitaria Friuli Centrale.
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infiltrating cancer and their median age at adminis-
tration of the first dose of vaccine was 40 years (25th 
percentile: 33; 75th percentile: 48). Median time from 
diagnosis to administration of the first vaccine dose was 
199 days (25th percentile: 83; 75th percentile: 595). Of 
304 women with a diagnosis of CIN2+ in 2022, 102 
started a vaccination cycle after being treated (33.5%): 

28 out of 75 women with a CIN2 diagnosis (37.3%), 73 
out of 196 with a CIN3 diagnosis (37.2%), and 1 out of 
33 with infiltrating cancer (3.0%).

Figure 1 shows the increase in time in the number of 
cycles started in women >45, among whom the cost-
effective of the vaccine has not been proved. The num-
ber increased steeply from 2018, when the vaccine was 

Table 2
Human papilloma virus (HPV) vaccination doses administered by the Vaccination Services of ASUFC in the former Italian province 
of Udine, males

Calendar year

Age 2015 2016 2017 2018 2019 2020 2021 2022 Total

10 54 39 10 19 19 2 1 12 156

11 578 1,423 922 991 960 350 128 150 5,502

12 7 666 1,227 1,865 1,526 681 398 1,477 7,852

13 13 58 357 226 510 364 596 1,777 3,903

14 5 41 197 179 84 41 221 893 1,665

15 5 39 146 304 246 39 21 99 899

16 5 23 130 306 409 118 37 79 1,107

17 1 21 68 196 198 117 39 60 700

18 0 5 42 111 110 44 43 30 385

19 0 3 14 53 74 34 21 33 232

20 1 4 5 41 49 31 19 15 165

21 0 2 16 47 41 39 18 41 204

22 2 0 13 38 60 29 16 23 182

23 0 1 7 31 70 44 18 22 197

24 2 3 21 47 65 39 27 23 227

25 3 7 13 35 43 42 21 27 192

26 0 10 9 21 25 16 18 16 118

27 2 1 4 19 19 9 10 10 74

28 3 6 1 17 14 20 4 15 82

29 1 3 2 6 17 12 7 14 63

30 0 2 6 15 10 8 5 12 58

31 0 3 7 17 13 11 5 11 67

32 2 1 6 18 13 13 2 28 83

33 3 5 6 21 17 6 5 19 82

34 0 2 3 16 15 4 7 7 54

35 0 1 13 12 12 10 9 4 61

36 0 5 7 21 7 7 2 12 61

37 0 2 4 12 13 3 7 7 48

38 2 1 6 7 19 10 8 8 64

39 0 4 1 16 15 3 2 7 48

40 2 3 4 8 21 5 1 3 48

41 2 1 14 17 10 18 5 7 74

42 1 2 6 18 12 13 9 2 65

43 1 2 3 17 14 7 4 12 60

44 0 3 12 10 21 18 5 8 77

45 0 0 6 18 15 8 5 6 58

>45 3 35 112 226 204 113 47 100 842

Total 2,713 4,443 5,437 7,039 6,989 4,348 3,812 7,091 25,755

ASUFC: Azienda Sanitaria Universitaria Friuli Centrale. 
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offered free of charge in the FVG Region, and only 
slightly decreased in 2021 during the COVID pandem-
ic (on the other hand, the number of CIN2+ diagnoses 
did not show an increasing pattern: 280 in 2018, 278 in 
2019, 270 in 2020, 271 in 2021, and 304 in 2022). Of 
479 HPV vaccine cycles started before 2022 in women 
>45, which were expected to be complete at the end of 
2022, only 56 (11.7%) were not.

Table 3 shows vaccination coverage among young 
females and males born between 1988 and 2009 and 
living in the ASUFC catchment area as of December 
31st, 2022. Relatively good coverages with complete 
vaccination cycles were obtained starting with the birth 
cohort of 1993 (≥60% up to the cohort of 2007, with a 
peak of 72% in the cohorts of 2005 and 2006). Among 
males, coverages started to increase very slowly up to 
the cohort of 2004, in which 56% of males were vac-
cinated with complete cycle, and reached a peak of 67% 
in the cohort of 2006. The coverage with incomplete 
cycles was always higher, indicating that, in every co-
hort, a part of the persons interrupted the cycle. Cover-
ages were slightly decreased in boys and girls from the 
cohorts of 2008, who were expected to be fully vacci-
nated during the pandemic, and 2009, who missed the 
second dose and were planned to be caught up in 2023 
for cycle completion.

Figure 2 shows the differences across sub-areas 
(Health Districts A-I) in the coverage with complete 
cycles for the 2006 cohort, registering the highest values 
ever in the ASUFC area, the cohort 2007, which should 
have started the cycle before the pandemic and con-

cluded it before or during the pandemic, and the 2008 
cohort, which should have received the complete cycle 
during the pandemic. In the 2006 cohort, the differ-
ences among Districts were slight, although becoming 
much more evident in the two younger cohorts, indicat-
ing a differential capacity of maintaining or recovering 
the activities during and after the pandemic. If we con-
sider coverage with ≥1 dose, however, differences among 
Districts are smaller (2006 cohort: 64.6%-89.2%; 2007 
cohort: 63.4%-82.4%; 2008 cohort: 44.8%-82.0%).

High variability was also observed in coverage across 
paediatricians; the full-cycle coverage for the 2008 co-
hort, for example, ranges between 30.0% and 81.6% 
(data not shown).

DISCUSSION
This analysis shows that in a few years after the ap-

proval of the HPV vaccine by EMA, vaccination activity 
increased dramatically in this Northeastern Italian area, 
with coverages among adolescents and young adults 
reaching higher and higher values from the oldest co-
horts, vaccinated in the initial period, and the younger 
ones. In this area, complete cycle coverages were simi-
lar to those reported for the larger FVG Region at the 
end of 2021, and for most cohorts higher than Italian 
values [18]. Our coverages are also consistent with 
those reported in a US survey [19], and even higher in 
some female cohorts.

Our data show very clearly that vaccination in boys 
started with a delay of several years after girls started to 
be vaccinated, consistently with the evolution of the im-

Figure 1
Number of human papilloma virus (HPV) vaccination cycles started among women >45 years of age by year, former province of 
Udine, Italy.
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munization schedules of the FVG Region [12], which 
anticipated the national schedule extending to boys the 
recommendation of HPV vaccination [3]. However, 
soon since 2015, coverages approached those obtained 
among girls. In 2019, the number of HPV doses admin-
istered was virtually identical among males and females, 
but the impact of the COVID pandemic on HPV vac-
cination was much more evident among males (from 
almost 7,000 doses in 2019 to less than 4,500 in 2020 
and less than 4,000 in 2021) than among females (from 
almost 7,000 in 2019 to 5,000 in 2020 and approxi-
mately 4,600 in 2021). The impact of the COVID pan-
demic on HPV vaccination in boys, as well as the need 
to catch up on adolescents that missed doses during 
the pandemic, were also highlighted in Germany [20]. 
In 2022 the activity returned to pre-pandemic levels in 
males (7,000 doses) and even higher in females (more 
than 8,000 doses), indicating the catch-up implementa-
tion in the ASUFC area was effective. 

Interestingly, more than 3% of all doses administered 
in 2022 regarded persons >45 years of age. 

Vaccinations in persons >45 decreased during the 

COVID pandemic among men, but not among wom-
en. In fact, adult women who were vaccinated likely 
belonged to the group that was diagnosed and treat-
ed for a CIN2+ cervical lesion (more than 600 were 
diagnosed thanks to the organized regional screening 
program as well as in other circumstances): although 
screening activity was also reduced during the pan-
demic [21], the program was completely interrupted in 
Friuli Venezia Giulia only for few months, so CIN2+ 
lesions continued to be detected. On the other hand, 
adult men requesting HPV vaccination were more likely 
to be MSM or other groups with high-risk behaviours, 
among whom the need for vaccination could have been 
reduced during the pandemic because of the restriction 
imposed by Governments regarding travelling and so-
cial events [22]. 

Our data also show that even within a relatively 
small study area (approximately 530,000 inhabitants 
on 5,000 km2), high variability may exist in vaccination 
coverage and in the ability to catch up on boys and 
girls with missed doses. Baseline coverage differences 
may depend on organizational differences in the local 

Table 3
Coverage with complete human papilloma virus (HPV) vaccination cycles and with ≥1 HPV vaccine dose in the population of the 
ASUFC catchment area born from 1988 to 2009 and living in the former Italian province of Udine as of December 31st, 2022, by 
birth cohort and sex

Females Males

Birth cohort Population
Dec 31, 2022

Coverage 
complete 

cycle

Coverage
at least
1 dose

Population
Dec 31, 2022

Coverage 
complete cycle

Coverage
at least
1 dose

1988 2,607 3.2% 4.0% 2,643 0.3% 0.4%

1989 2,555 3.1% 3.9% 2,584 0.3% 0.7%

1990 2,474 5.1% 6.7% 2,583 0.9% 1.2%

1991 2,460 6.0% 7.1% 2,536 0.4% 0.7%

1992 2,466 8.6% 9.9% 2,568 0.9% 1.4%

1993 2,152 60.2% 62.6% 2,445 0.9% 1.5%

1994 2,226 61.1% 62.8% 2,424 1.4% 1.9%

1995 2,287 61.7% 64.0% 2,479 1.9% 2.4%

1996 2,210 63.8% 65.9% 2,512 2.1% 2.9%

1997 2,231 68.1% 70.5% 2,479 1.5% 2.5%

1998 2,247 70.1% 72.4% 2,544 2.1% 3.1%

1999 2,195 69.7% 71.6% 2,449 2.7% 3.9%

2000 2,314 71.3% 73.9% 2,549 4.6% 6.6%

2001 2,222 70.7% 72.5% 2,428 7.7% 9.8%

2002 2,270 70.0% 72.7% 2,423 10.9% 14.0%

2003 2,224 70.5% 74.2% 2,601 13.0% 19.5%

2004 2,278 71.2% 75.9% 2,435 55.9% 59.9%

2005 2,241 72.2% 76.8% 2,411 65.1% 69.1%

2006 2,255 72.4% 77.6% 2,394 67.3% 71.9%

2007 2,267 67.1% 75.6% 2,322 63.0% 72.8%

2008 2,221 59.3% 71.6% 2,276 53.0% 64.8%

2009 2,304 43.4% 67.2% 2,312 39.4% 61.9%

ASUFC: Azienda Sanitaria Universitaria Friuli Centrale.
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Vaccination Services, the size of their target popula-
tion, the persuasive ability of paediatricians and gen-
eral practitioners, and cultural differences, including 
the population’s attitude towards vaccination. The lo-
cal Vaccination Services of the different sub-area also 
showed different abilities to catch up on boys and girls 
with missed vaccine doses. Organizational issues may 
explain this difference (target population, number of 
available vaccinal ambulatories, human resources). As 
an alternative, the staff of the different Services may 
have been differently involved in the COVID-related 
activities management. Such activities regarded virtu-
ally all the healthcare professionals of all sub-areas in 
the first months of the pandemic but, during the last 
months, were gradually centralized in specific areas, 
where the return to normality was postponed. Finally, 
during the COVID pandemic, a different resource al-
location characterized the various Services, with only 
some of them having to interrupt adult vaccinations.

Regardless of the reasons for the delay in HPV vacci-
nations, in the Health Districts with the lowest coverag-
es, we must actively call on the telephone the boys and 
girls of the 2009 cohort with missed doses and invite 
them to special massive catch-up vaccination sessions. 
In doing so, we must pay attention to timing since we 
ideally want to administer second doses to teens before 
they turn 15. Afterwards, 3 doses are needed to com-
plete the cycle, despite the most recent World Health 
Organization recommendations including a two-dose 
schedule, and even an off-label one-dose schedule, for 
girls and women from 9 to 20 years [23]. In fact, accord-

ing to current evidence, a single dose shows comparable 
efficacy and duration of protection as two doses. As a 
matter of fact, coverages with ≥1 dose were very high 
in all adolescent cohorts and differences across Health 
Districts were less evident, suggesting that single-dose 
coverage is easier to obtain and allows for equity. Thus, 
the Italian Ministry of Health and Regions should con-
sider the tradeoff of switching to the single-dose sched-
ule in adolescents and to the two-dose schedule in the 
age group 15-20. Furthermore, a two-dose schedule in 
women >21 may also increase vaccine take-up in adult-
hood, especially among persons to whom the vaccine is 
not offered free of charge. 

Vaccination after treatment for cervical lesions only 
occurs in one-third of women. Thus, efforts are needed 
to inform women with a CIN2+ diagnosis of the po-
tential benefits of being vaccinated and to schedule an 
appointment to start the cycle. For this aim, a close col-
laboration with gynaecologists is crucial.

The pandemic slowed down most of our routine 
schedules. Nonetheless, it also taught us to be quicker 
and more flexible, manage larger vaccination sessions, 
and pay more attention to communication than be-
fore. Thus, we are confident we will successfully catch 
up on most missed doses and return to pre-pandemic 
HPV vaccine coverage during 2023. For the most effec-
tive prevention of cervical cancer, we will also work to 
strengthen complementary and synergic public health 
programs such as educational interventions and cervical 
screening, as recommended by the World Health Orga-
nization [23].

Figure 2
Coverage with complete human papilloma virus (HPV) vaccination cycles among female and male adolescents born in 2006, 2007, 
and 2009 as of December 31st, 2022 in 9 Health Districts of the Italian former province of Udine.
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Abstract
Introduction. Sarcopenic obesity and hypertension are a public health problem that is 
increasing worldwide due to the progressive aging of the population and the increasing 
prevalence of obesity and physical inactivity. Sarcopenic obesity is characterized by the 
simultaneous presence of sarcopenia (loss of muscle mass) and adiposity (increase in fat 
mass). Because symptoms are not specific, sarcopenic obesity remains largely undiag-
nosed. This review explores the latest research on sarcopenic obesity and its association 
with hypertension, with a focus on arterial stiffness. 
Methods. A comprehensive narrative review was conducted by systematically searching 
PubMed and Scopus databases for relevant scientific literature.
Results. Sarcopenic obesity and hypertension are closely linked, sharing common fac-
tors such as inflammation, insulin resistance, and oxidative stress, with arterial stiffness 
playing a crucial role.
Discussion. Given the lack of specific symptoms for sarcopenic obesity, early diagnosis 
and management are crucial. Treatment strategies should prioritize weight loss, ade-
quate protein intake, and regular physical activity. Further investigation is warranted for 
pharmacological interventions.
Conclusion. Sarcopenic obesity and hypertension present significant challenges to glob-
al public health. Addressing arterial stiffness is paramount in managing these conditions 
effectively. Lifestyle modifications, including weight management and physical activity, 
remain central to the treatment of sarcopenic obesity, while additional research is needed 
to explore potential pharmacological options. 

INTRODUCTION
Sarcopenic obesity is an emerging public health prob-

lem related to the accelerated global ageing of the world 
population, which has increased rapidly over the past 
three decades [1]. Baumgartner was the first to pro-
pose the term sarcopenic obesity [2] as a clinical and 
functional condition characterized by the coexistence 
of sarcopenia (low skeletal muscle mass and function) 
and obesity (excessive fat mass). Sarcopenic obesity is 
considered a unique clinical condition, distinct from 
obesity and sarcopenia alone. 

Loss of skeletal muscle mass and function usually oc-
curs with advancing age and is accompanied by a rela-
tive or absolute increase in body fat. This process favors 
the development and occurrence of sarcopenic obesity 
and leads to many negative clinical complications such 

as frailty, falls, disability, immobility, fractures, car-
diometabolic and respiratory diseases, cancer, and in-
creased mortality [3-5]. Furthermore, obesity, particu-
larly abdominal obesity, can independently lead to loss 
of muscle mass and function due to the negative effects 
of oxidative stress, inflammation, insulin resistance, and 
the presence of chronic non-communicable diseases, all 
of which negatively impact muscle mass [6].

The decline in physical activity and loss of skeletal 
muscle mass and function that accompanies ageing is 
well documented and appears to occur even in relative-
ly weight-stable healthy individuals. Physical inactivity 
is both a major cause and consequence of sarcopenia 
and obesity, which can lead to sarcopenic obesity that 
can be exacerbated by concomitant diseases [7]. Im-
portantly, therapeutic weight loss targeting excess fat 
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inevitably leads to greater loss of skeletal muscle mass, 
which may be more pronounced in individuals with 
predisposing catabolic conditions (ageing, chronic dis-
eases) or with persistent inadequate diet (especially low 
protein intake) and weight fluctuations [8, 9].

However, the lack of universally accepted diagnostic 
criteria for sarcopenic obesity affects patient identifica-
tion and has strong negative implications for preven-
tion and treatment strategies for sarcopenic obesity. 
The diagnosis requires the presence of both altered (i.) 
skeletal muscle function and (ii.) body composition [7].

Assessment of skeletal muscle functional parameters 
is critical to treatment protocols for sarcopenic obe-
sity because it affects patients’ quality of life. Muscle 
strength (e.g., handgrip strength, HGS) and knee exten-
sor strength (adjusted for body mass in the population 
for which data are available) should be the functional 
parameters of choice for the diagnosis of sarcopenic 
obesity [10, 11]. In addition, the chair-stand test (5 
times sit-stand; 30 s chair-stand test) is used to measure 
physical performance and muscle strength. When low 
skeletal muscle function is detected, the diagnosis is fol-
lowed up by body composition determination.

Various definitional and diagnostic criteria for body 
composition have been used to estimate the prevalence 
of sarcopenic obesity. Several studies have detected sar-
copenic obesity using dual-energy x-ray absorptiometry 
(DEXA), which is appropriate for laboratory practice 
but requires expensive equipment that may not always 
be available [4]. In clinical practice, sarcopenic obesity 
is defined by higher fat mass (FM) relative to fat-free 
mass (FFM). The ratio of FM to FFM (FM /FFM) 
>0.8 has been established as an index of sarcopenic 
obesity [12]. FM and FFM are determined clinically 
using bioelectrical impedance analysis (BIA), a tech-
nique widely used in clinical practice [5, 12-17].

Our study aims are to investigate the relationship be-
tween sarcopenic obesity and hypertension and explore 
potential therapeutic strategies. This is motivated by 
the known association between sarcopenic obesity and 
hypertension and the higher prevalence of sarcopenic 
obesity in hypertensive patients.

PATHOPHYSIOLOGICAL PATHWAY  
OF SARCOPENIC OBESITY

Several mechanisms underlie age-related muscle loss, 
including hormonal and neuronal changes, poor nu-
trition, physical inactivity, inflammation, and chronic 
diseases [18]. In addition, the quality of muscle mass 
decreases due to a decrease in fiber size and the num-
ber of fast-type II muscle fibers, a decrease in muscle 
protein synthesis, and mitochondrial function [4]. The 
increasing prevalence of obesity in the elderly indepen-
dently leads to a loss of muscle mass and function, as 
adipose tissue negatively affects skeletal muscle mass 
[4].

In a large sample of men and women, the degree of 
obesity and waist circumference has been shown to 
directly influence inflammation, which in turn contrib-
utes to the development of sarcopenia [19]. Catabolic 
pro-inflammatory cytokines such as interleukin-6 (IL-
6), tumor necrosis factor α (TNF-α), and hormones 

such as leptin and resistin are preferentially released 
from abdominal adipose tissue and can stimulate pro-
tein catabolism in skeletal muscle, which promotes the 
occurrence of sarcopenic obesity [16]. In addition, 
muscle unloading and physical inactivity in older adults 
increase abdominal fat accumulation and associated 
systemic inflammation, oxidative stress, and conse-
quently muscle wasting [16, 20].

On the other hand, sarcopenia can directly increase 
fat accumulation by decreasing overall energy expen-
diture. Obesity and sarcopenia can therefore synergis-
tically reinforce each other, with a vicious cycle of fat 
accumulation and loss of skeletal muscle mass leading 
to immobility, independence, and disability [2, 3, 7]. In 
addition, further increases in hormone levels of leptin, 
which are at least partially dependent on age-related in-
creases in fat mass, may lead to leptin resistance and 
consequently to a reduction in fatty acid oxidation in 
muscle. Subsequently, fat deposition in skeletal muscle 
and other organs such as the heart and liver contributes 
to loss of muscle quality in obese older adults and nega-
tively affects sarcopenia [4, 21]. Deposition of intra-
muscular fat promotes lipotoxicity and inflammation, 
leading to impaired muscle recovery, which in turn can 
promote fibrosis, and thus insulin resistance.

Contractile skeletal muscle produces and releases 
anti-inflammatory myokines and plays an important 
role in counteracting pro-inflammatory effects [22]. 
Anti-inflammatory myokines, including muscle-derived 
interleukin 6 (IL-6), interleukin 8 (IL-8), interleukin 
15 (IL-15), and interleukin-1 receptor antagonist (IL-
1ra), act as antagonists of the overall pro-inflammatory 
burden [23]. Muscle IL-6 was the first myokine identi-
fied and the most-studied myokine exerting extensive 
anti-inflammatory effects [24]. Interestingly, IL-6 from 
adipose tissue has a pro-inflammatory effect, whereas 
IL-6 from skeletal muscle has an anti-inflammatory ef-
fect [25]. Therefore, the release of IL -6 during physical 
activity leads to an increase in the anti-inflammatory IL 
-1ra and IL-10. In most studies dealing with exercise, 
TNF-α does not change and is likely suppressed by 
muscle-derived IL-6, as shown by a modest decrease in 
TNF-α after exercise [21]. This confirms that the anti-
inflammatory effects of regular exercise may protect 
against systemic inflammation [25]. Furthermore, in-
tracellular fat deposition in skeletal muscle is character-
ized by a decrease in anti-inflammatory myokines (IL-
15, IL-8, IL-6), leading to sarcopenia [18]. A vicious 
cycle between skeletal muscle loss and fat gain can 
lead to more sarcopenia and further weight gain. The 
negative clinical consequences of sarcopenic obesity 
are of paramount importance. A progressive increase 
in fat mass is a strong risk factor for poor health status 
and has significant implications for the development of 
hypertension and other cardio-metabolic risk factors 
[10, 6]. These risks may increase with additional loss 
of muscle mass [26]. Consequently, lower muscle mass 
has been repeatedly associated with cardiovascular risk 
factors, including arterial stiffness, suggesting the addi-
tive effects of low muscle mass on blood pressure [26]. 
Thus, sarcopenic obesity and hypertension share com-
mon etiologic mechanisms (Figure 1).
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SARCOPENIC OBESITY AND HYPERTENSION
The interaction of skeletal muscle and adipose tissue 

has been found to play a key role in the regulation of 
blood pressure and the development of hypertension. 
Few studies have investigated and confirmed the asso-
ciation between sarcopenic obesity and hypertension, 
as the ratio of fat mass to fat-free mass is an impor-
tant predictor of hypertension [26, 27]. In addition, low 
muscle mass has been directly associated with cardio-
vascular risk factors, including arterial stiffness [26, 28, 
29], suggesting the effects of low muscle mass on blood 
pressure.

Sarcopenic obesity and its association with arte-
rial stiffness suggest that individuals with lower muscle 
mass and higher fat mass in the general population are 
more likely to have higher blood pressure and sarcope-
nic obese individuals tend to consume higher amounts 
of antihypertensive drugs [30]. There was a significant 
difference in the prevalence of hypertension in older 
adults with sarcopenic obesity compared with individu-
als without sarcopenic obesity [31]. In women, a strong 
association was found between sarcopenic obesity and 
hypertension [32]. In postmenopausal women with sar-
copenic obesity, hypertension was the most prevalent 
chronic morbidity [33]. These findings are consistent 
with other cross-sectional studies showing that individ-
uals with sarcopenic obesity have higher cardio-meta-
bolic risk [34].

The KNHANES series of cross-sectional studies by 
Park [26] found a 6.5-fold higher risk of hypertension 
in sarcopenic obese participants, who had higher sys-
tolic and diastolic blood pressure than participants with 
normal body composition. These results confirm the as-
sociation between sarcopenic obesity and an increased 
risk of hypertension. In this study, the risk of hyperten-
sion associated with sarcopenic obesity was reduced by 
30% after controlling for physical activity.

Several studies have previously reported the ben-
eficial effects of physical activity on hypertension, with 
both systolic and diastolic blood pressure being reduced 
by 5-7 mmHg in people with hypertension [35]. This 
suggests that the pathway by which sarcopenic obesity 
affects hypertension is related in part to physical activ-
ity. On the other hand, it is also possible that physi-
cal inactivity leads to sarcopenic obesity, which in turn 
contributes to the risk of hypertension. One possible 
mechanism by which physical activity affects hyperten-
sive patients is by increasing the quantity or quality of 
skeletal muscle.

In addition, abdominal obesity and sarcopenia nega-
tively affect hypertension. The inflammatory status of 
older adults is associated with higher circulating levels 
of catabolic pro-inflammatory cytokines, even in the ab-
sence of chronic disease [36]. The previously described 
myokine concept suggests that the long-term anti-in-
flammatory effects of physical activity are mediated via 

Figure 1
Pathophysiological mechanisms and consequences of sarcopenic obesity.
Schematic biological pathways leading to sarcopenic obesity during ageing. Ageing is associated with physical inactivity and in-
adequate food intake. These changes contribute to age-related decreases in muscle mass and strength and increases in body fat, 
as well as unfavorable changes such as increased inflammation, oxidative stress, insulin resistance, and an imbalance of pro- and 
anti-inflammatory cytokines. In addition, this can impair skeletal muscle mass and function and lead to numerous adverse cardio-
metabolic effects and hypertension, which in turn contributes to poor health. 
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the effects of exercise leading to a reduction in visceral 
fat mass [21]. Interestingly, a negative correlation was 
found between plasma concentrations of muscle IL-15 
and visceral fat mass [21]. IL-15 inhibits lipid accumu-
lation in adipose tissue, supporting the idea that IL-15 
is involved in reducing visceral fat mass and may play 
an important role in reducing inflammation. Therefore, 
physical activity and the resulting release of myokines 
provide the maintenance of fat stores, muscle mass, 
and metabolic homeostasis, as well as blood pressure 
[34, 37]. Based on these findings, abdominal obesity 
and sarcopenia might potentiate each other to induce 
hypertension.

TREATMENT STRATEGIES FOR LIFESTYLE 
MODIFICATIONS

Lifestyle interventions, including physical activity and 
caloric restriction, are the hallmark of treatment for sar-
copenic obesity. Weight loss or physical activity alone 
has been reported to improve physical function. How-
ever, a combination of weight loss and physical activity 
was the more effective method for improving physical 
function and frailty [38].

PHYSICAL ACTIVITY 
Physical activity is important to maintain skeletal mus-

cle mass. In particular, aerobic exercise and resistance 
training are the most beneficial types of exercise to re-
duce fat mass and increase lean mass in overweight and 
obese individuals of all ages and genders [39]. Aerobic 
exercise, resistance training, and their combination have 
been shown to increase muscle protein synthesis in older 
adults despite age-related decreases in anabolic signal-
ing [40]. In addition, aerobic activity and resistance 
training counteract inflammation and improve glucose 
metabolism, and insulin sensitivity, which may attenuate 
the progression of sarcopenic obesity [40, 41]. Aerobic 
activity decreases the negative effects of fat deposition 
in skeletal muscle and promotes lipolysis, leading to an 
increase in capillary density, which in turn stimulates mi-
tochondrial production [41-45]. Importantly, 24 weeks 
of aerobic and resistance training in older women with 
sarcopenic obesity reduced carotid intima-media thick-
ness and improved carotid flow velocity, resulting in a 
lower risk of cardiovascular disease [46].

SMOKING AND PSYCHOLOGICAL DISTRESS
Cigarette smoking contributes to the development of 

sarcopenia [47], obesity [48], and hypertension [49]. 
Therefore, smoking cessation is an important interven-
tion step for this specific patient population.

Psychological distress leads to elevated cortisol levels 
and promotes adipogenic processes, as well as excessive 
consumption of high-calorie, high-fat, and high-sugar 
foods [50]. Recently, several interventions that com-
bined cognitive behavioral therapy with mindfulness 
reported successful weight loss during the 18-month 
follow-up period [51].

NUTRITION-RELATED INTERVENTIONS
Strategies that optimize protein anabolism during 

weight loss, such as consumption before exercise or 

distribution of protein intake throughout the day, can 
prevent weight loss-induced sarcopenia [52, 38]. An 
adequate protein intake of 1.0-1.2 g/kg body weight 
per day should be provided for healthy non-geriatric 
individuals, while a higher intake of 1.2-1.5 g/kg body 
weight per day is recommended for high-risk patients 
with acute or chronic diseases [53, 54]. Higher doses of 
up to 2.2 g/kg/day are used only in obese patients under 
acute metabolic stress in the intensive care unit [54]. 
The general approach to nutrition in sarcopenic obese 
patients is to decrease caloric intake (hypocaloric diet) 
while increasing protein intake to prevent further loss 
of muscle mass [55]. The use of protein supplements is 
recommended when adequate food intake is not pos-
sible [56, 57].

Omega-3 long chain polyunsaturated fatty acids sup-
plementation has been shown to enhance lower-body 
strength and functionality in older adults, without im-
pacting lean mass, walking performance, or upper body 
strenght [58, 59]. Additionally, the inclusion of creatine 
supplementation in resistance training for older adults 
has resulted in increased lean tissue mass and significant 
improvements in both upper and lower body muscular 
strength [60]. On the other hand, there is insufficient 
evidence to support the use of β-hydroxy-β-methyl bu-
tyrate (HMB) supplementation for increasing or retain-
ing skeletal muscle mass, enhancing muscle strength, 
or improving physical function in patients with sarco-
penia or older individuals [61]. Similarly, vitamin D 
supplementation has not been shown to improve lower 
extremity function [62]. The use of coenzyme Q10, 
which has potential muscle-specific antioxidant and 
anti-inflammatory effects, in patients with sarcopenia is 
subject to an ongoing debate, as there is currently a lack 
of clinical trials confirming these effects [63].

In addition, some studies have shown that increased 
consumption of vegetables and fruits [64], dietary fi-
ber [65], carotenes, and vitamins C and E [66] may 
also lead to a lower risk of sarcopenia. Interestingly, 
regular coffee consumption has been associated with a 
lower prevalence of sarcopenia [67]. Moreover, chron-
ic coffee consumption has not been associated with an 
increased risk of hypertension [68], and several stud-
ies have shown no significant increase in systolic and 
diastolic blood pressure among hypertensive patients 
[69].

POTENTIAL PHARMACOLOGICAL 
APPROACHES

Currently, there is no specific pharmacological treat-
ment for sarcopenic obesity. However, several potential 
pharmacological approaches have been proposed and 
discussed for patients with sarcopenic obesity and hy-
pertension.

The drugs most commonly used in hypertension 
therapy are inhibitors of angiotensin converting enzyme 
(ACE), which converts angiotensin I to angiotensin II. 
Angiotensin II binds to AT1 receptors and leads to gen-
eralized vasoconstriction, increased noradrenaline re-
lease, secretion of aldosterone from the adrenal cortex, 
tubular reabsorption of Na+ ions, and growth of cardiac 
and vascular cells [70]. Thus, ACE inhibitors reduce 
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arterial pressure in hypertensive patients by affecting 
capacitance and resistance vessels and reducing cardiac 
workload. Interestingly, the common isoform of ACE is 
found on the surface of endothelial cells, thus particu-
larly abundant in lungs due to the large endothelial sur-
face area. However, ACE is also found in other vascular 
tissues, including striated muscle, and is not restricted 
to endothelial cells. Moreover, angiotensin receptors are 
not only bound to cell membranes but have also been 
identified on mitochondrial membranes [71]. Altered 
mitochondrial angiotensin signaling leads to changes 
in angiotensin receptor expression, mitochondrial nitric 
oxide production, and altered cellular respiration associ-
ated with age-related mitochondrial dysfunction [71].

ACE inhibitors and angiotensin receptor blockers 
(ARBs) are discussed as potential therapies to reduce 
the development of sarcopenia [72]. In fact, ACE in-
hibitors are safe, approved, and widely-used drugs and, 
therefore, are probably the preferred therapeutic option 
for sarcopenic obesity with hypertension. Indeed, some 
studies have shown that hypertensive patients treated 
with ACE inhibitors have a significantly slower decline 
in muscle strength and higher lower limb muscle mass 
compared with patients treated with other antihyper-
tensive agents [73]. One study also showed an improve-
ment in physical performance on the 6-minute walk dis-
tance test in the elderly [74]. However, ACE inhibitors 
did not provide additional benefits to physical function 
when added to a standard exercise training program in 
functionally impaired older people [75]. A study in sar-
copenic elderly patients receiving perindopril, an ACE 
inhibitor, over a 12-month period showed no improve-
ment in physical performance or muscle mass [76]. 
Another trial (The ACES Trial, NCT03295734) is cur-
rently underway to evaluate the effect of three first-line 
antihypertensive agents: the ACE inhibitor perindopril, 
the angiotensin AT1 receptor antagonist losartan, and 
the thiazide diuretic hydrochlorothiazide on potential 
improvement in the self-paced gait speed [77]. In sum-
mary, the existing evidence does not support the use 
of ACE inhibitors or angiotensin receptor blockers as 
a single intervention to improve sarcopenia or exercise 
capacity in elderly obese patients.

Treatment with anabolic androgenic steroids such 
as testosterone improved muscle performance in el-
derly men with sarcopenia, as described by increases in 
maximal voluntary muscle strength [78], improvement 
in 6-minute walk test distance, and self-reported walk-
ing ability [79, 80]. However, the risk of adverse events 
associated with testosterone use must be considered, 
such as increased risk for thrombosis and cardiovascular 
events, prostatic hyperplasia with related urinary tract 
symptoms, and prostate cancer, among others [81, 82].

The antidiabetic drug metformin can slow the pro-
gression of sarcopenia by inhibiting NFkappaB inflam-
mation, reducing oxidative stress, regulating lipid me-
tabolism, and activating AMPK-dependent signaling, 
leading to the restoration of muscle size and function 
[83, 84].

There are also several experimental drugs in the pipe-
line that may be useful as potential therapeutics in the 
future. Ghrelin mimetics can reduce muscle loss under 

catabolic conditions by increasing pulsatile growth hor-
mone secretion and decreasing inflammatory cytokines 
secretion [85]. Thus, ghrelin mimetics can increase fat-
free mass and improve muscle function [86]. Another 
attractive approach is the inhibition of myostatin sig-
naling pathways, either by monoclonal antibodies tar-
geting myostatin or by antagonists of activin receptors. 
Myostatin is a negative regulator of muscle mass and 
transmits its effects by binding to activin receptors on 
the muscle membrane. Indeed, anti-myostatin antibod-
ies have increased muscle mass and strength in mice 
[87]. Unfortunately, clinical trials have not been suc-
cessful to date.

In the context of pharmacotherapy of sarcopenic 
obesity, we should also consider anti-obesity drugs. 
However, many appetite suppressants were withdrawn 
from clinical use due to serious adverse effects, such as 
dexfenfluramine, fenfluramine, and sibutramine. Their 
mechanism of action is to inhibit the noradrenaline and 
serotonin reuptake transporters, thereby increasing the 
levels of both neurotransmitters in the neuronal synaps-
es of the hypothalamic region that controls food intake 
[88]. Similarly, lorcaserin acts as a selective agonist of 
serotonergic receptors 5HT2C in the hypothalamus and 
suppresses appetite. It is used as an adjunctive phar-
macotherapy to diet and improved weight loss, but pa-
tients regained weight after discontinuation [88, 89]. 
Another approach is to inhibit pancreatic lipases, which 
break down dietary fat into fatty acids and glycerol in 
the gastrointestinal tract. One such drug is orlistat, 
which is currently the only approved drug for the treat-
ment of obesity. Orlistat inhibits intestinal absorption 
of 30% of triglycerides, and resulted in 5-10% greater 
weight loss than in the placebo group [90]. 

While several potential pharmacological approaches 
have been proposed and discussed for sarcopenic obe-
sity, none have been fully successful to date.

CONCLUSIONS
One of the main reasons for the growing research in-

terest in sarcopenic obesity is the increasing ageing of 
the world population associated with chronic diseases 
that share common pathophysiological aspects. Ac-
cording to the results of the studies included in this re-
view, both sarcopenic obese men and sarcopenic obese 
women have higher blood pressure than individuals 
who are only obese or sarcopenic. Further studies are 
needed to develop an effective treatment for sarcopenic 
obesity in clinical practice.
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STORIA DELLA SALUTE
Da privilegio a diritto
Giovanni Berlinguer
Firenze: Giunti Editore; 2011.
312 p.
ISBN 978-88-0905-365-6
€ 16,00

LA SALUTE SOSTENIBILE
Perché possiamo 
permetterci un Servizio 
sanitario equo ed efficace
Marco Geddes da Filicaia
Roma: Il Pensiero Scientifico; 
2018.
180 p.
ISBN 978-8849006117
€ 18,00

In the last months, the Ministry of Health initiated 
a general reflection on some of the most relevant and 
urgent issues dealing with continuous transformation of 
the Italian National Health System (NHS). Analogous 
changes and ongoing discussions are underway in most 
of the National Health Systems at European and inter-
national level. 

The Italian National Institute of Health (Istituto Su-
periore di Sanità, ISS) is actively participating in the 
debate, given its role as the technical biomedical branch 
of the Italian NHS. At least from an historical point 
of view, we found worth mentioning those two books, 
whose editorial roles may represent a sort of landmark, 
useful for the ongoing present discussions. The COVID 
pandemics triggered a series of debates, therefore its 

formal end is witnessing some substantial changes of 
perspectives and planned strategies at national, supra-
national and global level. These two books may there-
fore be helpful to the present discussion, despite their 
point of view and resulting perspectives may appear bi-
ased or even old-fashioned for some.

Giovanni Berlinguer exerted a major technical and 
political role in the years when the NHS was estab-
lished (Law n. 833, 1978). A Medical Doctor, he cov-
ered the chair of Physiology and Occupational Hygiene 
(Fisiologia e Igiene del Lavoro) at “La Sapienza” Uni-
versity of Rome. Senator of the Italian Republic for a 
long time since 1983, he was a very active member of 
the International Committee of Bioethics of UNESCO 
(2001-2007) and in the Commission on the social de-
terminants of Health (World Health Organization - 
WHO, 2005-2008).

His book is a rather exhaustive, yet brief compendium 
of the history of the social relevance of health, starting 
from the Middle-Age times, reviewing major historical 
epidemics, emerging diseases, and the origin and devel-
opment of the WHO, including some hints on the role 
exerted by scientific biomedicine and social sciences in 
the recognition and coping with occupational diseases.

Marco Geddes da Filicaia’s book is instead an at-
tempt to reasoning on the recent economical, strategi-
cal and social factors having shaped and still shaping 
our national NHS. It reviews a few recent trends of the 
Italian NHS, such as level of general taxation, expens-
es due to personnel, the necessities of minor or major 
adjustments, etc. The economical calculations fade in 
some hot ethical aspects of contemporary biomedicine 
and public health. It may sound a rather biased (for 
some critics, a slightly superficial) analysis, however 
its reading may be useful since it represents a rather 
shared perspective among those active within the NHS 
itself. 

Enrico Alleva* and Stella Falsini
Centro di Riferimento per le  

Scienze Comportamentali e la Salute Mentale
Istituto Superiore di Sanità, Rome, Italy

*Vice-President of Consiglio Superiore di Sanità

enrico.alleva@iss.it
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AGRUMI: UNA STORIA  
DEL MONDO
Giuseppe Barbera
Milano: Il Saggiatore; 2023 
288 p.
ISBN 9788842831815
€ 25,00

Why reviewing a book about citrus in a public-health 
journal? Because what was called “the disease of the 
sea”, which affected for a very long-time scores of sail-
ors after long navigation, and which was added to ty-
phus and dysentery infections, is definitely part of the 
history of medicine. “Sovratutte le altre sciagure questa che 
era la pegiore”, (“above all other misfortunes this was the 
worst”), as judged by Antonio Pigafetta in the report 
vividly narrating the journey he made around the world 
between 1519 and 1522 by Ferdinando Magellano. 

The scurvy symptoms he described were: “cressivano 
le gengive sovra li denti, così de soto como de sovra, che per 
modo alguno non potevano magiare e cossì morivano” (“the 
gums grew over the teeth, both below and above, so 
that in no way they could eat and so they died”).

The deaths have been estimated around two million, 
and it was a disease known from ancient times, perhaps 
already defined in the symptomatology by Hippocrates 
himself, which explodes in the centuries 500 and 600 in 
the long-lasting navigations to trace merchant routes, 
looking for lands to explore and colonize, new “exotic” 
goods to trade. It scourged the most important travels. 

During the globe circumnavigation of Magellan at-
tended by Pigafetta, 80% of the sailors died. As with 
many illnesses that have tormented the history of medi-
cine, in reality, the remedies were (very) partially known 
and the demand from orange by patients was one of the 
main therapeutic cornerstones. 

The fruits of the citrus were particularly effective (es-
pecially lemons). They resisted inside the galley for long 
navigations and could be cultivated in the tropical lands 
that the routes lined. It was thanks to the Jesuits that 

citrus fruits arrived in Brazil, but also in Madagascar 
and Saint Helena. In the following century, the British 
found out the specificity of the disease and its possible 
remedies after George Andson’s expedition from Ports-
mouth in 1740 had lost 1300 sailors out of 2000 in the 
first ten months. Attention grew after 133,708 deaths, 
mainly from this pathological condition among sailors 
enlisted by the Royal Navy (184,899).

However, the “formalized” discovery was thanks to 
the clinical trial conducted by the Scottish physician 
James Lind, based on a clever comparison of different 
therapies. The experiment, with a group of “supercon-
trol” which was provided with cider, while other control 
groups (two individuals each) of patients were adminis-
tered vinegar. Only the lemon-fed pair recovered symp-
toms. 

But still the success of citrus fruits was not imme-
diately recognized and several alternative treatments 
proliferated, none supported by the tests of an experi-
mental method. In the meantime, however, the times 
of navigation changed and the principle responsible for 
defending against scurvy was eventually found by Al-
bert Szent-Györgyi who in his studies of organic chem-
istry had isolated from orange an acid that was called 
“vitamin C”. He received therefore a deserved Nobel 
Prize in 1937.

It is a history of experimental medicine that must be 
celebrated, and this beautiful book by Barbera makes it 
an acute and truly flowing narrative. It indeed represents 
a crucial step while enlightening on the methodological 
paths still covered by contemporary biomedicine.

By the way, the book does much more than simply 
prospect the “medical role” of the citrus fruits. It is 
pleasantly about the history and myths of those fruits, 
from the garden of Hesperides to Alexander the Great, 
Theophrastus and the Holtzman biblical tradition. The 
role of oranges and other citrus fruits as ornamental 
plants is nicely described as central scenario of the 
Amalfi and Sorrento landscapes and the contemporary 
role of oranges in the United States closes the book. As 
a whole, its reading is recommended. 

Enrico Alleva and Stella Falsini
Istituto Superiore di Sanità 

Rome, Italy

enrico.alleva@iss.it
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FOOD AND AGRICULTURE ORGANIZATION 
OF THE UNITED NATIONS (FAO)

Contribution of terrestrial animal source food to 
healthy diets for improved nutrition and health 
outcomes. An evidence and policy overview on 
the state of knowledge and gaps. Rome: Food and 
Agriculture Organization of the United Nations 2023; 
296 p. ISBN 978-92-5-137536-5. FAO’s Committee on 
Agriculture requested a comprehensive, science- and 
evidence-based global assessment of the contribution 
of livestock to food security, sustainable food systems, 
nutrition and healthy diets, considering environmental, 
economic and social sustainability. The assessment fol-
lows an agrifood systems approach and applies a One 
Health perspective to the economic, social and environ-
mental dimensions when reviewing how the livestock 
sector contributes to the 2030 Agenda for Sustainable 
Development. It will consist of four component docu-
ments. This first component document focuses on the 
downstream impacts of terrestrial animal source food 
consumption as part of healthy diets and provides a ro-
bust systematic review of the evidence for its contribu-
tion to health and nutrition outcomes.

The State of Food and Agriculture 2022. Lever-
aging agricultural automation for transforming 
agrifood systems. Rome: Food and Agriculture Or-
ganization of the United Nations 2022; 182 p. ISBN 
978-92-5-136043-9. The State of Food and Agriculture 
2022 looks into the drivers of agricultural automation, 
including the more recent digital technologies. Based 
on 27 case studies, the report analyses the business case 
for adoption of digital automation technologies in dif-
ferent agricultural production systems across the world. 
It identifies several barriers preventing inclusive adop-
tion of these technologies, particularly by small-scale 
producers. Key barriers are low digital literacy and lack 
of an enabling infrastructure, such as connectivity and 
access to electricity, in addition to financial constraints. 
Based on the analysis, the publication suggests policies 
to ensure that disadvantaged groups in developing re-
gions can benefit from agricultural automation and that 
automation contributes to sustainable and resilient ag-
rifood systems.

The impact of microplastics on the gut microbi-
ome and health – A food safety perspective. Food 
Safety and Quality Series, No. 21. Rome: Food and Ag-
riculture Organization of the United Nations 2023; 58 
p. ISBN 978-92-5-137807-6. With a food safety focus, a 
scientific literature review was conducted to character-

ize the current understanding about the effects of mi-
croplastics on the gut microbiome and potential health 
implications. The main aspects analysed are the ef-
fects of microplastics on the composition, diversity and 
function of gut microbiome using in vitro and in vivo 
models; health implications resulting from the micro-
plastic–microbiome interactions and underlying mecha-
nisms; the establishment of causality; and influence of 
the gut microbiome on microplastic biodegradation. 
The research was also scoped to identify current gaps, 
limitations and needs for the eventual consideration of 
microbiome-related data in chemical risk assessment.
This work contributes to the FAO global programme on 
the impact of food systems on NCDs and obesity, by 
understanding the potential health implications of gut 
microbiome–microplastic interactions. The outcomes 
will provide information which can be used to improve 
food safety policies.

UNITED NATIONS EDUCATIONAL, 
SCIENTIFIC AND CULTURAL 
ORGANIZATION (UNESCO)

Open data for AI: what now? Paris: UNESCO Pub-
lishing 2023; 64 p. ISBN 978-92-3-100600-5. The aim 
of these guidelines is to apprise Member States of the 
value of open data, and to outline how data are curated 
and opened. Member States are encouraged not only to 
support openness of high-quality data, but also to em-
brace the use of AI technologies and facilitate capacity 
building, training and education in this regard, includ-
ing inclusive open data as well as AI literacy. The report 
has been produced through an extensive literature re-
view and consultations with stakeholders, followed by a 
peer review process. It outlines concrete steps that can 
assist Member States in opening up their data, divided 
into three phases: preparation; opening of the data; and 
follow up for reuse and sustainability; with each phase 
consisting of four steps. These guidelines follow up on 
the UNESCO Recommendation on the Ethics of Arti-
ficial Intelligence.  

 

JOINT UNITED NATIONS PROGRAMME  
ON HIV/AIDS (UNAIDS)

UNAIDS data 2022. Geneva: United Nations Pro-
gramme on HIV/AIDS 2022; 446 p.  Every year UN-
AIDS provides revised global, regional and country-
specific modelled estimates using the best available epi-
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demiological and programmatic data to track the HIV 
epidemic. Modelled estimates are required because it is 
not possible to count the exact number of people living 
with HIV, people who are newly infected with HIV or 
people who have died from AIDS-related causes in any 
country: doing so would require regularly testing every 
person for HIV and investigating all deaths, which is lo-
gistically infeasible and ethically problematic. Modelled 
estimates—and the lower and upper bounds around 
these estimates—provide a scientifically appropriate 
way of describing HIV epidemic levels and trends.

INTERNATIONAL LABOUR ORGANIZATION 
(ILO)

The value of essential work. World Employment 
and Social Outlook 2023. Geneva: International 
Labour Organization 2023; 281 p. ISBN 978-92-
2-036650-9 (print) ISBN 978-92-2-036651-6 (web 
PDF). The COVID-19 pandemic has underscored the 
extent to which economies and societies depend on key 
workers. It has also highlighted how undervalued most 
key jobs are. Across the world, these workers produced, 
distributed and sold food, cleaned streets and buses to 
minimize the spread of the pandemic, ensured public 
safety, transported essential goods and workers to their 
jobs, and cared for and healed the sick. The COVID-19 
pandemic has also made evident how undervalued most 
key jobs are, raising concerns about the sustainability of 
these essential activities, especially given the possibility 
of future shocks. This report calls for a revaluation of 
the work of key workers to reflect their social contribu-
tion and greater investment in key sectors. In addition 
to addressing an important, long-standing deficit in so-
cial justice, doing so will help to ensure the continuity of 
essential economic activities during future shocks and 
crises. 

WORLD HEALTH ORGANIZATION (WHO)

Red and processed meat in the context of health 
and the environment: many shades of red and 
green. Information brief. Geneva: World Health 
Organization 2023; 66 p. ISBN 978-92-4-007482-8 
(electronic version) ISBN 978-92-4-007483-5 (print 
version). Globally, production and consumption of all 
types of meat has increased substantially in the last 50 
years, and – although red meat consumption is now pla-
teauing in high-income countries (HICs) – is predicted 
to increase by a further 50% by 2050. Meat consump-
tion remains highly unequal both between and within 
countries, and animal-source food intakes, including 
red meat, are lowest among those at most risk of un-
dernutrition. This information brief synthesizes the 
evidence on the role of red and processed meat pro-
duction and consumption in health and environmental 
outcomes, and in different social and political contexts. 
It does not give consumption recommendations, but, 
rather, represents the first stage in a scoping process 

that could lead to World Health Organization (WHO) 
guidance on the role of red and processed meat in 
healthy diets from sustainable food systems. This brief 
is concise, easy to read and includes a summary and the 
key messages for each chapter. It is a useful resource for 
both advocates and the general public interested in this 
topic as well as technical staff, programme managers 
and decision makers who need to have a quick overview 
on what the main issues and gaps are on the role of red 
and processed meat for human and planetary health.

Carbohydrate intake for adults and children: 
WHO guideline. Geneva: World Health Organiza-
tion 2023; 100 p. ISBN 978-92-4-007359-3 (electronic 
version) ISBN 978-92-4-007360-9 (print version). This 
guideline provides updated, evidence-informed guid-
ance on the intake of carbohydrates to reduce the risk 
of diet-noncommunicable diseases in adults and chil-
dren, with a particular focus on carbohydrate “quality”. 
Carbohydrate quality refers to the nature and composi-
tion of carbohydrates in a food or in the diet, includ-
ing the proportion of sugars, how quickly polysaccha-
rides are metabolized and release glucose into the body 
(i.e., digestibility), and the amount of dietary fibre. The 
quality of carbohydrates in the diet can broadly impact 
health. This guideline is intended for a wide audience 
involved in the development, design and implementa-
tion of policies and programmes in nutrition and public 
health. This guideline includes recommendations on 
preferred food sources of carbohydrates, and recom-
mended levels of intake for fruits and vegetables, and 
dietary fibre which can be used by policy-makers and 
programme managers to address various aspects of car-
bohydrate intake in their populations through a range 
of policy actions and public health interventions. The 
guidance in this guideline replaces previous WHO 
guidance on carbohydrate intake, including that from 
the 1989 WHO Study Group on Diet, Nutrition and 
the Prevention of Chronic Diseases and the 2002 Joint 
WHO/FAO Expert Consultation on Diet, Nutrition 
and the Prevention of Chronic Diseases. The guidance 
in this guideline should be considered in the context of 
that from other WHO guidelines on healthy diets.

Total fat intake for the prevention of unhealthy 
weight gain in adults and children: WHO guide-
line. Geneva: World Health Organization 2023; 66 p. 
ISBN 978-92-4-007365-4 (electronic version) ISBN 
978-92-4-007366-1 (print version). The objective of 
this guideline is to provide updated guidance on the 
intake of total fat in the diet to reduce the risk of un-
healthy weight gain. It is intended to be used by poli-
cymakers, programme managers, health professionals 
and other stakeholders in efforts to promote healthy 
diets. The guidance was formulated based on evidence 
for unhealthy weight gain only. The guideline was de-
veloped following the WHO guideline development 
process, as outlined in the WHO handbook for guide-
line development. This process includes a review of 
systematically gathered evidence by an international, 
multidisciplinary group of experts; assessment of the 
quality of that evidence via the Grading of Recom-
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mendations Assessment, Development and Evalua-
tion (GRADE) framework; and consideration of addi-
tional, potentially mitigating factors when translating 
the evidence into recommendations. The guidance in 
this guideline replaces previous WHO guidance on 

total fat intake, including that from the 1989 WHO 
Study Group on Diet, Nutrition and the Prevention of 
Chronic Diseases and the 2002 Joint WHO/FAO Ex-
pert Consultation on Diet, Nutrition and the Preven-
tion of Chronic Diseases.
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in the legend.
Figures should be loaded as separate files. The following 
file formats are acceptable: JPEG, TIFF or EPS. Vecto-
rial images (graphs, flow charts, schemes, and other non 
bitmap material) should be in Excel, Adobe Illustrator, 
Microsoft Power Point so as to allow the editorial format-
ting of the material.
Figures are redrawn into the Annali style by our in-house  
illustrators. 
Photographs must have a minimum resolution of 300 dpi.

Captions should be presented on a separate sheet and 
contain a sufficient explanation of their object. They 
should be concise but comprehensive.

REFERENCES
All references in the text must be numbered in square 
brackets, i.e. [1, 2, 3-6], and mentioned at the end of the 
article in the order in which they are quoted. They should 
conform to the “Recommendations for the Conduct, Re-
porting, Editing, and Publications of Scholarly Work in 
Medical Journals” (www.icmje.org), according to the fol-
lowing examples. 
Titles of periodicals should be abbreviated in accord-
ance with the Medline abbreviation of the US National 
Library of Medicine (www.nlm.nih.gov/bsd/aim.html). 
Online journal articles can be cited using, in addition to 
the complete citation, the DOI number. Do not insert 
websites among the References but directly in the text in 
parentheses, where necessary.

Articles in journal
Bozzuto G, Ruggieri P, Molinari A. Molecular aspects of 
tumor cell migration and invasion. Ann Ist Super Sanità. 
2010;46(1):66-80. doi: 10.4415/ANN_10_01_09

Books and chapters in a book
Godlee F, Jefferson T. Peer review in health sciences. 
London: BMJ Books; 1999.
Van Weely S, Leufkens HGM. Background paper: orphan 
diseases. In: Kaplan W, Laing R (Eds). Priority medicines 
for Europe and the world – a public health approach to 
innovation. Geneva: World Health Organization; 2004. 

Proceedings
Fadda A, Giacomozzi C, Macellari V. Comparative 
measurements to validate a new telemetric pressure in-
soles system. In: 2. International Symposium on meas-
urement, analysis and modelling of human functions. 1. 
Mediterranean Conference on measurement. Workshop 
on evaluation check of traceability. Proceedings. Geno-
va: June 14-16, 2004. p. 425-7. 

Technical reports
Della Seta M, Di Benedetto C, Leone L, Pizzarelli S, 
Siegmund U. ETHICSWEB technical guides. Manual for 
the creation of standards and guidelines for sharing infor-
mation about knowledge organization systems on ethics 
and science. Roma: Istituto Superiore di Sanità; 2011. 
(Rapporti ISTISAN, 11/32).

Legislation 
Italia. Decreto legislativo 29 ottobre, n. 419. Riordina-
mento del sistema degli enti pubblici nazionali, a norma 
degli articoli 11 e 14 della legge 15 marzo 1997, n. 59. 
Gazzetta Ufficiale – Serie Generale n. 268, 15 ottobre 
1999.
US Social Security Administration. Evidentiary require-
ments for making findings about medical equivalence. 
Final rules. Fed Reg. 2006 Mar 1;71(40):10419-33.
The authors should check that each reference cited in the 
text appears in the reference list and viceversa. Referenc-
es should not include works submitted for publication but 



not yet accepted or unpublished results, etc. These can be 
mentioned in the text in parentheses.

CONVENTIONS
All Latin or foreign words should be in italics. The au-
thors should use internationally accepted abbreviations. 
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