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EDITORIAL

Between social and healthcare:

a necessary synergy

Carlo Petrini: and Enrico Alleva:>

1Unita di Bioetica, Istituto Superiore di Sanita, Rome, Italy
Centro di Riferimento per le Scienze Comportamentali e la Salute Mentale, Istituto Superiore di Sanita,

Rome, Italy

In Italy, the parliamentary process for the adoption
of a law on the prevention of discrimination and the
protection of the rights of people suffering from onco-
logical diseases has been completed.

The “oncological oblivion law”, requested by civil
society, the scientific community, the country’s admin-
istrative and political leaders, is also part of the im-
plementation of the recommendation European Parlia-
ment resolution of 16 February 2022 on strengthening
Europe in the fight against cancer [1].

According to the text, people recovered from an on-
cological pathology have the right not to provide infor-
mation and not to be the subject of investigations on
their previous pathological condition. Furthermore, as
regards access to banking, financial and insurance ser-
vices, the request for information on the state of health
of the policyholder relating to oncological pathologies al-
ready dealt with is not permitted, if the active treatment
has been concluded for more than ten years without epi-
sodes of recurrence. This period is reduced by half if the
pathology manifested itself before the age of twenty-one.

The text also provides that this information cannot be
acquired from sources other than the contracting party
and, if they are available from the operator or the inter-
mediary, they cannot be used to determine the contrac-
tual conditions.

In Italy the number of people alive after about ten
years from a cancer diagnosis is significant: almost 6%
of the population (about 1 million people).

The impact of the law, therefore, is also relevant in
terms of the size of the population involved.

Also significant is the fact that the term “healed” is
used in the law. In oncology, the term “cured” has so far
been rarely used, preferring terms such as “long-term
survivor” or even “survivor’. In fact, it has long been
known that there are patients who can, with a reason-
able probability, be considered cured. The fact that a
subject who has had an oncological pathology can be
considered cured represents a radical paradigm shift:
from “incurable cancer” to “chronic pathology cancer
from which one can be cured”.

From an ethical point of view, it is important to con-
sider that the right to have previous oncological pathol-
ogies forgotten is based on the protection of personal
identity, i.e., in art. 2 of the Constitution. The right
consists, in particular, of the right not to provide infor-
mation about one’s past health status with regard to on-
cological diseases.

The “right to be forgotten” has some analogy with the
“right to be left alone”, which is the first formulation of
the right to privacy: Warren SD and Brandeis LD used
it in 1890 in an article entitled “The right to privacy”
published in the Harvard Law Reviews [2].

The right to be medically forgotten, however, should
not be confused with the right to erasure of one’s per-
sonal data from the internet, which is grounded in Ar-
ticle 17 of the European Regulation no. 679 of 2017.

Thus, this first aspect, namely the protection of per-
sonal identity, concerns a foundation of ethics: the dig-
nity of the person.

From an ethical point of view, the law is also sig-
nificant because it highlights the many dimensions of
health: not only the absence of disease, but also the
possibility of living in normal conditions. Therefore, it
is not only the principle of beneficence (doing people’s
physical good) that must be applied: it is also neces-
sary to restore people’s autonomy and to treat them
with justice and fairness, to give everyone what they
need.

This also corresponds to an increasingly deep-rooted
awareness that the health dimension and the social di-
mension are closely intertwined.

Oncological oblivion also calls for reflection on an-
other important notion in bioethics: vulnerability. Con-
sidering certain groups as “vulnerable populations” in
relation to the normal condition makes little sense: we
are all vulnerable, but certain categories of people are
in a particularly vulnerable condition. In the case of
cancer diseases, for many these special conditions are
reversible: one can return to ordinary conditions.

Thus, in general, the law is significant for the pro-
tection of the rights of persons who have faced and
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overcome an oncological disease. It is, in fact, aimed at
ensuring these persons fair and equal treatment with
other persons in the context of financial, banking, and
insurance activities, and also in the employment sphere,
with measures relating to access to competitive selec-
tion procedures and recruitment and relating to active
policies for entering and remaining at work. From an
ethical point of view, it is significant that, unlike simi-
lar regulations in other countries, the Italian regulation
also intervenes in the family sphere: recognition of suit-
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COMMENTARY

From mass vaccination to personalized
vaccinology? The COVID-19 case

Andrea Silenzi, Antonio Vitiello and Giovanni Rezza*

Direzione Generale della Prevenzione Sanitaria, Ministero della Salute, Rome, Italy
*up to May 2023

Abstract

In recent times, especially as a result of the experience gained worldwide with the CO-
VID19 pandemic vaccination campaigns, the personalization of vaccination strategies is
becoming increasingly important. This does not yet mean bringing precision medicine
and genomics approaches into immunization campaigns, but where there is more than
one vaccine against the same disease, there is a need to identify criteria for personalizing
vaccination.

Vaccination strategies based on prescription appropriateness — whenever is possible —
can lead to more effective immune response, reduced rates of adverse events, increased
public confidence in vaccination and higher vaccination coverage, contributing to a de-

Key words

e personalized vaccinology

® vaccination campaigns

e national immunization
plans

crease of morbidity and mortality related to preventable diseases.

INTRODUCTION

Scientific progress is not an accumulation of knowl-
edge aimed at discovering the truth, but an alternation
between standard scientific discovery and scientific
revolutions, starting with a group of elements that tend
to be articulated and specialized in what Thomas Kuhn
described as “paradigm shift” [1]. As Sir Muir Gray ar-
gued, shifts in healthcare are more likely to result from
new ways of thinking rather than new technologies [2].
However, unprecedented scientific and technological
innovation has revolutionized healthcare in the last 40
years. In particular, the advent of genomics and digi-
tal data science in healthcare research, with the conse-
quent exponential growth of analytical and diagnostic
capabilities in clinical practice, led to what is known as
personalized medicine.

According to the National Research Council, “person-
alized medicine” is an older term with a similar meaning
to “precision medicine” [3]. Personalized medicine is a
medical model that aims to provide prevention and treat-
ment strategies tailored to defined groups of individuals.
To date, there is no universally accepted definition. The
European Union Health Ministers in their Council con-
clusions, published in December 2015, provided the fol-
lowing definition on personalized medicine: “A medical
model using characterization of individuals genotypes
and phenotypes (e.g., molecular profiling, medical im-
aging, lifestyle data) for tailoring the right therapeutic
strategy for the right person at the right time, and/or

for determining the predisposition to disease and/or to
deliver timely and targeted prevention” [4].

From the perspective of the population, precision
medicine has promoted a profound reflection — in re-
cent years — on what has been called precision public
health, previously defined in the literature as an ana-
lytical resource for policymakers and a useful paradigm
for directing healthcare interventions towards disadvan-
taged social groups through granular data [5].

In analogy to precision medicine, precision public
health can be also described as an innovative domain
for developing data-driven approaches to public health
interventions, encompassing both pharmaceutical and
non-pharmaceutical interventions, as partially experi-
enced in their implementation during the COVID-19
pandemic [6, 7].

Although most advances in personalized medicine
and public health regard the field of individualized med-
ical treatment, several factors can undoubtedly trigger a
paradigm shift in modern vaccinology also in the post-
mass vaccination campaign against COVID-19.

THE COVID-19 VACCINATION CAMPAIGN
EXPERIENCE

The COVID-19 global pandemic has represented a
health and socio-economic challenge with few prec-
edents in human history. Vaccination was the most ef-
fective intervention to control the spread of the virus
and, consequently, to save lives and protect the health
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of the population. In general, it can take 4 to 15 years to
develop an effective and safe vaccine; however, starting
with the first cases of COVID-19 detected in Wuhan,
China, researchers have quickly identified the genome
of the SARS-CoV-2 virus and developed viable vaccine
candidates using new sequencing methods. Vaccines
against SARS-CoV-2 use different technologies, such as
mRNA, viral vectors, protein subunits, and inactivated
virus. During the COVID-19 pandemic, clinical trials
started within 5 months after the first reported cases,
leading to the development of effective vaccines, and
to “fast-track” authorisation within less than 12 months
after virus isolation. The first authorised vaccines were
produced with a modified RNA technology encoding
a version of the SARS-CoV-2 spike protein capable of
inducing neutralising antibody responses. The quick de-
velopment of vaccines with mRNA technology is con-
sidered a triumph for preventive medicine and modern
vaccinology [8].

A successful worldwide mass-vaccination campaign
followed the authorization of several vaccines based on
different technological platforms. To summarize, dur-
ing anti-COVID-19 national immunization campaigns,
for the first time: i) several effective vaccines, mostly
based on innovative mRNA platforms, were developed
in less than 12 months; ii) the entire world population
was affected simultaneously by such a large and rapid
immunization program; iii) health policy decisions and
immunization strategies were updated on the basis of
real world data (RWD) and real world evidence (RWE).

During mass vaccination campaigns, all types of
available vaccines were used, and the offer could not
be differentiated on the basis of individual’s character-
istics. Because of limited knowledge, the choice of tar-
get groups tended to be updated over time as a result
of empirical experience. For example, the use of more
effective vaccines, such as mRNA vaccines, was ini-
tially prioritized to those at highest risk, while vectored
vaccines were preferentially recommended to healthy
younger individuals, but after the observation of rare
severe adverse events, such as the so-called vaccine-in-
duced thrombotic thrombocytopenia (VITT), following
the administration of adenovirus vector vaccines, these
vaccines were preferentially recommended to older
people, binding their use among younger people to epi-
demiological driven risk benefits analysis [9].

Nowadays, the end of the acute pandemic phase
forces us to reconsider the modalities of COVID-19
vaccine offer, taking in account the so-called personal-
ized vaccinology, extensively theorized, and described
by Gregory Poland and colleagues as “vaccinology 3.0,
(...) able to provide the right vaccine to the right pa-
tient — for the right reason and at the right dose” [10].

FROM THE ONE-SIZE-FITS-ALL APPROACH
TO PERSONALIZED VACCINOLOGY

The standard medical practice in vaccinology is to uni-
versally deliver the same set of vaccines/vaccinations to
the entire population (one-size-fits-all approach), in the
absence of a contraindication, with several generaliza-
tions supporting this approach [10]. It also assumes
that everyone is at approximately the same level of risk

against the disease being prevented, and that the vac-
cine dose amount and number of doses needed to de-
velop immunity are the same across the population. The
major weakness of this approach is that it ignores indi-
vidual variability in disease risk/immunologic response,
and any genetic propensity for reactogenicity, as well as
differences in the dose amount needed for protection
(10, 11].

Different variables could influence the effectiveness
of a vaccine or the propensity to adverse events such as:
age, gender, race/ethnicity, immune status, size (body
mass index), lifestyles, medical condition, comorbidi-
ties, and genetic profile. Some of these listed factors are
identifiable and therefore predictable. Among these,
one of the most important factors in determining the
antibody response is undoubtedly the age and state of
the immune system, which is a fundamental endoge-
nous factor in the response to natural infections and
vaccinations. Immunogenetic variation might one day
lead to new products designed to minimize vaccine fail-
ure. Such host variability may depend on a multiplicity
of immune response genes encoding products needed
to generate antibodies, T cell receptors, or Human Leu-
kocyte Antigen, HLA loci. Furthermore, gene polymor-
phism may also explain inter-individual variation due to
other functions involved in the response to vaccines. Up
to now, vaccine immunogenetics is still under-studied,
and most information derives from studies targeting
immune response to the measles vaccine [12]. All this
information is included in the immune response theo-
ry, as defined by Gregory Poland and the Mayo Clinic
group, which is the necessary basis for vaccinomics and
adversomics [10, 13, 14].

Recently, Valdés-Fernandez et al. offered a compre-
hensive review of genetic variants affecting immune
response constituents that can influence individual re-
sponses to SARS-CoV-2 vaccines. They also discussed
the potential public health implications of differing
SARS-CoV-2 vaccine effectiveness across population
groups [15]. Moreover, during COVID-19 vaccination
campaign in Germany in 2021, subject-specific differ-
ences in COVID-19 vaccine reactogenicity and work
absenteeism after vaccination were observed in a large
survey of healthcare workers [16].

The traditional public health population-level para-
digm and the emerging individual-level paradigm, which
acknowledges genetically encoded unique individual
variability in response to biologic agents, are creating
a new kind of “tension” in the field of vaccinology. Per-
sonalized screening prior to vaccination could be made
possible, one day, in order to identify these variables.
This would result in the delivery of the right vaccine
to the right person, at the right dose, at the right time
[10-12]. A system biology approach might also favour
the capacity to predict immune responses and adverse
reactions, favouring the development of personalized
vaccines [14, 17, 18].

However, at the moment, such predictive tests are
still not available nor validated and, in any case, can-
not be used on a large scale; this is a strong limit to the
current feasibility of a personalized approach to vaccine
prophylaxis. Furthermore, other challenges still exist.



COVID-19 AND PERSONALIZED VACCINOLOGY

Table 1

Pros and Cons of “one-size-fits-all” vaccination approach and personalized vaccinology

Pros

“One-size-fits-all” vaccination
approach

Personalized vaccinology

work or school absenteeism)

There are problems with high costs for genetic-based
assays, the complexity of data analysis and interpreta-
tion, as well as inertia on the part of current vaccine
producers and health authorities, which contribute alto-
gether to postpone the possible transition to new para-
digms in the field of vaccinology [17, 19].

On the other hand, a promising field of personal-
ized vaccinology is represented by therapeutic vaccines
against cancer. In particular, the rapid mapping of so-
matic mutations within cancer cells genome is now pos-
sible and may lead to the identification of cancer-specif-
ic epitopes that can be recognized by autologous T cells.
This may favour the selection of specific vaccine targets.
Since cancer-specific neoantigens are often unique to
each patient’s cancer, a personalized development of im-
munotherapeutic products is required [20, 21].

CONCLUSIONS

The mass vaccination approach, which is absolutely
needed in a pandemic phase, when morbidity and
mortality rates are high, has inevitable side effects at
the individual and community level, and needs to be
promptly critically revised in the post-pandemic era,
when the clinical impact of the disease — along with risk
perception — tends to decrease. At that point in time,
a new mindset (i.e., using the best vaccine only for in-
dividuals at risk for a specific event) prevails. This kind
of approach has been planned by the main European
Countries in their national immunization COVID-19
campaign for the 2023/2024 season, where the recom-
mendation for vaccination has been made for specific
subgroups of people characterized by specific risk fac-
tors (e.g., age, diseases, frailty) [22].

Hopefully, this strategy may also be useful in dealing
with hesitation towards vaccines, which is particularly
topical after a couple of years in which vaccines and im-
munisation have been in the spotlight like never before,
and citizens have been psychologically stressed by re-
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Abstract

Key words

Introduction. The COVID-19 pandemic and related containment measures have been
threatful for psychological well-being, particularly for young people such as university
students. Sense of Coherence (SoC) can help in coping with stressful and anxiety-pro-
voking situations.

Aim. The aim of this study is to describe the levels of SoC and to investigate the socio-
economic, and demographic predictors in a sample of students attending Florence Uni-
versity, in the timespan between August, 17th and October, 3rd 2020.

Method and results. The cross-sectional online survey was completed by 2,996 stu-
dents. Higher levels of SoC have been found among males and for respondents reporting
a better socioeconomic condition. Regarding the dimensions of SoC, lower levels were
reported for comprehensibility and manageability, higher for meaningfulness.
Conclusions. These results reinforce the need to plan and implement health promotion
interventions aimed to support and sustain university students in general and specifically

e university students
¢ Sense of Coherence
e cluster analysis

e financial situation

those at higher risk of low level of SoC.

INTRODUCTION

In the past two years life and psychological wellbeing
has been violently stricken by COVID-19 pandemic [1].
Since the beginning of the pandemic, physical distance
represented one of the most effective containment mea-
sures and on March 9=, 2020, the stay-at-home order
was extended to the entire Italian population [2]. This
lockdown forced the closure of schools and universities
and the reorganization of lessons and examinations via
online meetings, compelling young people to engage
with digital communication technologies to maintain
relationships with peers and teachers during the Italian
curfew [3]. Quarantine, which was adopted to contain
the virus spread and new infections, seriously affected
behavioral routines and was particularly hard to accept
for students who usually spent much of their time in
social situations, like in schools or universities [1].

The pandemic and the related containment measures

were, indeed, threatful for psychological well-being and
the new living condition strongly affected university
students, who showed risks of mental disorders, such
as anxiety, depression, and even suicidal ideation [4].
Therefore, pandemic gave new importance to the con-
cept of resilience defined as a characteristic of people
which protects themselves from stress and depression
and help to adapt to unpleasant circumstances. It is a
developable capacity that changes over time [5, 6].

An indicator of resilience in dealing with critical
events is the Sense of Coherence (SoC), which has a
strong relationship with health [7]. Indeed, it emerges
that some people maintain themselves healthy despite
their dramatic experiences, thanks to the good view
they have of their life and of the essence of their exis-
tence [8-11]. Antonovsky theorized that SoC developed
during lifetime and that socio economic status, network
education, and culture seem to strongly influence indi-
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vidual SoC level too. SoC is often considered to be a
stable entity that since childhood completely develops
around the age of 30 [9-11]. However, recent studies
have questioned this stability of SoC: high SoC tents
to be more stable than a lower SoC [12] and, under
certain conditions (such as mental health promotion ef-
forts, etc.) changes might be possible in adulthood [13].

In summary, SoC could be conceptualized as the ex-
tent to which life is understood as more or less com-
prehensible, meaningful, and manageable by different
individuals and lets one mobilize resources to cope with
stressors. Individuals having a higher SoC are more ca-
pable of facing and handling hard situations, such as the
pandemic could be. University students with high SoC
usually experience fewer daily unpleasant events than
students with low SoC and experience these events as
less stressful [14, 15].

Therefore, it appears that, according to the theoreti-
cal approaches [9], socio-economic and demographic
factors, such as the economic conditions and the social
position of the family, play a significant role in the for-
mation of the SoC. These theoretical principles have
been also confirmed by the findings of several research-
es that have identified the economic wealth as a factor
that can, both directly and indirectly, contribute to have
a strong SoC [16].

Biennium 2020-2021 represented a real challenge to
university students’ resilience and SoC even because it
has introduced hard financial pressure, changed living
conditions and modus vivendi [17]. Since Universities
face to face lessons were largely replaced by remote
teaching those with limited digital resources have been
negatively affected at most [18].

Following the radical changes caused by the COV-
ID-19 pandemic, an international group of researchers
from all over the world launched the COVID-HL net-
work [19] (see https://covid-hl.eu/) which aims to estab-
lish an open science and research community to foster
research in the field of health literacy, health informa-
tion, and digital health.

The aim of this study, as part of the COVID-HL
University Students Survey, is to describe the level of
SoC and to investigate socio-demographic and socio-
economic predictors in a sample of students from Flor-
ence University, in the timespan between the first and
the second Italian wave of COVID-19 pandemic.

MATERIALS AND METHODS
Study design

This cross-sectional study was designed and conduct-
ed in accordance with the Helsinki declaration and ap-
proved by the Ethics Committee of the University of
Florence (n. 108, 2020/07/07).

Data were collected using a questionnaire developed
by Dadaczynski et al. [20]. In Florence, the COVID-
HL University Students Survey was conducted sharing
the online questionnaire with the students of all the
courses (bachelor, master, PhD, Postgraduate School)
through the institutional email. In addition, the survey
was advertised on the University of Florence web pages
and social networks. There were no exclusion criteria,
apart from not being a Florence University student.

In 2020, the students enrolled at the University of
Florence were about 50,000 and a convenience sample
of 2,996 students filled in the questionnaire. The ques-
tionnaires were administered from August 17+ to Octo-
ber 3+, 2020. Filling in the questionnaire was voluntary.
In accordance with the European Regulation 2016/679
and the Legislative Decree 101/2018, all the data have
been processed anonymously and cannot be attributed
to a specific person.

Questionnaire

The questionnaire included either existing validated
scales adapted to the COVID-19 pandemic or newly
developed scales. In particular, the following data was
collected: sociodemographic information; life situation
and future anxiety; digital health literacy and informa-
tion seeking behavior; personal health situation.

The questionnaire, proposed in English language [20]
was translated into Italian using a standard procedure:
two independent native English speakers translated the
questionnaire in Italian language, then two independent
native Italian speakers back-translated the two versions
into English. The four versions (two in Italian and two
in English languages) were assessed and discussed by
the research group to verify any discrepancies emerging
from the process.

For the purposes of this study, the following sections
of the questionnaire were included in the analysis: so-
ciodemographic characteristics (sex, age, country of
origin, study course), general economic situation (sub-
jective social status, satisfaction with the financial situ-
ation, how they finance their studies), SoC.

Specifically, the socioeconomic status was measured
using the MacArthur Scale of Subjective Social Status
(SSS), which assesses the person’s perceived position
in a social hierarchy: it is a ten-point scale (from 1 to
10) with the top (higher points) representing wealthy
people, with a prestigious job and high level of educa-
tion while at the bottom (lower points) were placed
poor people with less prestigious job and lower educa-
tion [21, 22]. According to the score, three categories
of SSS were identified: low, medium, and high SSS.

Satisfaction with the financial situation was investi-
gated with the question “How sufficient do you consid-
er the money at your disposal?”, with the following re-
sponse options: not sufficient (score=1), less sufficient
(score=2), sufficient (score=3), completely sufficient
(score=4).

The source for financing the students’ study was as-
sessed through a specific question (“How do you pri-
marily finance your studies?”) with 6 possible responses
(“support by parents”, “students’ grant”, “employment
during the semester”, “employment during the semester
brake”, “scholarship”, “other”).

To measure the SoC, the work-related SoC instru-
ment developed by Vogt et al. [23] was used, adapt-
ing the initial question to life in general (“How do you
personally find your current life situation in general”)
instead of working condition. The primary study that
used the tool and to which we are referring to as a good
internal consistency (Cronbach alpha=0.83) and facto-
rial analyses showed that the scale has a three-factor
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structure with the sub-dimensions of comprehensibil-
ity, manageability and meaningfulness. Before the pan-
demic there are studies that used Vogt et al. original
instrument [23] which present the differences respect
the instrument used here regarding a single word of the
introduction question that is “work situation” turned
in “life situation” so: “How do you personally find your
current job and work situation in general?” becomes
in our version: “How do you personally find your cur-
rent life situation in general?”. It included nine bipolar
adjectives (items) that could be rated on a seven-point
semantic differential scale, with higher values indicat-
ing a higher SoC [22]. The nine items refer to the three
dimensions of SoC: four items for “comprehensibility”
(items n. 1, 3, 6 and 9), two items for “manageability”
(items n. 4 and 7), and three items for “meaningful-
ness” (items n. 2, 5 and 8). The Italian version of the
SoC scale presented a good internal consistency (Cron-
bach’s alpha: 0.874). Considering the subscales, two
presented a good or acceptable-to-good internal con-
sistency (for “comprehensibility” and “meaningfulness”:
Cronbach’s alpha >0.71) while for the other one (i.e.,
“manageability”) the Cronbach’s alfa was lower than
0.71. However, as also discussed by Dadaczynski et al.
[20], it could be considered as sufficient due to the low
number of items included in this subscale. A SoC scale
score and three subscale scores were then calculated as
the mean value of the item scores.

Statistical analyses

Normality of continuous variables was assessed using
Kolmogorov-Smirnov test.

Continuous variables were described using mean and
standard deviation (SD), or median and interquartile
range (IQR) as appropriate. Categorical variables were
expressed as percentages.

Since no cut-off values was previously defined to
identify different levels of SoC, a hierarchical cluster
analysis was conducted using the Ward’s minimum
variance method to identify groups with different level
of SoC. At each step, Ward’s minimum variance crite-
rion allows to agglomerate two clusters into one such
that the within-class variance of the partition thereby
obtained is minimum, and the between-class variance
of the partition obtained is to be maximized [24]. The
Ward’s method was used to identify groups on the basis
of the scores obtained on the items of the SoC scale.
The optimal number of clusters was selected through
the visual examination of the dendrogram. To confirm
the goodness of the identified clusters, the association
of the distribution of the scores of each subscale of SoC,
as well as of those of the entire SoC scale, was assessed
using ANOVA test or Kruskal-Wallis, as appropriate.

According with the theorical models on Salutogenesis
[25], bivariate analyses were conducted to investigate
the association between the SoC and the following po-
tential predictors: sex (male, female), age (<=median
value, >median value), country of origin (Italy, others),
SSS (low, medium, high), satisfaction for the financial
situation (not sufficient, less sufficient, sufficient, com-
pletely sufficient), parents as primary financial support
for study (yes, no), employment as primary financial

support for study (yes, no). In particular, ANOVA or

Kruskal-Wallis test were used to test association with

respect to SoC scores — either as subscales or as total

scale — while Fisher’s exact test was used with respect
to SoC categories according to the results of the cluster
analysis.

Then, multivariate analyses were conducted, includ-
ing — as independent variables — the potential predictors
with statistically significant associations with SoC at the
univariate analysis (sex, age, country of origin, SSS, sat-
isfaction for the financial situation, employment as pri-
marily financial support for study). In particular:

e four different models of multivariate linear regression
were performed, considering respectively the score at
comprehensibility (model 1), manageability (model
2), meaningfulness (model 3) subscales, and at the
total SoC scale (model 4) as dependent variables;

¢ a multivariate multinomial logistic regression (an ex-
tension of binary logistic regression that allows for
more than two categories of the dependent or out-
come variable) was performed to assess the predic-
tors of SoC as categorical dependent variable (i.e., the
three categories identified using the cluster analysis).
For all the analyses, the alpha level was considered as

significant at 0.05. The analyses were performed using

IBM SPSS 27.0 and Stata.

RESULTS
Descriptive analysis of the sample

As a whole, a convenience sample of 2,996 university
students participated in the study and completed the
online survey, of whom 68% were female. The median
age was 22 (IQR: 20-24; range: 18-70 years).

Ninety-two percent was born in Italy, 1.7% in Alba-
nia, 5.8% in other countries (China, Romania, Poland,
Cameroon, Russia). Fifteen percent attended a course
of study in the Medical or Health Sciences area, 13%
in Engineering, 11% in Humanities, 10% in Econom-
ics/Statistics, 9% in Architecture/Urban and Environ-
mental Sciences, 5% in Education Sciences, while the
remaining 37% were engaged in other training fields.
Most of the students (62%, n=1,862) attended a bach-
elor’s degree program, 37% (n=1,111) attended a mas-
ter’s degree course, 1% a PhD, or a post-doc program.

More than 80% claimed to be financially supported
by their parents for their studies, 22% gained resources
by working during the semesters, 12% reported to work
during the summer and winter holidays (i.e., during the
semester brake), 10% obtained funding from a schol-
arship. The SSS median score was 6 (IQR: 5-7; range:
1-10); 13.6% presented a low SSS, 69.1% a medium SSS
and 17.3% a high SSS. About 70% (69.7%, n=2,088) con-
sidered their financial resources “completely sufficient”
(18.9%, n=567) or “sufficient” (50.8%, n=1,521), while
30.3% (n=908) considered their resources “less suffi-
cient” (24.3%, n=728) or “not sufficient” (6%, n=180).

Descriptive analysis of SoC

Figure a available online as Supplementary Material,
reported the responses to the items included in the SoC
scale, while Table 1 reported the descriptive statistics of
each item, subscales, as well as of the entire SoC scale.

N
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Considering the item responses, the lower values (i.e.,
lower SoC) were reported for the item 9 (unpredictable
vs predictable; 6.7% of score 0, 14.4% of score 1, mean
score: 2.8+1.5), followed by the item 7 (unclear vs clear;
6% of score 0, 11.9% of score 1, mean score: 3.7+1.7).
On the contrary, the higher values (i.e., higher SoC)
were reported for the item 5 (insignificant vs signifi-
cant; 19.7% of score 6, 27.5% of score 5, mean score:
4.1+1.5), the item 2 (meaningless vs meaningful; 19.1%
of score 6, 29.4% of score 5, mean score: 4.2+1.5), and
the item 1 (unmanageable vs manageable; 12.8% of
score 6, 27.3% of score 5, mean score: 3.9+1.4).

In Figure b available online as Supplementary Mate-
rial, the cluster dendrogram of SoC items is reported.
Using visual examination, a three-cluster solution was
chosen: cluster A (n=861; 28.7%), B (n=1,398; 46.7%)
and C (n=737; 24.6%). The score distribution of each
subscale, as well as of the entire scale, significantly dif-
fered by cluster (Kruskal-Wallis test <0.001). In particu-
lar, the scores were lower for cluster A and higher for
cluster C (Figure 1). In detail, cluster A corresponds to
a low SoC, cluster B to a medium SoC, cluster C to a

high SoC.

Predictors of SoC

At the bivariate analyses, sex, age, country of origin,
SSS level, satisfaction with the financial situation and
employment as the primary finance of study were sta-
tistically significantly associated with SoC (p<0.05),
either considering each dimension (comprehensibil-
ity, manageability and meaningfulness), the total SoC
score, or the cluster classification obtained on the single
items (low SoC - cluster A, medium SoC - cluster B,
high SoC - cluster C), with the exception of manage-
ability with respect to both sex and employment as the
primary finance of study (Table 2 and Table a available
online as Supplementary Material). In particular, each di-
mension of SoC (comprehensibility, manageability and
meaningfulness), the total SoC score, and the cluster

Table 1

classification obtained on the single items presented
consistent results: SoC was higher among males, stu-
dents <22 years old, with higher SSS, higher satisfaction
about the financial situation, and no employment as the
primary source to finance the study.

Due to the results at the bivariate analysis, the vari-
able “parents as primary financial support” was not in-
cluded in the multivariate analyses.

Table 3 reported the results at the multivariate linear
regression analyses. Considering these results, all the
included variables presented statistically significant as-
sociations with the outcome variables (i.e., for model 1:
score at the Comprehensibility subscale; for model 2:
score at the Manageability subscale; for model 3: score
at the Meaningfulness subscale; for model 3: total score
at SoC scale), at least with one category, with the exclu-
sion of sex and country of origin for model 3. In par-
ticular, the scores at each subscale and at the total scale
significantly increased among students with medium or
high SSS (with respect to those with low SSS), less suf-
ficient, sufficient, or completely sufficient satisfaction
with the financial situation (with respect to those who
have declared it as not sufficient), and no employment
as the primary source to finance the study. Conversely,
the score significantly decreased among students older
than 22 years (with respect to those younger). More-
over, for models 1, 2 and 4, the scores significantly de-
creased among female students (with respect to males)
and increased among those for whom Italy is the coun-
try of origin (with respect to other countries).

Multivariate multinomial logistic regression analy-
sis confirmed the results of linear regression analysis
(Table b available online as Supplementary Material). In
particular, the risk relative ratio (RRR) of presenting
medium SoC (cluster B) with respect to low SoC (clus-
ter A) significantly increased with increasing SSS, sat-
isfaction with the financial situation, and among those
students not declaring employment as the primary fi-
nancial source of study. Similar results were observed

Sense of Coherence (SoC): descriptive statistics of each item, subscales, total scale

Items, subscales, or scale

Single items SoC1. Unmanageable - Manageable
SoC2. Meaningless - Meaningful
SoC3. Unstructured - Structured
SoC4. Impossible to influence - Easy to influence
SoC5. Insignificant - Significant
SoCé. Unclear - Clear
SoC7. Uncontrollable - Controllable
SoC8. Unrewarding - Rewarding
SoC9. Unpredictable - Predictable

Subscales Comprehensibility
Manageability
Meaningfulness

Scale SoC

SD: standard deviation; IQ: interquartile.

Mean SD Median 1Q range
39 14 4 3-5
4.17 1.5 4 3-5
3.7 15 4 3-5
3.6 14 4 3-5
4.1 1.5 4 3-5
33 1.6 3 2-5
3.7 14 4 3-5
3.6 1.6 4 3-5
2.8 15 3 2-4
34 12 35 25-425
3.7 1.1 4.5 3-45
40 14 4 3-5
3.7 1.1 3.7 29-44
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Figure 1

Boxplots of SoC (Sense of Coherence) scores (subscales and total scale) by cluster. Kruskal-Wallis test <0.001 for each subscale, as

well as for the total scale.

considering the RRR of presenting high SoC (cluster
C) with respect to low SoC (cluster A), although in
this case significant associations were observed also for
sex and age class (RRR<1 for females and for students
older than 22 years old) and the RRR values indicated
stronger relationships.

DISCUSSION

Worldwide, the pandemic situation has drastically
changed the way of life university students suffered from
drastic modifications to their daily life both at university
routine as well as at personal level [17-19] and this is
particularly alarming if we consider that they represent
a group at risk of mental health consequences mainly
for the uncertainty of their job perspectives [4] and for
their future perspectives. An individual characteristic
that could have played a determining role in contrast-
ing negative effect on mental health status during the
pandemic is represented by SoC in its three different
dimensions [23]. Starting from this point of view, we
conducted a cross-sectional study aimed to evaluate the
level of SoC of Florence University students and iden-
tify its predictors. From our results emerged that lower
levels of SoC were reported for the comprehensibil-
ity and manageability subscales, either considering the
whole sample or stratifying it by sex and socio-economic
indicators. Starting from these results, we can argue that

information about COVID-19 and the management of
personal health during the pandemic have played a rel-
evant role in the university students’ perception of life
situation and have influenced their SoC especially with-
in the domain of comprehensibility and manageability.
In fact, Dadaczynski et al. [19] highlighted that a signifi-
cant proportion of university students may not perceive
external information as clear and ordered, revealing dif-
ficulties in finding information about COVID-19 and
evaluating their reliability. This statement calls to mind a
huge problem strongly related to COVID-19 pandemic,
that is infodemic [26, 27], meant as the large amount
and conflicting information about the coronavirus, that
has contributed to mental stress caused by the spread
of the pandemic [28, 29]. Nonetheless, the absence of
data describing SoC of Florentine university students
before the COVID-19 pandemic do not allow us to
make concluding remarks. Other studies agreed about
the relation between SoC level, socio-economic situa-
tion, sex, and mental well-being, generally showing that
SoC improves with age and it is negatively associated
with female sex, and high levels of stress and bas socio-
economic situation [8, 30-32].

We argue that although students maintained high
level of meaningfulness and resilience, at the beginning
of the second wave of the pandemic (when the survey
has been conducted) they did not exactly know how to

N
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Table 2

SoC (Sense of Coherence): subscale and total scale scores by predictors

Variables (predictors)

Comprehensibility
mean + SD; median

Sex Males 355+ 1.17;3.75
Females 336+ 1.15;3.25
p-value* <0.001

Age <22 352+£1.12;35
>22 330+ 1.19;3.25
p-value* <0.001

Country of origin [taly 346+ 1.15;35
Others 298 +1.20;3
p-value* <0.001

SSS Low 2.72+1.10; 2.75
Medium 343 +£1.09;35
High 394+1.184
p-value* <0.001

Satisfactioh with Not sufficient 2.63+£1.08;2.75

Ezi:triwg:cwal Less sufficient 3.00+1.07;3
Sufficient 349 +1.08;3.5
Completely 4.04£1.12;4.25
sufficient
p-value* <0.001

Financial support-  Yes 344+£1.14;35

by parents No 3334122325
p-value* 0.085

Financial support-  Yes 329+ 1.1532

employment No 347 +116;35
p-value* <0.001

Manageability Meaningfulness SoC
mean = SD; median mean £ SD; median mean + SD; median
381+1.07;4 395+ 1.38;4 3.74+£10.7;3.78
3.61+£1.11;35 397 +1.34;,4 3.62 £1.05;3.67
<0.001 0.951 0.002
3.75£1.06; 4 4.05+1.31;433 3.75+£1.02;378
358+ 1.13;35 3.86+1.39;4 3.55 £ 1.08; 3.55
0.009 0.001 <0.001
370+ 1.10;3.5 3.99 +£1.35;4.33 369+ 105378
336+ 0.99; 3.5 3.62 £1.36;3.67 328 £1.04;3.11
<0.001 <0.001 <0.001
322 +1.06;3 3.14+£141;333 298+1;3
3.69 + 1.08; 3.5 40+£1.29433 3.67 £0.99; 3.67
399+ 1.1;4 448 £1.28;4.67 4.13£1.05;433
<0.001 <0.001 <0.001
323+£1.03;35 326 £143;3.33 297 +£1.01;3
347+1.12;35 3.65+1.31;3.67 3.31+1.00;3.33
3.70+£1.05 35 4.03 £ 1.30;4.33 3.72+0.99;3.78
402+1.10;4 441 £131;467 416 £1.03;4.33
<0.001 <0.001 <0.001
368+ 1.10; 3.5 3.95+1.36;4 3.66 + 1.05; 3.67
3.68+1.12;3.5 403+ 1.33;4.33 3.64 +1.07;3.67
0.865 0.250 0.675
3.64+£1.08;3.5 393+1.34;4 3.58 +1.03;3.67
369+1.11;35 398 +1.36;4.33 3.69 + 1.06; 3.78
0313 0.355 0.015

SSS: MacArthur Scale of Subjective Social Status; *Kruskal-Wallis test.

manage their current life. This probably happened be-
cause of the specific context of pandemic in which they
were living. Information about limitations rules and re-
lated to health management often appeared as unclear
or contradictory; moreover, the laws enacted by the
states to face the pandemic leave no room for coping an
own strategy, so as to let them feeling unable to address
everyday life problems [33-35]. In fact, at the begin-
ning of the summer 2020, the COVID-19 pandemic ap-
peared to be under control, and many restrictions had
been dropped. But, starting from the middle of August,
an increase in the number of new cases was again ob-
served, especially related to holiday places and recre-
ational contexts, which then gave origin, with the end
of September 2020, to the second wave. Future similar
evaluations could be useful to assess the effects of the
other pandemic waves and, more generally, of long-
term exposure to the pandemic, with respect to SoC.
From the multivariate analyses of our data, it emerged
that SoC was higher among students who were males,
younger than 22 years old, with higher SSS, more satis-
fied with their financial situation, and who do not de-
clare their employment as the primary source of financ-

ing of their study. Our analysis highlighted that the role
of socio-economic determinants of SoC are consistent
considering the different dimensions of the SoC scale
(comprehensibility, manageability, and meaningful-
ness), the total SoC score, and the cluster classification
obtained on the single items.

The economic situation and the link with SoC, female
sex and wellbeing have also been investigated in Ger-
many [19], where a low SSS among university students
is correlated with low wellbeing, female sex, more health
complaints and greater anxiety for the future. The rela-
tionship between economic situation and wellbeing ap-
pears also in an Australian study [17], after the impact
that the pandemic had with students’ finances; in fact,
since Australian students use to have an employment as
a source of money, many of them lost their jobs during
2020 and 2021. A research conduct in Spain showed
that the economic status was positively related to SoC,
but the relationship between SoC and family support
was greater [36].

These data reinforce the idea that SoC is strongly
influenced by the context of life and in particular by
the socio-economic situation in which an individual was
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Table 3
Multivariate linear regression models (n=2,996)
Model 1 Model 2 Model 3 Model 4
Outcome: Outcome: Outcome: Outcome:
comprehensibility manageability meaningfulness SoC
coeff 95% Cl p coeff 95%Cl p coeff 95%Cl p coeff 95%Cl p
Sex Males ref - - ref - - ref - - ref - -
Females -0.14  -0.22;-006 0.001 -0.17  -0.25;-0.09 <0.001 005 -0.05;0.15 0343 -085 -0.16;-0.01 0.027
Age <22 ref - - ref - - ref - - ref -
>22 -0.11  -0.19;-0.04 0004 -0.14 -022;-006 0.001 -0.11  -0.20;-0.01  0.027 -0.12  -0.19;-004 0.001
Country of Others ref = = ref - - ref - - ref -
o [taly 0.18  0.03;033 0018 018 003;033 0018 011 -007;029 0228 016 002,029 0024
SSS Low ref ref ref - - ref -
Medium 0.44 0.32;0.56 <0.001 033 0.21;045 <0.001 0.68 054,083 <0.001 0.50 039,061 <0.001
High 079 064,094 <0.001 056  041;0.71  <0.001 107 089125 <0.001 084 070;097 <0.001
Satisfaction Not ref ref ref = - ref -
with the sufficient
financial
situation Less 028 010,045 0002 017 -001;034 006 028 006049 0011 025 009041 0002
sufficient
Sufficient 0.65 047;0.82 <0.001 0.31 0.13;048 <0.001 052 030;0.73 <0.001 0.53 0.37;0.69 <0.001
Completely 1.09 090;1.28 <0.001 054  035;0.73 <0.001 0.78  055;1.01 <0.001 086 069 1.03 <0.001
sufficient
Financial Yes ref - - ref ref - - ref

support -

s eyar (e 010 001,018 0030 0.2

0.03;0.21 0.007 0.18

0.07;0.29  0.001 0.13 005;0.21 0.002

Cl: confidence interval; coeff: coefficient; ref: reference category; SoC: Sense of Coherence; SSS: MacArthur Scale of Subjective Social Status.

born and grows, besides being unequally distributed
among students with different social background. Poor
social support has a strong influence on the quality of
life of young people and these factors can change the
way they take risks and make decisions. In fact, it was
observed that the scarcity of resources (poor family and
social support, waste of money and time) negatively af-
fects people’s stress levels: in this sense, a younger adult
with poor resources may be pushed to make worse deci-
sions for his own health and wellbeing [37]. Since the
SoC construct is mainly formed in young adulthood and
adolescence and improves with age [8], it is important
to consider that good socioeconomic status at this stage
of life is a good starting point and can contribute to
higher SoC, lower stress levels, and better quality of life.
Regarding the association between female sex and
low level of SoC, some data suggested that females are
more scared by COVID-19 than males [14, 17]. On the
other hand, it was observed that in general females pay
more attention, are more sensitive and critical in the
evaluation of the accuracy of digital information on the
new coronavirus and the consequences it generates [35,
38, 39]. Probably, female university students perceived
the pandemic situation as more dangerous and complex
than males, and this affected their level of SoC in gen-
eral and, above all, the manageability dimension.
Finally, regarding the role of age on individual SoC,
our results suggested that younger students showed
higher SoC. Despite this association, in the literature
there is not agreement about the role of age on the in-
dividual SoC. An interesting point of view is proposed
by Nilsson et al. [8] that investigated how psychologi-

cal well-being changed in relation to age. Regarding
the association that we found and that emphasized the
positive role of younger age, we supposed that older
students who were closer to the end of the university
pathway, were more worried and stressed about how
they will have to manage their life after degree, espe-
cially in the context of COVID-19 pandemic.

Our study presented several limitations. All univer-
sity students were invited to participate in the study but
only about 3,000 students decided to participate in the
survey; no data on non-respondents are available, so se-
lection bias cannot be excluded. For this reason, the
sample could not be certainly considered as representa-
tive of the Florentine university students, which limits
the generalizability of the results. Finally, cross sectional
study design does not allow to interpret the associations
as causal. On the other hand, the strong methodologi-
cal approach in analyzing SoC (also considering clas-
sification according to cluster analysis instead) and its
predictors using (with different approaches) constitute
a strength.

CONCLUSIONS

Despite the huge impact of the pandemic on univer-
sity students’ lives, there are few studies that have inves-
tigated their mental health status and personal charac-
teristics to forefront this critical situation. Investigating
university students’ SoC during the pandemic could al-
low to better understand how students live and perceive
the current situation, as well as the limits and strengths
they use to recover from this situation. Additionally, it
appears urgent to identify specific groups of university
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students that are more at risk of lower SoC and with
fewer personal resources to deal with this situation and
maintain a propositional perspective.

The results obtained through the present cross-sec-
tional study conducted in a sample of university stu-
dents from the University of Florence at the beginning
of the second wave of the COVID-19 pandemic high-
lighted the role of demographic and economic deter-
minants of SoC; in particular, older females with lower
socio-economic condition presented worse ‘trust in life’,
with possible negative impact on health and well-being.

These results reinforce the need to plan and imple-
ment health promotion interventions aimed to support
and sustain university students in general and specifi-
cally those at higher risk, favoring the improvement
of their SoC. In particular, there is a need to act upon
those factors that have been identified as relevant in the
promotion of university students’ SoC level [40].

Furthermore, recently researchers stated that the cre-
ation of an enabling environment for youngers through
financial support promotes general health status, mental
health, decisions, and behaviors [40]. In particular, spe-
cific examples of financial support for university students
could be tax reliefs, such as tax cuts of university rates.

Regarding the group of students at risk of low SoC,
specific intervention to sustain them could involve
those who are perceived as influential by others. This
strategy seems to be efficient taking into account what
are the characteristics of an enabling environment dur-
ing COVID-19 pandemic that have been identified by
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exposure through jarred fruit purees
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Abstract

Introduction. Chemicals in foods enter the human body from early life likely posing
chronic toxic health risks in the future. This study aimed to estimate the exposure to
ethanol and methanol in children consuming an acceptable daily amount of fruit purees.
Methods. Different fruit purees were purchased and measured for methanol and ethanol
by using HS-GC. The exposure dose of these alcohols was calculated based on a con-
sumption of 125-250 g of fruit purees in children weighing 7, 12 and 16 kg.

Results. The highest methanol was found in carrot-apple puree (29.07 mg/dL) and etha-
nol in peach-banana puree (42.07 mg/dL). Daily methanol exposure was estimated be-
tween 4.54 and 6.06, and ethanol between 6.57 and 8.76 mg/kg bw.

Conclusions. Our results show higher exposure doses of methanol and ethanol than al-
lowable ones (methanol 2 and ethanol 6 mg/kg/day) in children consuming fruit purees.
This should be handled as a public health risk and further comprehensive studies should
be enrolled on the chronic toxic effects of food-derived alcohols. Besides, food-derived
exposure to toxic chemicals from early life should be more questioned by physicians (in
assessing chronic diseases), and related authorities should establish a sustainable, safe,

Key words
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e cthanol
e fruit puree
¢ methanol

and healthy food production policy.

INTRODUCTION

Human beings are exposed to various chemical sub-
stances through nutrition from the mother’s womb.
In addition to genetic and phenotypic effects, chemi-
cals taken into the body for a long time, albeit in low
amounts, can affect the health status of people through-
out their lives. The most important of these are chemi-
cals that are exposed during infancy and childhood
when development and growth are rapid. In the healthy
and balanced diet of children, ready-made complemen-
tary foods mainly based on fruits and vegetables (e.g.,
jarred baby foods and fruit purees) are often preferred
and most of them are consumed from the 4-6 months of
life [1]. Infants (0-9 months) require three times more
energy than an adult (30-59 years) and eat more food
per kilogram of body weight (bw) than adults which
make them more vulnerable to toxic effects of hazard-
ous chemicals [2].

Industrial food products designed for infants and
children available on markets are regulated by some
directives in several countries especially in European
Union (EU) to monitor dietary exposure to potentially
toxic chemicals in children. These directives include use
of additives and materials (coming into contact with
foods), presence of contaminants and other toxic sub-
stances (e.g., pesticides), and measures about hygiene
[3]. However, no provisions about methanol and etha-

nol as well as some endocrine disrupters in baby foods
are available.

Ethanol can be found in foods as a natural fermenta-
tion product produced by the action of alcohol dehy-
drogenase from pyruvate under hypoxic conditions, as
well as added to foods as a solvent, preservative and fla-
voring agent in the food industry. Alcoholic beverages
contain more than a certain ratio (>3-5%, v/v) which
must be stated on product labels. If the ethanol content
is below this specified rate, these products are consid-
ered soft drinks or non-alcoholic foods and no labeling
about the alcohol content is mandatory [4, 5]. Ethanol
is also a commonly used excipient in medications and
although its safety limits in pediatric formulations are
regulated, some countries question replacing them with
alcohol-free formulations since higher ethanol levels
than proposed by international guides were found on
some pediatric formulations’ leaflets [6].

Present data on the effect of ethanol in children is
based mainly on acute poisoning cases or studies en-
rolled in adults or animals. Ethanol may cause acute
poisoning symptoms in children at a level of 0.3 g/kg
and death at 3 g/kg. There is inadequate data about
the effect of low dose ethanol exposure in pediatric
population. Committee for Human Medicinal Prod-
ucts (CHMP) proposed not to use traditional herbal
medications in children younger than two years, and
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suggested a critical blood alcohol concentration (BAC)
of 0.125 g/L, at which psychomotor impairment can ap-
pear, and calculated a max ethanol dose of 1.5 g for 6
years old (20 kg) child [7]. The blood ethanol should
not exceed 1 mg/dL (or 0.01 g/L or a dose of 6 mg/kg)
in children less than 6 years old. According to CHMP
(questions and answers on ethanol in the context of the
revision of the guideline on “Excipients in the Label
and Package Leaflet of Medicinal Products for Human
Use”) French Medicines Agency and Food and Drug
Administration (FDA) suggested not to use ethanol
in pediatric medicines unless necessary and the World
Health Organization (WHO) recommended an ethanol
limit less than 0.5% in over the counter products pre-
pared for children under 6 years old [8].

Methanol is a commonly used industrial solvent, and
a raw material for the production of several compounds
such as formaldehyde, acetic acid, and methyl tertiary
butyl ether. It is also frequently utilized as a sample ex-
traction solvent in routine or research laboratories. Di-
etary methanol is consumed via fruits and fruit-based
products, vegetables, fermented beverages and aspar-
tame (artificial sweetener). It is present in plants as both
free alcohol and a major component of pectin. Pectin is
a gelling agent and contains methyl esters of polygalact-
uronic acid. The utilization of methyl esterase during in-
dustrial food processing leads to the release of methanol
by the decomposition of methyl esters. The European
Food Safety Authority (EFSA) suggested a reduction of
the maximum permitted level (10 g/L) of pectin in baby
foods, and moreover, the Scientific Committee on Food
(SCF) suggested not to use pectin in baby foods [9].
Daily ingestion of 90% methylated pectin (2,000-2,600
mg/kg bw) via foods can induce significant exposure to
methanol (91.6-119.4 mg/kg bw) which may threaten
an infant’s health. It is considered that all methanol is
transformed to formaldehyde and then to formaldehyde
acetal which may lead to an increase in the intracellular
formaldehyde level at a rate of 70% by 91.6 mg/kg per
day methanol. This amount of formaldehyde exceeds
the upper limit of natural level (blood steady state con-
centration: 2.25 mg/L in rats, 2.6 mg/L in human; intra-
cellular level: 12 mg/L in human) [9, 10]. Methanol is
also produced endogenously during normal metabolism
including the amino acid and methanol metabolism, one
carbon pool, P450-linked demethylations, and lipid per-
oxidation and exist in all body fluids due to its water
solubility [10, 11]. It is claimed that methanol is a neu-
rodevelopmental toxicant leading to autistic disorders
if ingested by pregnant women, where this toxicity is
particularly associated with formaldehyde [12]. Form-
aldehyde is defined as a class I carcinogen. It can be
built in various parts of the body (blood vessels, brain,
heart, breast, skin, bone) by the action of aldehyde de-
hydrogenase 1 (ADH 1) [13]. Formic acid is produced
rapidly from formaldehyde (half-life: ~1 min) by the ac-
tivity of formaldehyde dehydrogenase and transformed
to carbon dioxide through the action of formyl-tetrahy-
drofolate (THF) synthetase and formyl-THF dehydro-
genase where THF (coenzyme of folic acid) deficiency
may lead to formic acid accumulation and then acidosis
[14]. Thus, the oxidation of formic acid varies among

individuals (even in different ages) and species (twice
as slow in humans compared to rats) depending on the
availability of folate [15, 16].

In this study, it was aimed to evaluate whether infants
and children are at risk of food-derived chemicals, such
as methanol and ethanol. Hence, ethanol and methanol
ingredients of jarred fruit purees were measured, and
the daily exposure amounts of these alcohols were es-
timated.

MATERIAL AND METHODS
Chemicals

All chemicals and reagents used in laboratory works
were of analytical grade. Methanol and ethanol as stan-
dard solutions, and n-propanol as internal standard so-
lution were obtained from Merck. Ultrapure water was
obtained from Medical Industrial Systems Minipure
(MES Mp) water system (Turkey).

Food samples

Different jarred fruit purees (n=12) under different
brand names (n=4, each 125 g) were purchased from
supermarkets. The jars were held at room temperature
(max: 1h) until opening for alcohol measurements and
closed and put into the refrigerator after sampling.

Sample preparation and instrumental analysis

All fruit puree samples (800 pL) were mixed with in-
ternal standard (200 pL from 40 mg/dL n-propanol) in
a 20 mL headspace vial and analyzed using headspace
gas chromatography — flame ionization detector (HS-
GC-FID). The instrumental properties of the device
are presented in Table 1. Every batch (12 samples) of

Table 1
Instrumental properties of headspace gas chromatography

Equipment Agilent, 7890B GC and 7694E
headspace (HS)

Detector Flame ionization detector (dual
detector)

Carrier gas Helium

Detector gas Hydrogen and dry air

Column DB-ALC1 and DBA-ALC2 30 m /
0.320 mm / 1.80 um, 30 m / 0.320
mm /1.2 um)

Mode Split (ratio 20:1)

Injection time 1 min

Injection temperature 250°C

Vial temperature 70°C

Loop temperature 80 °C

Transfer line temperature 90 °C

Pressure build-up time 3 min
Detector temperature 260 °C
Analysis time 6 min

Thermostatic temperature 80 °C
Thermostation time 15 min

HS: headspace; GC: Gas chromatography; DB-ALC1: Alcohol analysis coloumn1;
DB-ALC2: Alcohol analysis coloumn2.
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the analysis involved negative and positive control sam-
ples at the beginning and at the end. Each sample was
measured twice and the mean value was obtained.

Calibration and validation of the method

Standard (pure) ethanol and methanol solutions
(diluted with distilled water) at increasing concentra-
tions between 1-100 mg/dL were used for drawing
the calibration curves of ethanol and methanol. Ma-
trix based calibration was not possible because of no
available reference standard materials for fruit purees.
But we prepared a sample pool of fruit purees from
different jars and used it as quality control (QC) sam-
ple in validation studies. Validation of the method was
evaluated by using three different (low, mid, and high
concentrated) QC samples by means of linearity (r2),
sensitivity (limit of detection, LOD, limit of quantifica-
tion, LOQ), repeatability (relative standard deviation,
RSD), accuracy (bias), recovery and carryover based
on the guideline related to method validation [17].
Repeatability and accuracy were tested by 5 runs in a
day (intra-day), and every day up to 5 days (inter-day).
Sensitivity was determined by ten-time measurements
of the lowest quality control sample in the same batch.
Selectivity was evaluated by the runs of mixed alcohol
(ethanol, methanol, acetone, isopropyl alcohol, and
toluene) spiked QC and blank samples (non-spiked
QC and standard solution samples) each with three re-
peats. Recovery was calculated from the measurements
(n=3) of QC and standard samples for three different
concentrations. Before using the pooled puree sample
its initial (existing) alcohol content was measured and
considered during the final calculations. Carryover
was tested by repeated analysis of high concentrated
(above and near the highest calibration point) spiked
samples and a blank sample (n=3) consecutively, where
the blank sample should not show any acceptable peak
for targeted analytes.

Statistics

Alcohol ingredients of fruit puree samples were deter-
mined by HS-GC software tool according to validated
calibration curve of the method. Further calculations
were performed using MS Excel program. Average
daily intake of alcohols via fruit purees for kids weight-
ing between 7 and 16 kg (~4 month-4 years old) was
estimated by considering a consumption of one (125
g) and two jars (250 g) of fruit purees daily. Daily expo-
sure amounts of methanol and alcohol were presented

as mg/kg bw.

RESULTS

Acceptable values were achieved by method valida-
tion studies. The mean bias value was 2.74% for metha-
nol, 4.10% for ethanol, and RSD was 1.36% for metha-
nol, 1.53% for ethanol after intra- and inter-day analysis
of QC samples (low, mid, and high concentrated, n=5).
LOD and LOQ were found 0.47 and 1.58 mg/dL for
methanol, 1.34 and 4.5 mg/dL for ethanol respectively.
The method was linear between 2.96 and 94.8 mg/dL
with a calibration coefficient (1?) of 0.9995. No carry-
over was observed after a high concentrated sample
analysis, as well as no interference after analyzing mul-
tiple alcohols in the same sample, all analytes appeared
separately in their own scheduled time (retention time).
Recovery was found between 82 and 112% for three dif-
ferent concentrations. Methanol and ethanol contents
of fruit purees, the total methanol and ethanol ingredi-
ent of each fruit puree jar and estimated daily expo-
sure levels of children are summarized in Table 2 and
Table 3. It is supposed that small kids around 7 kg or
4-6 months old may consume one jar (125 g) of fruit
puree in a day, whereas older kids around 12 and 16
kg or 3-4 years old may consume at least two jars daily.
Considering these conjectures small kids may consume
methanol between 8.01 and 36.34 mg/day (1.14-5.19
mg/kg bw) and ethanol between 6.48 and 52.59 mg/day

1!\-/Te|z:1ea§ol ingredients of fruit purees and estimated daily exposure level by consumption of one or two jars based on different body
weights (bw)
Fruit puree Methanol Methanol Daily Methanol Daily Daily
mg/dL in one jar exposure in two jars exposure exposure
(mg) mg/kg bw (mg) mg/kg bw mg/kg bw
(7 kg) (12kg) (16 kg)
1 (plum 1) 7.96 9.95 142 19.90 1.66 1.24
2 (peach and banana) 1535 19.19 274 38.38 3.20 240
3 (apple) 9.12 11.40 1.63 22.80 1.90 143
4 (peach and apple) 10.55 13.19 1.88 26.38 2.20 1.65
5 (apple and banana) 10.05 12.56 1.79 25.13 2.09 157
6 (mixed fruits) 743 9.29 1.33 18.58 1.55 1.16
7 (apple 2) 6.41 8.01 1.14 16.03 1.34 1.00
8 (banana, mandarin and apple) 737 9.21 132 1843 1.54 1.15
9 (plum 2) 6.85 8.56 1.22 17.13 143 1.07
10 (apple and pear) 17.67 22.09 3.16 4418 3.68 2.76
11 (carrot and apple) 29.07 36.34 5.19 7268 6.06 454
12 (apple and peach) 11.51 14.39 2.06 28.78 240 1.80
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Ethanol ingredients of fruit purees and estimated daily exposure level by consumption of one or two jars based on different body

Table 3

weights (bw)
Fruit puree Ethanol Ethanol in

mg/dL one jar
(mg)

1 (plum 1) 18.89 23.61
2 (peach and banana) 42.07 52.59
3 (apple) ND -
4 (peach and apple) 5.18 648
5 (apple and banana) 11.59 1449
6 (mixed fruits) 7.78 9.73
7 (apple 2) 553 6.91
8 (banana, mandarin and apple) 8.03 10.04
9 (plum 2) 15.15 18.94
10 (apple and pear) 15.70 19.63
11 (carrot and apple) ND -
12 (apple and peach) 14.18 17.73

ND: not detected; -: below the limit of quantification (LOQ).

(0.93-7.51 mg/kg bw), older kids may consume metha-
nol between 16 and 73 mg/day (1.34-6.06 mg/kg bw for
12 kg and 1-4.54 mg/kg bw for 16 kg kids) and ethanol
between 12.95 and 105.18 mg/day (1.08-8.76 mg/kg bw
for 12 kg and 0.81-6.57 mg/kg bw for 16 kg kids). The
highest methanol ingredient was measured in carrot-
apple puree (29.07 mg/dL) in which ethanol was not
detected, followed by apple-pear (17.67 mg/dL.), peach-
banana (15.35 mg/dL.), and apple-peach (11.51 mg/dL)
purees. The highest ethanol was measured in peach-
banana (42.07 mg/dL), followed by plum 1 (18.89 mg/
dL), apple-pear (15.70 mg/dL.), apple-peach (14.18 mg/
dL) and apple-banana (11.59 mg/dL) purees. It seems
that apple containing purees involve methanol (more
content of pectin), whereas banana containing purees
involve ethanol (more fermentation during ripening)
primarily.

DISCUSSION

Acute methanol exposures of human can pose visual
problems (from blurred vision to blindness), neurologi-
cal symptoms (persistent motor dysfunction), meta-
bolic acidosis, and dermatitis through dermal contact.
Chronic methanol exposure (oral or inhalation) can
cause gastric problems, visual disturbances, conjunc-
tivitis, blindness, headache, giddiness, nausea, and in-
somnia in humans [18-20]. When these symptoms are
forefront and methanol exposure is evident by the indi-
vidual's statement necessary treatment and preventive
measures can be taken. But chronic methanol intake,
in low doses, through nutrition especially beginning
from an early age may lead to some health problems or
may contribute to the emergence of chronic diseases in
older ages where the effect of food-derived methanol is
not considered. The industrial production of food, the
degradation of pectin in fruits and vegetables, and the
hydrolysis of aspartame, a sweetener, release methanol

Daily Ethanol in Daily Daily
exposure two jars exposure exposure
mg/kg bw (mg) mg/kg bw mg/kg bw

(7 kg) (12 kg) (16 kg)

337 47.23 3.94 2.95
7.51 105.18 8.76 6.57
0.93 12.95 1.08 0.81
2.07 28.98 241 1.81
1.39 19.45 1.62 1.22
0.99 13.83 1.15 0.86
143 20.08 1.67 1.25
271 37.88 3.16 237
2.80 39.25 3.27 245
2.53 3545 2.95 222

which may pose a potential health risk to human most
notably infants and children [9, 21]. A study suggested
that the mothers of autistic-born children were exposed
to higher dietary methanol (142.31 mg/week) than
mothers of non-autistic children indicating intrauterine
toxicity of methanol [22].

According to the data of EFSA [21] on the metha-
nol composition based on pectin contents in different
foods, fruit and fruit products contain 531 mg/kg meth-
anol which corresponds to 53.1 mg methanol intake
for a child consuming 100 g of these foods. Given the
methanol content in fruit purees (3,673 mg) evaluated
in this study and fruit products mentioned in the EFSA
opinion, the maximum daily methanol consumption
would exceed the human MADL (maximum allow-
able dose level, 23 mg/day) suggested by the Office of
Environmental Health Hazard Assessment (OEHHA)
(https://oehha.ca.gov/proposition-65/crnr/proposed-
specific-regulatory-levels-chemicals-causing-reproduc-
tive-toxicity) even if children consume these foods in
acceptable quantities.

The EFSA Panel estimated the methanol exposure via
baby foods as 43.2 mg/kg bw (in case of 1,084 mg/kg bw/
day pectin exposure, 95 percentile) for infants younger
than 16 weeks and 50% lower exposure for infants older
than 16 weeks. This required them to take precautions
on reducing the maximum permissible pectin level in
special foods for infants and children in order to pre-
vent toxic exposure to methanol [9]. Methanol con-
sumption via fruit purees corresponds to a maximum
of 5.19-6.06 mg/kg bw methanol exposure for children
weighing 7-12 kg (16 weeks-4 years); these values are
lower than those estimated by the EFSA Panel. How-
ever, given that infants or children may ingest different
types of foods that contribute to the release of different
amounts of methanol in their bodies, exposure may rise
up to the amounts specified by EFSA. Moreover, the
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individual differences in the metabolism of methanol
into its toxic metabolites formaldehyde and formate via
aldehyde dehydrogenases along with the availability of
folate are also important factors in the chronic toxicity
of methanol [16]. ADH, in humans, is the main actor in
oxidation of alcohols (ethanol and methanol) especially
in low dose exposures. Children below 5 years old have
reduced ADH activity. It is claimed that infants have
20-50% of adult ADH activity indicating that some in-
fants may use catalase to eliminate methanol especially
in high exposures [23, 24]. But little is known about
the metabolism of methanol in infants since catalase
has not been observed in adult methanol metabolism.
Several studies in rats, mice, and monkeys have shown
some cellular effects of methanol, especially in liver and
brain tissues after 90 days of chronic exposure [25-28].
Some carcinogenicity studies in animals revealed in-
creased incidence in cancer diseases involving ear duct,
bone, and hemolymphoreticular tumors [25] .

The endogenous blood methanol level is considered
to be below 0.25 mg/dL.. The Environmental Protection
Agency (EPA) (https://iris.epa.gov/static/pdfs/0305tr.
pdf) recommended an oral reference dose of 2 mg/kg
methanol per day for humans. Considering this data,
approximately half of the fruit purees evaluated in this
study exceed the allowable methanol dose when eaten
in specified amounts by children. CPMP used the Wid-
mark equation to make approximate assumptions on
pediatric blood alcohol [8]. So, the same formula may
also be applied to methanol having similar pharmacoki-
netic properties. A 12 kg child consuming 72.68 mg of
methanol (carrot-apple puree) will have a blood metha-
nol level of around 1.1 mg/dL, 4 times higher than nor-
mal, consistent with previous estimated findings (0.76
to 1.11 mg/dL) for fruit and fruit products [29].

It is known that acute or chronic exposure to ethanol
poses a health risk. It affects various systems and can
contribute to different diseases such as cancer, diabetes
mellitus, cardiovascular and neurological disorders. The
main oxidation pathway of ethanol results in the pro-
duction of acetaldehyde (toxic, carcinogenic) followed
by acetate, through reactions catalyzed by ADH and ac-
etaldehyde dehydrogenase [30]. An alternative way uses
cytochrome enzymes where oxygen radicals are the by-
product and may contribute to oxidative damage [31].
As in methanol, there are genetic variations in ethanol
metabolizing enzymes among people even genders and
different ages which clarifies why the same amount of
alcohol causes different effects among individuals. Our
knowledge on ethanol metabolism and ethanol exposure
consequences in children are obtained from poisoning
cases or studies enrolled in adults or animals [25, 32].
There are some studies that measured the ethanol con-
tents of various nonalcoholic foods or beverages and
estimated the exposure amount and discussed their con-
sequences to remark on the topic that nonalcoholic con-
sidered foods or products are not alcohol-free. Ethanol
ingredients of flavored beverages and soft drinks were
found between 0 and 0.096% w/v. This was explained
with that ethanol is a commonly used chemical as a car-
rier of volatiles and flavoring materials in the production
of beverages and with artificial flavoring agents contain-

ing ethanol [4]. Various fruit juices such as grape, apple
and orange juices were found to contain considerable
amounts of ethanol, up to 0.77 ¢/L,, and led to an av-
erage ethanol exposure of 10.3 mg/kg bw/day which is
higher than the critical dose (6 mg/kg bw) accepted for
children under 6 years old [33]. In a recent study, a simi-
lar result was also found for fruit juices where the blood
ethanol concentration they posed was also estimated.
The estimated ethanol exposures in children were above
the risky level when they consume certain amounts of
fruits or fruit juices [29]. Also, in this study, we found
that fruit purees, the most preferred food for small kids
in many countries, could lead to an ethanol exposure of
up to 8.76 mg/kg bw per day considering a minimum
consumption amount in children weighing between 7
and 16 kg (Table 3). The approximate blood ethanol level
of a 12 kg weighing child consuming 105.18 mg ethanol
(peach-banana puree) will be 1.46 mg/dL exceeding the
suggested normal level (1mg/dL) [8].

Initially, both methanol and ethanol are oxidized
with the same enzyme (ADH) which has a greater af-
finity (20 folds) for ethanol than methanol. In addition
to this, children under 5 years have low ADH activity
than adults. So, children are more vulnerable to chronic
toxic effects of alcohols than older ones. But consid-
ering that methanol (more toxic than ethanol) almost
exists with ethanol in most of purees evaluated in the
current work, its toxic consequences would be reduced
by ethanol (due to high enzyme affinity), which is
relatively less dangerous. However, methanol derived
from food additives would not be prevented by etha-
nol and metabolized by entering additional pathways
(cytochrome P and catalase) and would play role in the
occurrence of chronic health problems in children’s fu-
ture life. Assuming that fruit purees are made from ripe
fruits, methanol may accumulate by the action of pectin
methylesterase and ethanol by the yeast fermentation
of sugars during the ripening of these fruits and then
may be transferred to kids by nutrition [14].

CONCLUSIONS

Long-term and continuous consumption of fruits and
vegetables, especially industrially produced ones, can
create more alcohol exposure (namely methanol and
ethanol) than expected contributing to gradual cell and
tissue damage, and playing an additive role in the eti-
ology of some chronic diseases (autism, liver diseases,
cancer, diabetes, neurological disorders, etc.) along with
the presence of metabolic and genetic predispositions
(e.g., folate deficiency, ADH variations). In this pilot
study made on a limited number of samples ethanol
and methanol exposure levels of children (7-16 kg or 4
months-4 years) consuming estimated amounts of dif-
ferent fruit purees were evaluated. The results showed
that the maximum methanol consumption was 73 mg/
day, exceeding the level suggested by OEHHA, and
ethanol consumption 105 mg/day, leading to exceed the
blood ethanol level recommended by CHMP. Based
on this findings and current evidences [34-36] and the
different susceptibility of children to certain chemicals
present in food products, significant regulations should
be put into effect.



ETHANOL/METHANOL EXPOSURE VIA FRUIT PUREE

In conclusion, we have to pay attention to what and
how much food we and our children eat. In order to
produce natural and safe foods, especially for infants,
and to eliminate chronic food-borne toxicity, authori-
ties should determine food ingredients, make regula-
tions regarding food additives, preservatives and con-
taminants, and constantly inspect them. In addition,
more comprehensive research on industrial foods for
infants and children should be performed in future.
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Abstract Key words
Background. This study aimed to assess the performance of ChatGPT, a large language | * ChatGPT

model (LLM), on the Italian State Exam for Medical Residency (SSM) test to determine medical education
its potential as a tool for medical education and clinical decision-making support. clinical reasoning
Materials and methods. A total of 136 questions were obtained from the official SSM artificial intelligence
test. ChatGPT responses were analyzed and compared to the performance of medical examination performance
doctors who took the test in 2022. Questions were classified into clinical cases (CC) and

notional questions (NQ).

Results. ChatGPT achieved an overall accuracy of 90.44%, with higher performance on

clinical cases (92.45%) than on notional questions (89.15%). Compared to medical doc-

tors’ scores, ChatGPT performance was higher than 99.6% of the participants.

Conclusions. These results suggest that ChatGPT holds promise as a valuable tool in

clinical decision-making, particularly in the context of clinical reasoning. Further re-

search is needed to explore the potential applications and implementation of large lan-

guage models (LLMs) in medical education and medical practice.

INTRODUCTION

In recent years, there has been a growing interest in
the application of artificial intelligence (Al) in health-
care. Al technologies have been applied in different
fields of medicine, showing promising results [1-3]. Al
has the potential to overcome errors made by doctors in
decision-making, which are due to lack of knowledge,
the so-called “salient distracting clinical features”, and
irrelevant factors, such as current mood, time since the
last meal, or the weather [3, 4]. One promising devel-
opment in this area is the use of large language models
(LLMs), such as ChatGPT, to assist in clinical reason-
ing and decision-making [5].

ChatGPT is a general LLM developed by OpenAl,
an organization founded in December 2015, with the
primary objective of promoting responsible and ben-
eficial applications of artificial general intelligence for
society, that has been trained on a massive corpus of
text data from the internet via reinforcement and su-
pervised learning methods. Unlike traditional rule-
based systems, LLMs can process natural language
input and generate output similar to human-generated

text (https://openai.com/about). ChatGPT, specifically,
has garnered significant attention due to its ability to
perform a diverse array of natural language tasks, and
exhibit evidence of deductive reasoning, the chain of
thought, and long-term dependency skills (https://ope-
nai.com/).

Although initially it seemed that research on Chat-
GPT'’s role in clinical settings was sparse, recent litera-
ture indicates a burgeoning interest in this area. Studies
like Liu et al. [6] highlighted the utility of ChatGPT in
routine clinical practice. At the same time, Ferdush et
al. delved into the broader implications, applications,
and limitations of ChatGPT in clinical decision support
[6, 7]. Particularly notable is the work by Alessandri
Bonetti et al., which specifically investigated ChatGPT’s
performance on the Italian Residency Admission Na-
tional Exam, drawing comparisons to a vast cohort of
medical graduates [8].

The purpose of this study is to determine its potential
as a tool for clinical decision-making support, by assess-
ing the performance of ChatGPT on a test performed
by graduated medical students to become medical resi-
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dents (the Italian State Exam for Medical Residency
(SSM) test). Specifically, we aimed to evaluate the ac-
curacy of ChatGPT responses to questions from the
SSM test, and compare its performance to that of medi-
cal doctors who had taken the test in 2022.

METHODS
Artificial intelligence

ChatGPT is a language model developed by OpenAl
(https://openai.com/blog/chatgpt). It uses advanced
self-attention mechanisms and a vast corpus of train-
ing data to generate natural language responses in a
conversational context. ChatGPT is especially adept
at handling complex dependencies over long distances
and can produce coherent and contextually appropriate
responses. While it has been trained on vast amounts of
text data from the internet, it operates in a standalone
mode once trained. This means that ChatGPT cannot
actively access or browse the internet post-training. All
responses it generates come from its internal knowl-
edge, based on the data it was initially trained on, until
its last update in 2021. Thus, any insights or informa-
tion it provides reflects its training data and not from
real-time online searches (https:/openai.com/blog/
chatgpt). Consequently, all responses are generated
internally, based on the abstract relationships between
input words in the neural network.

Dataset

The Italian State Exam for Medical Residency (SSM)
is a comprehensive standardized testing program cover-
ing all topics in physicians’ fund of knowledge (https://
www.universitaly.it/). The difficulty and complexity of
questions in the SSM test are highly standardized and
regulated, making it an ideal input substrate for Al test-
ing. A total of 140 publicly-available multiple-choice
practice questions were obtained from the official web-
site of the SSM released in July 2022, which ensured
that all inputs represented accurate out-of-training
samples for the GPT-3.5 model. To verify this, a ran-
dom sample of questions was checked to ensure that
none of the answers, explanations, or related content
were available on Google before January 1, 2022, rep-
resenting the last date accessible to the ChatGPT train-
ing dataset. Any questions containing visual assets such
as clinical images, medical photography, and graphs
were removed (questions 13, 83, 84, 85), resulting in
136 items available for encoding. Questions were classi-
fied into two categories: clinical case (CC) and notional
question (NQ). Two research operators blindly assigned
the test questions to one of these categories and a third
one resolved discordant assignments. All the research-
ers involved in this task are licensed physicians. A total

Table 1
Descriptive statistics of ChatGPT answers to the SSM test

Overall score NQ score

ChatGPT answers 123/136 (90.44%) 74/83 (89.15%)

49/53 (92.45%)

of 17 items (12.5% of the dataset) required arbitration.
The final dataset consisted of 136 questions, of which
83 NQ questions and 53 CC questions.

Input and output

Questions were formatted into single multiple-choice
answers. A new chat session was started in ChatGPT
for each entry to reduce memory retention bias. In case
of elusive, unclear answers, a single attempt was made
to force the Al to answer with one of the options avail-
able. The input phrase “Answer with the correct option
only” was used to do so. It was coded as incorrect if the
answer was still elusive or unclear. Given that the SSM
test is written in Italian, all the inputs were submitted in
Italian on March 6, 2023.

Statistical analysis

Firstly, Al outputs were dichotomized (l=correct;
O=incorrect). Then, the overall score, clinical case score
and notional question score were calculated. Adjusted
score on a 140-point scale to compare overall results
was calculated with the criteria of the official SSM test,
awarding 1 point for each correct answer and -0.25 for
the incorrect ones. The overall scores of the medical
doctors (MDs) were anonymously retrieved from the
official ministerial website. A descriptive analysis of
the data was performed. Al score was compared to the
mean and median scores of medical doctors who took
the same test in 2022. Percentile distribution was calcu-
lated to locate the Al-adjusted overall score.

RESULTS

ChatGPT answered 90.44% of the questions correct-
ly. It scored slightly higher on clinical cases compared
to notional questions (92.45% vs 89.15%). The score
adjusted on a 140-point scale was 123.27 following the
SSM test criteria of evaluation. A detailed description
of the Al answer scores is provided in Table 1.

Regarding the distribution of MDs scores, the
mean value was 79.42/140, and the median value was
80.75/140 out of a total population of 15,869 partici-
pants. The quartile distribution is provided in Figure 1.

Analyzing percentile distribution, ChatGPT scored
higher than 99.6% of the MDs who took the SSM test
in 2022.

DISCUSSION

The present study investigated the feasibility of using
ChatGPT as a clinical reasoning and decision-making
tool. ChatGPT performance on the SSM test, a stan-
dardized assessment for evaluating clinical reasoning
skills and medical knowledge in medical doctors enter-
ing residency programs, was assessed.

CCscore Adj score by SSM Adj score by SSM
criteria test criteriaon a
140 scale

119.75/136 (88.05%)  123.27/140 (88.05%)

NQ: notional question; CC: clinical cases; SSM: Italian State Exam for Medical Residency.
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Figure 1

Quartile distribution of SSM test score in 2022. SSM: Italian State Exam for Medical Residency.

Our results demonstrated that ChatGPT achieved
an overall score of 90.44% on the SSM test, higher
than other studies on different datasets. A study con-
ducted by Gilson et al. examined ChatGPT’s abilities
in the medical field by evaluating its performance on
the NBME-Free-Step-1 dataset, which is a part of the
USMLE (United States Medical Licensing Examina-
tion) [9]. According to their report, ChatGPT exceeded
the 60% threshold, which is equivalent to a passing score
for a third-year medical student. Additionally, the study
highlighted ChatGPT'’s proficiency in providing logical
and informative context for most of its responses. These
findings suggest that ChatGPT has the potential to be
a valuable medical education tool, capable of enhanc-
ing and potentially transforming the learning process.
Compared to our findings, the improved performance
on the SSM test can be determined by the type of ques-
tions, the language in which the test was administered,
variations in exam structure, such as the balance be-
tween multiple-choice and descriptive questions, and
the different region-specific fine-tuning of ChatGPT.

This high level of accuracy is particularly encouraging
given the complexity of the SSM test, which requires to
integrate knowledge from multiple sources, making di-
agnostic decisions, and prioritizing patient care. Com-
pared to the doctors’ results of the 2022 test, ChatGPT
achieved a higher score than 99.6% of the participants.

In a recent study by Bonetti et al. [8], ChatGPT was
found to correctly answer 122 out of 140 questions on

the Italian Residency Admission National Test, posi-
tioning it in the top 98.8th percentile among 15,869
medical graduates. Notably, they observed errors in
ten questions evaluating direct basic science medi-
cal knowledge and in eight questions gauging applied
clinical knowledge. Logical errors appeared in two in-
stances, while informational errors were more frequent,
noted in 16 instances. These comparative insights from
the two studies, both based on the Italian Residency
Admission National Test, underscore the remarkable
potential of ChatGPT in medical examinations and
clinical decision-making.

Given the performance results of ChatGPT on clini-
cal case scenarios, and the emerging evidence of Al
applications [10, 11], LLMs have been proven to have
the potential to be an effective support for physicians
in clinical decisions. However, to become valuable and
helpful tools in support of healthcare professionals,
LLMs should be tested and validated, and the sourc-
es with which ChatGPT constructs the answers must
be clear and evident. Moreover, ChatGPT has limited
knowledge of the world and events after 2021, with the
risk of a lack of information about innovation in clinical
practice and diagnosis.

ChatGPT is a useful tool for quickly summarizing
the latest medical knowledge, echoing the philosophy
of Evidence-Based Medicine but with greater imme-
diacy. While its prowess in quickly synthesizing infor-
mation is undeniable, over-reliance on these tools may
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lead to the solidification of certain medical practices,
especially in contexts that foster defensive medicine. As
underscored by Beaulieu-Jones et al., while Al aids in
decision-making, the physician’s adaptive judgment and
experience remain irreplaceable, ensuring nuanced and
dynamic clinical decisions [12].

This study has some limitations. Firstly, the sample
size is relatively small, as the Al was tested only on the
SSM test, including 136 multiple-choice questions.
Secondly, the test was written in Italian, and the results
may not be generalizable to other languages. Finally,
the study only evaluated ChatGPT performance on the
SSM test and did not evaluate its potential in every area
of medical knowledge.

CONCLUSIONS
This study provides preliminary evidence that Chat-
GPT has the potential to support clinical decisions, par-
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Abstract Key words
Introduction. In the last decade, the significant expenditure and consumption increase | © cholecalciferol
of vitamin D in Italy led some regions to adopt strategies to improve prescribing appro- | ® expenditure
priateness and contain expenditure. * intervention

Materials and methods. Using the statistical analysis method of interrupted time series | © prescriptive

for consumption and expenditure of cholecalciferol, different types of interventions ad- appropriateness
opted in four Italian regions and their efficacy were evaluated. e interrupted time series
Results. Molise achieved the best results by adopting a health professionals’ education

program in addition to a prescriber-sanction system. Emilia-Romagna also opted for a

medical education strategy, but the results were less relevant due to the lack of penalties.

Lazio obtained a slowdown in consumption growth by targeting on the utilization of

lower-cost per defined daily dose (DDD) packs and adopting a therapeutic plan. Sar-

dinia showed a decrease in expenditure by adopting a target threshold of lower-cost

formulation.

Conclusion. The reimbursement of the lowest-cost packs within the National Health

Service (NHS) undoubtedly influences spending trend, but it does not solve prescriptive

inappropriateness.

INTRODUCTION

Vitamin D’s role in bone tissue physiology has long
been known, specifically in promoting formation and
mineralization processes [1].

In the clinical context, there is a general agreement
that vitamin D contributes to bone health and, when
combined with calcium, if indicated, protects against
bone demineralization, especially in the elderly [2-
5]. Several observational studies on cardiomyopathy,
neoplasms, and degenerative diseases found a worse
health status in people with low 25-OH vitamin D
levels. These findings prompted the development of
randomized clinical trials (RCTs) to evaluate the po-
tential extra-skeletal effects of vitamin D supplementa-
tion. However, the results of numerous RCTs did not
confirm these assumptions but outlined ineffectiveness
areas of vitamin D supplementation, especially in on-
cology and cardiology. In these studies, despite the use
of relatively high doses (2,000 IU/day and 100,000 IU/
month), the treated people did not have advantages in

preventing events compared to the placebo group [6-
10]. Furthermore, the absence of unique indications
for defining the vitamin D dose to be prescribed and
the lack of a shared results’ interpretation of the 25-hy-
droxyvitamin D blood assay have raised important
critical issues related to vitamin D [11-18]. There is
an ongoing debate in the scientific community regard-
ing which serum level of 25-OH-cholecalciferol should
define vitamin D deficiency and whether to carry out a
preventive supplementation. Normal levels of 25-OH
vitamin D also do not have univocal values in the dif-
ferent international guidelines, generating further con-
fusion [19, 20].

In Italy, since 2005, vitamin D and analogues have
been subject to medical prescription and reimbursed by
the NHS for treating and preventing vitamin D defi-
ciency:.

However, in the last few years, vitamin D consump-
tion has steadily increased to the point that the Italian
Medicines Agency (AIFA) has assessed vitamin D as a
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drug that requires extra oversight in terms of expendi-
ture, consumption and clinical evidence in 2014. The
observed increase in prescriptions suggested inappro-
priate prescriptive phenomena, primarily associated
with its use in extra-skeletal diseases [21-23].

Therefore, between 2015 and 2017, targeted mea-
sures were adopted in some Italian regions to promote
appropriate use and/or to control cholecalciferol’s ex-
penditure, the most prescribed drug. These implement-
ed interventions can be classified into three main cat-
egories: 1) healthcare professional education program,
2) prescriptive appropriateness intervention, and 3) ex-
penditure control and rationalization measures.

The first group includes information campaigns
aimed at general practitioners to improve the appro-
priateness of medicines prescriptions, such as audits,
dissemination of fact sheets about how medicines are
used in clinical practice, or in-depth courses. The sec-
ond group includes the compilation of treatment data
sheets or the presence of a regional committee autho-
rizing the therapy. The third category includes measures
of expenditure control and rationalization to promote
greater use of lower-cost packs.

This analysis aims to describe the different types of
intervention implemented to regulate cholecalciferol
prescription in four Italian regions (Lazio, Molise,
Emilia-Romagna, and Sardinia) at different times and
to verify whether their adoption was associated with
a statistically significant change in the trend of con-
sumption and expenditure. The analysis also provides
an overview of spending and prescribing vitamin D and
analogues in Italy from 2013 to 2019.

MATERIALS AND METHODS
Data

The data analyzed were retrieved from the Medicines
Utilization Monitoring Centre (OsMed) flow for the re-
gions of Lazio, Molise, Emilia-Romagna, and Sardinia.
OsMed is an information flow of pharmaceutical pre-
scriptions, established according to Italian Law 448/1998
and provided through pharmacies affiliated with the
National Health Service (NHS), records the number of
packs, the total expenditure, and consumption of reim-
bursed drugs in Italy stratified by region and month.

The active substances considered for this analysis
were selected using the Anatomical Therapeutic Chemi-
cal classification at the fifth level (ATC V) in the phar-
macological class of vitamin D and analogues of the
marketed compounds commonly used in clinical prac-
tice: ergocalciferol (ATC A11CCO01), dihydrotachys-
terol (A11CCO02), alfacalcidol (A11CCO03), calcitriol
(A11CCO04), cholecalciferol (A11CCO05), calcifediol
(A11CCO06). Cholecalciferol is also available in fixed-
dose combinations with calcium (A12AX). The con-
sumption was expressed by defined daily dose (DDD)
which represents the maintenance dose per day of ther-
apy, in adult subjects, related to the main therapeutic in-
dication of the substance (therefore it is a standard unit
and not the recommended dose for the single patient).
The DDD used to calculate cholecalciferol consumption
is 20 mcg, according to the one chosen by WHO [24].

Expenditure and consumption data stratified by re-

gion, month, and active substance were analyzed for
the period 2013-2019.

Statistical method

Monthly data about cholecalciferol expenditure and
consumption, expressed as DDDs per 1,000 inhabit-
ants/day, have been extracted and analyzed using the
Interrupted Time Series (ITS) statistical method [25-
29]. Segmented regression models were used, assuming
a linear relationship between the dependent variable,
(i.e., drug use or expenditure) and the explanatory vari-
able, which was always time. To evaluate the adopted
interventions that were implemented, the focus was
mainly on consumption data, while outlay data were
also analyzed by considering monthly per capita expen-
diture as a dependent variable.

The method evaluates several parameters before and
after the regional actions.

The following model was used to estimate the param-
eters:
y, = by + bitime + b,dummy + bytime,, + b,seasonality + v (1)

y, represents the dependent variable of monthly
cholecalciferol consumption (expressed as DDDs per
1,000 inhabitants/day) or per capita expenditure; b, is
the value at the beginning of the period; b, is the pa-
rameter associated with time and measures the overall
trend over the period considered (how much the de-
pendent variable average increases, ifb, >0 or decreases
if b,<0 each month). The parameter b, is associated
with a dichotomic variable that is equal to zero before
the regional actions and equals to one in the following
months, measuring the immediate impact of the inter-
vention on the average consumption level (it indicates
how far the line is moved up or down because of the
resolution introduction). The parameter b, is associated
with time starting from regional resolution introduc-
tion and measures the effect of these actions, or rather,
the trend-changing produced (b,value indicates trend
changing of the dependent variable as a result of provi-
sion introduction. Therefore, the value of b, + b, mea-
sures how much the dependent variable each month
grows, if b, +b,>0 or decreases if b, + b,<0 dependent on
the resolution introduction). Finally, the parameter b,
is associated with the seasonal component and », repre-
sents the residual component.

A preliminary analysis was performed on the observed
data for each region to assess:
o whether it was correct to assume a linear trend as sug-
gested by equation (1) in Model 1, which implies a
linear relationship between dependent variable y and
explanatory variable ¢ (time);
whether it was necessary to incorporate a parameter
to account for the seasonal component in the model.
In all the regions, a systematic decrease in consump-
tion data was observed in August, and hence the pa-
rameter b, associated with the dummy=1 was consid-
ered for this month, while it was set to zero for all
other months.
To verify the effect of introducing the regional provi-
sions through the evaluation of ITS models, successive
steps were carried out, and the parameters of alterna-
tive models were estimated.
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The AUTOREG procedure of SAS software was used
for estimate the parameters, test and control for au-
tocorrelation on the y, residues that could distort the
parameters estimate. The choice of the most suitable
model (among A, B, C, D, E, F, G) to explain consump-
tion or expenditure data was based on the Akaike Infor-
mation Criteria (AIC) index (see Supplementary Mate-
rial “Mathematical formulas of statistical models” available
online).

Every region represents a specific case, both for the
type of resolution adopted and for the time of its in-
troduction, therefore separate models for each region
were developed and analyzed. Particularly for Emilia-
Romagna, Lazio, and Molise, where the resolutions
were aimed at improving prescription appropriateness,
the analysis focused on consumption data, and the sta-
tistical models have been formulated taking into con-
sideration as dependent variable y, = DDDs per 1,000
inhabitants/day. A second set of models was estimated
to assess whether, in addition to an eventual impact on
consumption, the regional decisions also led to a reduc-
tion in spending, with monthly expenditure per capita
as a dependent variable. The dependent variables’ loga-
rithmic transformations resulted in a better choice in
the model specification. In contrast, for Sardinia, where
the resolution aimed at reducing vitamin D medicines
outlay, monthly per capita expenditure was considered
as the dependent variable, and then consumption data
were analyzed. The characteristics of the actions adopt-
ed by each region are summarized in Table 1.

RESULIS
Overview of expenditure, consumption
and prescription of vitamin D and analogues in Italy
for the period 2013-2019

The context analysis of NHS prescription of medi-
cines containing vitamin D and analogues showed that
in the last years, cholecalciferol, as a single compo-
nent, was the most prescribed active ingredient in the
analyzed period. Its expenditure and consumption also
grew exponentially over time. In 2013, cholecalciferol
expenditure amounted to 73.1 million euros (1.22 euros
per capita) representing 57.1% of all medicines contain-

Table 1

ing vitamin D and analogues outlay. In 2019, this value
increased to 281.3 million euros (4.70 euros per capita),
representing more than 80% of the expenditure. Its use
also steadily grew, from 51.8 DDDs per 1,000 inhab-
itants/day in 2013 to 159.9 DDDs in 2019, recording
a Compound Annual Growth Rate (CAGR) of about
20.7% (see Table S1 and Figure S1 in the Supplementary
Material available online).

The international comparison of the outpatient ex-
penditure of the first ten active substances, published
in the National Report on Medicine Use in Italy of
2019 [21], outlined how cholecalciferol is the first drug
in Italy. In other European countries analyzed, this drug
was ranked between the 37th in Belgium and the 151st
in France [21].

In Italy, cholecalciferol is available in three formula-
tions (oral drops, vials for both injection or oral con-
sumption, and oral solution bottle), each with different
costs per pack. In 2019, the two bottles pack of 50,000
IU oral solution was the most expensive (14.3 euros),
followed by the single bottle pack of 50,000 IU (8.1
euros per pack), the two bottles pack of 25,000 IU (7.8
euros per pack) and by the oral drops pack with dosing
syringe (5.4 euros per pack). The analysis of the average
cost per 1,000 IU, stratified by formulation and dosage,
confirms this trend. However, the 25,000 IU single bot-
tle pack (oral solution) represents the most expensive
(0.205 euros per 1,000 1U; see Table S2 and Figure S2 in
the Supplementary Material available online).

In 2019, the total number of cholecalciferol packs
prescribed was almost 35 million, with bottle packages
accounting for about 80% of total expenditure, drop
formulations represented 17.3%, and injectable solu-
tions were only 2.9%. Thus, consumption was mainly
directed towards packages with a higher average cost
per 1,000 IU. Compared to the previous year, this an-
nual regional expenditure and consumption trends of
cholecalciferol showed remarkable growth in almost
all Italian regions. Campania recorded the highest pre-
scription increase (+34.5%), compared to the national
average of +16.2%. Molise was the only region with a
reversed trend, showing a decrease in consumption of
about 3.4% between 2017 and 2018 and 9% between

Intervention adopted by Lazio, Molise, Emilia Romagna and Sardinia in the period 2015-2017

Type of intervention

Prescriptive appropriateness indicator for cholecalciferol with the  Appropriateness control and

goal of increasing the prescription of lowest-cost packs to 70% of  expenditure rationalization.

Introduction of therapeutic plan for prescription in adults and
assessment of prescribing appropriateness by a commission for

Introduction of prescribing treatment form for cholecalciferol

Appropriateness control and
education of healthcare.

Education of healthcare
professionals.

Region Date of action Action adopted
Lazio July 2017
the total.
the first prescription.
Molise December 2017
prescription.
Healthcare professionals’ education.
Sanctioning actions to prescribers.
Emilia- March 2016 Adoption of an information kit.
Romagna
Sardinia November 2015

Expenditure indicator with the goal of achieving a target of 70%

Expenditure rationalization.

calculated as a ratio between oral/intramuscular DDDs of 100-
300,000 IU formulations and total DDDs.
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2018 and 2019, probably linked to the effect of the ad-
opted resolution (see Figure S3 ¢ S4 in the Supplementary
Material available online)

TYPE AND EFFECTS OF REGIONAL
INTERVENTIONS
Lazio

In July 2017, the authorities of the Lazio region in-
troduced a prescriptive appropriateness indicator for
cholecalciferol, with the goal of increasing the use of
lowest-cost packs per DDD. The regional objective
was to increase the prescription of lowest-cost packs
to 70% of the total. Moreover, a therapeutic plan was
implemented for cholecalciferol prescription in adults
to optimize its use in this population group [30]. The
therapeutic plan had to be drawn up by clinicians, and
a special commission had to evaluate each patient’s first
prescription appropriateness. This provision can be de-
fined as based on both appropriateness control and ex-
penditure rationalization.

For the period 2013-2019, the monthly consump-
tion data expressed as logarithms follow an approxi-
mately linear trend. Based on the AIC index, E is the
best model explaining real consumption data. It shows
a reduction in use and a stabilization trend compared
to the data observed before the provision (Figure 1).
The monthly data of per capita expenditure, expressed
in logarithm, were used to conduct the same analysis.
Evaluating the expenditure trend and the AIC index,
model E best represents the data after the intervention.
The expenditure model also underlined a positive ef-
fect of the Lazio measure, which caused a decreasing
trend. The results highlight a slowdown in consumption
growth, moving from a monthly increase of 2.6%, ex-
pressed as DDDs per 1,000 inhabitants/day before the
regional action, to about +0.03 after it. This trend cor-
responds to a monthly expenditure stabilization from
+3.3% to -0.7%, respectively, before and after the re-
gional provision.

Molise

In December 2017, Molise transposed the guidelines
about vitamin D supplementation, integrating those of
the Society for Osteoporosis, Mineral Metabolism and
Bone Diseases (SIOMMS) regarding the prevention and
treatment of vitamin D deficiency. The region also intro-
duced a prescribing treatment form for cholecalciferol
prescription [31] with the aim of regulating, decreasing,
and optimizing cholecalciferol use, combining a health-
care professionals’ educational program with a prescrip-
tive appropriateness control intervention. The added
value of Molise’s intervention is the provision of sanc-
tioning actions committed by the director of the regional
health government against non-compliant prescribers.
Using the logarithmic transformation of the variable un-
der study (DDDs per 1,000 inhabitants/day), the expo-
nential curve becomes almost linear. Based on the AIC
index, model G best explained the consumption data,
showing not only a decrease in the use average level, but
also a change in the direction of drug consumption which
decreases (Figure 2). The same analysis was carried out
on per capita expenditure monthly data for the period
2013-2019, expressed as a logarithm. By comparing the
various models, model E was found to be the best fit for
the data, and all variables included in the model are sta-
tistically significant. This model underlines the positive
effect of the regional intervention, which caused a low-
ering of the average level and a reversal trend after the
introduction of guidelines and the regional form. It also
highlights a marked effect on consumption, going from
a +3% monthly use increase, expressed as DDDs per
1,000 inhabitants/day before the regional measure, to a
negative value of about -1.1%. Similarly, the monthly per
capita expenditure trend moves from +3.6% to -2.7%, re-
spectively, before and after the regional resolution.

Emilia-Romagna
In March 2016, Emilia-Romagna adopted and dis-
seminated an information kit about the role of vitamin
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Lazio - Comparison between real data and trend estimated by models on consumption (DDD per 1,000 inhabitants/day) and per

capita expenditure.

The green and the blue line show the real tendency of DDDs per 1,000 inhabitants/day (a) or per capita expenditure (b) for the period between 2013-2019. The red
vertical line indicates the timing of the introduction of therapeutic plan (TP) in July 2017.The dashed lines show the trends according to statistical models before

(purple line) and after (red line) the regional action.
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Molise - Comparison between real data and trend estimated by models on consumption (DDD per 1,000 inhabitants/day) and per

capita expenditure.

The green and the blue line show the real tendency of DDDs per 1,000 inhabitants/day (a) or per capita expenditure (b) for the period between 2013-2019.The
red vertical line indicates the timing of the introduction of guidelines form for cholecalciferol prescription in December 2017. The dashed lines show the trends
according to statistical models before (purple line) and after (red line) the regional action.

D in clinical practice, aiming to evaluate and compare
available effectiveness evidence. The topics of clinical
interest addressed particularly the best behavioral ad-
vice to give clinicians, when to use blood assays are nec-
essary and how they should be, at what levels should be
started, which kind of medicines should be used, and
what treatment patterns are most appropriate. Through
the diffusion of the information kit, the region intended
to provide some useful indications based on scientific
evidence for a better vitamin D and analogues prescrip-
tion, with the objective to reduce and optimize con-
sumption [32]. This measure was focused on educating
healthcare professionals. Using the logarithmic trans-
formation of the variable under study (DDDs per 1,000
inhabitants/day), the exponential curve becomes almost
linear. Based on the AIC index, the most suitable model
for explaining consumption data is E. It underlines that
after the information kit diffusion, the cholecalciferol

use has been reduced and shows a stabilization trend.
Monthly per capita expenditure data were converted
into logarithms and used for the same analysis. Model
E is the best data set model, where all the evaluated
variables are statistically significant. It shows how, after
the information kit introduction, there is a similar effect
on consumption trend (Figure 3). The results show a sta-
bilization of consumption and expenditure. In fact, the
growth moved from an increase of about +1.5% DDDs
every month, before the information kit’s diffusion, to
a value of about +0.3% monthly after the intervention.
Furthermore, the per capita expenditure trend changed
from an increase (+1.9%) to a constant value (+0.1).

Sardinia

In November 2015, Sardinia approved a regional in-
tervention defining specific actions to rationalize and
contain pharmaceutical expenditure and improve pre-
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Figure 3

Emilia-Romagna - Comparison between real data and trend estimated by models on consumption (DDD per 1,000 inhabitants/

day) and per capita expenditure.

(b)

The green and the blue line show the real tendency of DDDs per 1,000 inhabitants/day (a) or per capita expenditure (b) for the period between 2013-2019. The
red vertical line indicates the timing of the adoption of the information kit in March 2016. The dashed lines show the trends according to statistical models before

(purple line) and after (red line) the regional action.
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scribing appropriateness of vitamin D. The resolution
established that each Local Health Unit should achieve
a specific target value higher than 70% by the end of
2016, calculated as a ratio between oral/intramuscu-
lar DDDs of 100-300,000 IU formulations and total
DDDs [33]. The provision clarifies that “the goal aimed
to limit inappropriate use of cholecalciferol is to contain
the user level of formulations different from the intra-
muscular or oral vials of 100/300,000 IU, within 30% of
total dispensed doses”. The lower annual gross expendi-
ture was estimated at 1.5 million euros, corresponding
to about 1.2 million of NHS net expenditure. The inter-
vention aimed to reduce the higher unit price prescrip-
tion of cholecalciferol and promote the use of lower-
cost packs. Aggregate expenditure data indicated an
effect of the intervention, showing an increasing trend
until 2015 and then a marked decrease from 2016.

Unlike other regions, the Sardinia model was primar-
ily based on cholecalciferol’s per capita expenditure
data, as the measure was exclusively geared towards
reducing outlay. Using the logarithmic transforma-
tion of the variable under study (monthly per capita
expenditure), the curve from exponential becomes al-
most linear. Once the linearity was verified through the
data series graphic representation, the most suitable
model based on the value of the AIC index was chosen.
Model E is the best data set model and highlights a
reduction in usage trend after the regional resolution
approval. The same analysis for consumption data was
carried out. Data, expressed as the log transformation
of DDDs per 1,000 inhabitants/day, shows an evident
impact on use reduction, even if there are fluctuations
challenging to explain, particularly since 2016, the pe-
riod after the intervention approval (Figure 4a).

In summary, the results highlight a remarkable de-
crease in expenditure due to the regional intervention
adopted (Figure 4b). Per capita expenditure moved from
a monthly increase of about 2.4% to a reduction of about
1.2%. Instead, consumption values increased from 100.2

DDDs per 1,000 inhabitants/day in 2015 to 175.0 in
2019. However, in the last year, there was a reduction
of about 0.7% (see Table S3 in the Supplementary Mate-
rial available online). Probably, there was a gradual transi-
tion to the cheaper formulations (increasing use of oral
or intramuscular formulation of 100,000 IU and a great
reduction of formulation of 25,000 IU). The consump-
tion analysis (Figure 5) shows that since the measure’s
introduction, there has been a fall in total packs, particu-
larly of 25,000 IU oral solution single bottle packs. The
consumption, expressed as total DDDs/1,000 inhabit-
ants per day and stratified by formulation, shows an im-
portant growth of 100,000 IU packs (6 vials of injectable/
oral solution) and 50,000 IU (oral solution two bottles’
packs). Finally, different dosages determine different
therapy days (five days for 25,000 packs, ten days for
50,000, and 60 days for 100,000), which could explain
the fluctuations recorded.

DISCUSSION

The increase in expenditure and consumption of
medicines containing vitamin D and analogues, reim-
bursed by the NHS, between 2013 and 2019, urged
some regional interventions aimed at reducing the ob-
served trends. However, the approach taken by each
region was very different and resulting in highly variable
outcomes. The analysis shows how Molise achieved the
best results. Its educational program for health profes-
sionals has reduced both expenditure and consumption
of cholecalciferol, although penalty-type regional con-
trol may have played a key role. Emilia-Romagna also
approved an intervention based on medical education,
but the results were less notable, likely due to the lack of
penalties. In fact, in this region, there is a stabilization
in consumption and expenditure trends, but not a de-
crease. Lazio introduced a prescriptive appropriateness
indicator, targeting the use of lower-cost/DDD packs,
and adopted a therapeutic plan for cholecalciferol pre-
scription in adults. This action showed positive results
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Sardinia - Comparison between real data and trend estimated by models on consumption (DDD per 1,000 inhabitants/day) and

per capita expenditure.

The green and the blue line show the real tendency of DDDs per 1,000 inhabitants/day (a) or per capita expenditure (b) for the period between 2013-2019. The red
vertical line indicates the timing of the intervention in November 2015. The dashed lines show the trends according to statistical models before (purple line) and

after (red line) the regional action.
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Sardinia - Comparison between consumption and expenditure trend stratified by different formulation (packs DDD x 1,000 inhab-

itants/day and Total expenditure per pack).

The figure shows the usage trend, expressed as number of packs (a) or DDD per 1,000 inhabitants/day (b), of different formulations of cholecalciferol for the period

2013-2019.

in containing the exponential growth of consumption
and stabilizing per capita expenditure. The Sardinia
resolution also showed that choosing the lowest cost
packages could undoubtedly influence the spending
trend, as highlighted by the change in the time course.
However, it remains unclear whether this strategy could
influence the appropriateness of vitamin D use. In gen-
eral, there seems to be little mutual learning between
regions, and the outcomes do not appear to be conclu-
sive. Therefore, in October 2019, AIFA established the
96 Note to be applied throughout the national territory
[34]. The AIFA Notes are a regulatory instrument that
defines the drug’s therapeutic indications reimbursed
by the NHS based on the best evidence of literature ef-
ficacy and guarantees appropriateness of use by direct-
ing doctors’ prescriptions [21].

According to Note 96, the NHS can reimburse me-
dicinal products containing cholecalciferol, cholecalcif-
erol/calcium salts, and calcifediol in two different cases.
The first includes institutionalized persons, pregnant or
breastfeeding women, and subjects with osteoporosis
or osteopathy not eligible for remineralizing therapy,
regardless of the 25-OH vitamin D serum levels deter-
mination. The second involves patients who need to be
identified by a flow chart (Annex 1 of Note 96) to per-
form 25-OH-cholecalciferol serum assay and then iden-
tify the most appropriate drug dose [21, 34]. The Note
96 has been updated based on emerging scientific evi-
dence regarding the lack of effect of vitamin D supple-
mentation in healthy individuals without risk factors for
osteoporosis and in the treatment of COVID-19. Some
modifications suggested by clinicians and scientific so-
cieties have also been included [35]. Moreover, there
are certainly persisting issues regarding the appropri-
ate and evidence-based use of vitamin D. It should be
noted that the trends analyzed in this study do not con-
sider either supplementation through vitamin supple-
ments or private purchases. It has been estimated that
the share of privately purchased medication by citizens
reached 20 million in 2019 [22].

CONCLUSION

The article discusses the importance of monitor-
ing the effects of the measures adopted by different
regions in Italy (Lazio, Molise, Emilia Romagna and
Sardinia) in order to evaluate their effectiveness in in-
ducing important changes in the prescription and ex-
penditure of medicines containing cholecalciferol and
understanding which type of action could be the most
effective. The findings clearly indicate that the most
effective approach involves educating and monitoring
prescribers. It is necessary to consider that the costs
associated with the various dosages of cholecalciferol
are very different, and promoting the use of lower-
cost packs could be the milestone to reduce medicines
expenditure without compromising patient care, but
ensuring the prescriptive appropriateness remains the
most important issue to be considered, as showed
by Sardinia intervention. Therefore, the prescription
appropriateness should be implemented not only to
avoid therapeutic abuse and economic waste, but also
because prescriber monitoring seems to be a suitable
governance mechanism.

The outcomes of regional measures for a single drug
class are important in guiding regulatory action na-
tionwide. However, when there is a problem of excess
expenditure and consumption involves most of the re-
gions, and only some of them take corrective actions, a
central-level intervention is necessary. The AIFA notes
have always been an instrument capable of promoting
prescribing appropriateness based on the most recent
scientific evidence.

Further detailed studies are required to evaluate
which types of interventions (regional or national) pro-
duce the best results.
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Abstract

Introduction. Yersinia enterocolitica (Ye) species is divided into 6 biotypes (BT), 14, 1B,
2, 3, 4, 5 classified based on biochemical reactions and about 70 serotypes, classified
based on the structure of the lipopolysaccharide O-antigen. The BT1A is considered PCR
non-pathogenic, while the BT 1B-5 are considered pathogenic. e virulence genes
Methods. Evaluate the distribution of eleven chromosomal and plasmid virulence genes,

ail, ystA, ystB, myfA, breP, fes, fepD, ymoA, sat, virF and yadA, in 87 Ye strains isolated from

food, animals and humans, using two SYBR Green real-time PCR platforms.

Results. The main results showed the presence of the ail and ystA genes in all the patho-

genic bioserotypes analyzed. The ystB, on the other hand, was identified in all non-patho-

genic strains biotype 1A. The target fes, fepD, sat and hreP were found in both pathogenic

biotypes and in BT 1A strains. The myfA gene was found in all pathogenic biotype and in

some Ye BT1A strains. The virF and yadA plasmid genes were mainly detected in biose-

rotype 4/0:3 and 2/0:9, while ymoA was identified in all strains.

Conclusions. The two molecular platforms could be used to better define some specific

molecular targets for the characterization and rapid detection of Ye in different sources

which important implications for food safety and animal and human health.

Key words
o Yersinia enterocolitica

® SYBR Green real-time

INTRODUCTION

The genus Yersinia has been recently classified to
Yersiniaceae family [1] and comprises of 28 species
(https:/lpsn.dsmz.de/genus/yersinia), three of which
are pathogenic to humans Y. pestis, Y. enterocolitica and
Y. pseudotuberculosis [2]. Yersinia enterocolitica (Ye) is
Gram-negative and psychrophilic enteropathogen [3].
In fact, Ye has an optimal growth temperature between
28-30 °C but is able to growth from 2 and 42 °C [4].
Yersiniosis is usually a self-limiting disease and gastro-
intestinal symptoms pre-dominate, but extra-intestinal
disorders may also appear [5]. Children under 5 years
of age, immunocompromised people, and elderly are

more likely to get sick and to have a more serious ill-
ness [4].

In Europe, yersiniosis is the third most frequently
reported foodborne zoonosis in humans with a stable
trend in 2015-2019 [6]. In Italy the number of reported
cases is very low compared with other EU/EEA mem-
ber states, because the notification of yersiniosis is vol-
untary, and the number of cases is probably underesti-
mated [7].

Ye is widely distributed in the environment and pigs
are the main reservoir of pathogenic strains, in particu-
lar, the bacterium colonized tonsils, lymph nodes and
intestines. Ye is also isolated from other animals, such

Address for correspondence: Elisabetta Delibato, Dipartimento di Sicurezza Alimentare, Nutrizione e Sanita Pubblica Veterinaria, Istituto Superiore
di Sanita, Viale Regina Elena 299, 00161 Rome, Italy. E-mail: elisabetta.delibato@iss.it.
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as cattle, small ruminants, wild animals (e.g., deer) and
pets (cats and dogs) [8, 9]. Humans become infected by
ingesting undercooked pork contaminated with Ye, but
also milk and dairy products, vegetables and untreated
water [10, 11]. Although pork meat is the major source
of pathogenic Ye, in recent years, fresh vegetables have
been linked to several foodborne outbreaks, particularly
spinach and salad [12, 13]. The Ye species is highly het-
erogeneous and is divided into 6 biotypes (BT), 1A, 1B,
2,3, 4, 5, on the basis of biochemical tests and about 70
serotypes [14]. The biotypes show differing pathogenic
potential, in particular: biotype 1A (BT1A) is consid-
ered non-pathogenic, biotypes 2-5 weakly pathogenic,
and biotype 1B highly pathogenic [15]. Pathogenic Ye
have historically been defined as carriers of a 70 kb viru-
lence plasmid (pYV), which has genes encoding adhesin
A (yadA) and a transcriptional regulator gene (virF); in
addition, at the chromosomal level they harbour viru-
lence genes as invA (invasin), ail (attachment and in-
vasion locus), ystA (stable Yersinia toxin A), and myfA
(mucoid Yersinia factor A) [16].

BT1A strains are considered non-pathogenic because
they do not have the pYV and some chromosomal viru-
lence genes such as ail. However, studies have shown
that some biotype 1A strains, particularly those isolated
from faeces during a gastrointestinal illness, could be
pathogenic [17]. Although BT1A may lack the pYV
plasmid, alternative virulence factors, including the
thermostable toxin ystB and hreP [18] may be present.
BT1A is the most heterogeneous of the six Ye biotypes
and includes a wide range of serotypes of which O:5,
0:6,30, 0:6,31, 0:7,8, O:10, as well as not-typable
(NT) O strains, are most often reported [19]. The most
common bioserotypes causing human yersiniosis in Eu-
rope are Ye 4/0:3 and 2/O:9 [6].

ISO 10273 (International Organization for Standard-
ization) standard cultural method for the detection
and isolation of Ye from food samples are laborious and
time-consuming to differentiate pathogenic and non-
pathogenic strains [20, 21].

To meet the requirement for faster analysis, ISO ap-
proved a standard method for rapid identification of
pathogenic Ye based on detection of the chromosome-
localized ail gene which is present in all pathogenic
bioserotype by real-time PCR [22]. However, recent
studies have indicated that in some non-pathogenic 1A
strains of Ye, the ail gene can be detected [23]. There-
fore, it would be useful to consider other pathogenicity
targets of the strains to have a more complete genomic
characterisation. Recently, a study analyzed by real-
time PCR the distribution of the yadA, virF, inv, ystA,
ystB, myfA, breP and ymoA genes in Ye strains in order to
select useful target genes for assessing the presence of
pathogenic Ye [18].

The aim of the present study is to extend the exam-
ination of the distribution of virulence genes in non-
pathogenic and pathogenic Ye strains, isolated from
animal, food and human samples. Additional molecular
targets would allow for a more complete characteriza-
tion of Ye strains, and the evaluation of the distribution
of these genes which have virulence potential and are
less investigated.

Thus, besides the virulence genes ail, ystA, ystB, myfA,
virF and yadA, the other target genes analyzed are: hreP
(host reactive element), sat (streptogramin acetyltrans-
ferase), fepD (enterochelin transporter ABC), fes (en-
terochelin esterase) and ymoA (Yersinia modulating pro-
tein) [24], using two molecular real-time PCR SYBR
Green platforms.

MATERIALS AND METHODS
Identification and typing of bacterial strains

A total of 87 Ye strains, 82 isolates from 2005 to 2015
and 5 isolates from 1980 to 1985 in Italy, were iden-
tified at biochemical level and subsequently biotyped
and serotyped. These strains were isolated from human
(n=39), in particular stools (n=24), blood (n=3), appen-
dix (n=1) and unknown (n=11), from animals (n=12), in
particular faeces (n=7), amygdala (n=2) and unknown
(n=3) and from food (n=36).

Identification of Ye species was performed using the
API® 20E system (bioMérieux). Ye biotyping was car-
ried out according to the ISO 10273 scheme, based on
biochemical reactions, in particular: pyrazinamidase
and lipase activity, production of indole, production of
acids from xylose, trehalose and hydrolysis of esculin.
Serotyping was performed using O-antisera for sero-
groups O:3, O:5, O:8, O:9 and O:27 purchased from
Biolife (Biolife Italiana, Milan, Italy).

Genomic DNA extraction

The strains were grown in Tryptone Soy Broth (Bio-
life Italiana, Milan, Italy) at 30 °C for 24-48h. Two mL
of each broth culture was subjected to DNA extraction
according to the protocol of Peruzy et al. [18]. The ex-
tracted DNA was used as a template for real-time PCR.

Real-time PCR-based protocol

For the molecular characterization of Ye virulence
genes, two SYBR Green real-time PCR platforms were
developed with two different thermal profile. The first
platform, a PCR reaction in singleplex, containing: 1X
SsoAdvanced SYBR Green PCR Master Mix (Bio-
Rad), one of the primer (Table 1) at different concen-
trations, of the virulence genes ail (250 nM), ystA (100
nM), ystB (150 nM), myfA (300 nM) and 3 pl of DNA
in a final volume of 25 pl. The thermal profile was: 95
°C for 5 min, 35 cycles at 95 °C for 10 s and 60 °C
for 30 s, followed by a thermal cycle (65-95 °C) neces-
sary for the analysis of the melting curve. The second
platform, a PCR reaction in singleplex, containing: 1X
SsoAdvanced SYBR Green PCR Master Mix (Bio-Rad,
USA), one of the primer (Table 1), at different concen-
trations, of the virulence genes hreP (300 nM), and 250
nM of the other virulence genes virF, yadA, ymoA, fes,
fepD, and sat and 3 pl of DNA in a final volume of 25 pl.
The thermal profile of the reaction was: 95 °C for 5 min,
35 cycles at 95 °C for 60 s, 60 °C for 60 s, 72 °C for 60
s, followed by a thermal cycle (65-95 °C) necessary for
the analysis of the melting curve. The specificity of the
reaction is given by the detection of the melting tem-
perature (T,) of the amplification products after the last
reaction cycle. The melting curve was visualized with
the software MxPro (Mx3005P v 4.00 - Agilent).
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Table 1

Primers used for SYBR Green real-time PCR

Gene Primer sequence (5’->3’) Amplicon Reference

size (bp)

ail ACTCGATGATAACTGGGGAG 170 [25]
CCCCCAGTAATCCATAAAGG

ystA  ATCGACACCAATAACCGCTGAG 79 [26]
CCAATCACTACTGACTTCGGCT

ystB GTACATTAGGCCAAGAGACG 146 [26]
GCAACATACCTCACAACACC

myfA  CAGATACACCTGCCTTCCATCT 272 [27]
CTCGACATATTCCTCAACACGC

hreP GCCGCTATGGTGCCTCTGGIGIG 757 [24]
CCCGCATTGACTCGCCCGTATC

virF GGCAGAACAGCAGTCAGACATA 591 [25]
GGTGAGCATAGAGAATACGTCG

yadA  TAAGATCAGTGTCTCTGCGGC 747 [28]
TAGTTATTTGCGATCCCTAGCAC

ymoA  GACTTTTCTCAGGGGAATAC 330 [29]
GCTCAACGTTGTGTGTCT

fes GCCGGCAGGCACAGCGTAAT 561 [30]
GGCCAACCCACCCAAAACTT

ferD  GTGTGATTGCCTTACTATTG 381 [30]
CGGTCATCCTTTTATTACGG

sat CCGATGGTGGGGTTTTCTCAAG 456 [24]

GGGATTACCGCCGACCACACTA

RESULTS

The results obtained of serotyping and biotyping of
the 87 Ye strains have identified four biotypes and sev-
eral serotype: 1A/O:5 (n=15), 1A/O:8 (n=9), 1A/NT
(n=25), 2/0:9 (n=5); 3/0:5,27 (n=1); 4/0:3 (n=32).
The results obtained analysing these strains through
SYBR Green real-time PCR showed a close association
between the ail gene, considered an exclusive indicator
of pathogenicity, and the ystA gene as they were found
in all strains belonging to the pathogenic biotypes
(Table 2). In contrast, ystB was found exclusively in all

Table 2

The distribution of genes in Ye strains grouped by biotype/serotype
Biotype/serotype (n) ail ystA ystB myfA
4/0:3 (32) 100% 100% - 100%
2/0:9 (5) 100% 100% - 100%
3/0:5.27 (1) 100% 100% - 100%
1A/NT (25) = = 100% 12.0%
TA/O:5 (15) = = 100% =

1A/0:8 (9) - = 100% =

non-pathogenic biotype 1A strains. The presence of the
virF and yadA plasmid genes appears to be exclusive to
pathogenic biotypes, found in 42.1% (n=16) of the total
of the pathogenic strains (Table 2).

The myfA gene was detected in all pathogenic strains
(n=38), but also in 3 strains of BT1A strains (6.1%).
The fes and fepD genes, which encode for factors ca-
pable of capturing and utilizing host iron, were found
in synergy with each other in both pathogenic and non-
pathogenic biotypes. The hreP and sat genes appear
present in high percentages in all biotypes analyzed, as
is the ymoA gene, which is present in 100% of strains
(Table 2). The distribution of bioserotypes showed the
prevalence of 4/0:3 and 2/O:9 mainly in human sam-
ples, and 4 of 32 strains of Ye 4/0:3 were found in pigs,
whereas BT1A was found mainly in a wide variety of
food samples, but also, less frequently, in animals and
humans (Table 3).

DISCUSSION

The results showed a non-uniform distribution of the
different target genes in the various Ye strains. Chro-
mosomal virulence genes are very important elements
that determine the pathogenic capabilities of Ye. These
include the attachment invasion locus (ail), which en-
codes the outer membrane proteins responsible for ad-
hesion, and is considered the target gene for detection
of pathogenic Ye according to ISO/TS 18867:2015.

Furthermore, Ye has the ability to produce three types
of YstI toxins (YstA, YstB and YstC) encoded by ystA,
ystB and ystC genes, respectively, which play a crucial
role in the origin of diarrhea [31]. As expected, all
strains belonging to pathogenic biotypes, analyzed in
this work, contain the ail gene together with the ystA
gene. Ye BT1A mainly produce the enterotoxin YstB
and rarely YstC. The ability of some BT1A strains to
cause illness gives indirect evidence that YstB plays an
important role in yersiniosis, as suggested in some stud-
ies [31, 32]. Indeed, in the present study the ystB was
detected in 100% of BT1A strains, results in agreement
with literature data [24, 33].

The pYV plasmid undoubtedly plays an important
role in pathogenicity and carry virulence factors, such
as virF, a regulatory gene, which encodes the transcrip-
tional activator of several genes, including the plasmid
virulence gene yadA involved in the Yersinia invasion
process. However, plasmids are unstable structures, and
Ye BT1A generally do not harbour plasmids [31, 34].

hreP  virF yadA fepD fes ymoA sat
100%  40.1%  40.1%  438% 438%  100% 96.8%
100%  60.0%  60.0%  100%  100%  100%  100%

100% - = 100%  100%  100%  100%
720% - = 96.0% 96.0% 100%  84.0%
933% - = 100%  100%  100%  100%
100% - = 100%  100%  100%  100%
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Table 3

The distribution of different sources (food, animals and human) in Yersinia enterocolitica biotypes (BT)

Source (n) Specific source

Animals (12) Bear
Bovine
Sheep
Swine
Food (36) Beef
Chicken meat
Fish
Fresh vegetables
Milk
Minced meat of beef and pork
Pork meat
Ready to eat pork meat
Ready to eat vegetables
Sheep meat

Humans (39) Humans

The results reported in our study confirm that plas-
mid virulence genes are not present in any strain
belonging to the non-pathogenic biotype (BT1A),
whereas they are found in about 42.1% of the total
pathogenic biotypes, with a different distribution be-
tween bioserotype 4/0O:3 where plasmid genes are pres-
ent in 40.1% and bioserotype 2/O:9 where virF and
yadA are present in 60%.

MyfA, plays an important role at the beginning of
infection by promoting adhesion to enterocytes. The
myfA gene has been found in Ye strains of bioserotype
4/0:3 isolated from human and pigs [33] and has also
been detected in some Ye strains of BT1A [24].

These results are confirmed in this study, and we also
found myfA in all strains of bioserotype 2/0:9 isolated
from human and in the only strain belonging to biose-
rotype 3/0:5,27 isolated from animal.

The ymoA gene was present in all Ye isolates studied,
as reported in several studies [18, 24, 33]. According to
recent studies, the ymoA gene is the main regulator of
yst gene expression and other virulence genes [34].

The hreP gene, which encodes the bacterial subtilisin/
Kexin-like protease, and the sat gene, which encodes
the acetyltransferase streptogramin, are both present
in high percentage in all Ye strains. These results are in
agreement with data from some other Authors [18, 24],
but seem to be in contrast with data reported by Morka
et al. [33]. Few studies have described the hreP gene,
encoding for a bacterial protease, relevant for full viru-
lence of Ye [35]. Finally, the fes and fepD genes, involved
in iron capture and utilization, contribute to the growth
of microorganism [30].

The genes fepD and fes were found in 100% or per-
centage near 100% in all isolates of all bioserotypes ex-
cept for BT4/O:3 where the prevalence of these genes
was about 44%. BT1A strains possessing the genes ystB,
breP, sat, fes, fepD and myfA genes may have a virulence

BT1A BT2 BT3 BT4
1

1

1 1

4 4
1

4

2

2

1

3

8

2

12

1

6 5 28

potential with respect to causing infections in humans
and animals [24, 36]. Although in the study of Cam-
pioni and Falcdo [36], myfA appears to have a higher
prevalence in the BT1A strains (55%) than in our study.

Furthermore, the lack of identification of BT1B
strains in this work, appears to be in line with what has
been reported in the literature regarding the limited
presence or absence of this biotype in Europe [4, 6].

Overall, the study seems to confirm what other au-
thors have already pointed out regarding the distribu-
tion of these virulence genes in Ye strains.

CONCLUSIONS

The isolation and biotyping of Ye are currently diffi-
cult and time-consuming, but biotyping remains impor-
tant as a basis for assessing the pathogenicity of iso-
lated strains. The detection of this microorganism by
means of molecular biology tools as a real-time PCR
allows the quick detection of pathogenic Ye in food,
animal and human and can be a valid support to clas-
sical microbiology techniques. Although, the ail gene
remains the main virulence marker as reported by ISO/
TS 18867:2015, other virulence genes are important
in evaluating the pathogenicity of Ye, such as the ystB
gene to identify strains of biotype 1A. Therefore, the
use of two SYBR Green real-time PCR platforms in this
study, allowed the rapid detection of the eleven viru-
lence genes, in pathogenic biotypes and in BT1A of Ye.
It also allowed to highlight a diversity in the distribution
of virulence genes in Ye strains isolated from different
sources, which has valuable implications in terms of
food safety and animal and human health from a One
Health perspective.
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Abstract Key words
Introduction and metbods. In 2020 the Italian National Transplant Centre (Centro | © testimonies
Nazionale Trapianti, Istituto Superiore di Sanita, Rome, Italy) launched two online sur- | © neceds

veys to explore waitlisted and transplanted patients’ needs. * waitlisted patients
Results. The analysis of two-year results shows prevailing feelings of anxiety and dis- | © transplanted patients

couragement (44.5%) in waitlisted patients. A mere 19.7% expresses feelings of trust and | © national survey
hope. Conversely, in transplanted patients, gratitude (65.7%) predominates. Both trans-

planted (53.5%) and waitlisted patients (41.5%) worry about organ rejection and com-

plications, SARS-CoV-2 pandemic was an additional concern. The latter report certainty

of transplant as their main need (81.3%), followed by psychological support (41.8%) also

indicated by 27.9% of transplanted patients, while donor-recipient anonymity is an issue

for 31.3% of the transplanted.

Conclusion. Focusing on the needs and, above all, taking them on, means putting the

patient at the centre of care and increasing the chances of a better life despite sufferings

and preoccupations.

INTRODUCTION

Testimonies and experiences of transplanted or wait-
listed patients represent the best approach to under-
stand their needs and implement the necessary actions
for their fulfilment: this was the initial goal of the re-
search. However, with the progressive spreading of the
SARS-CoV-2 virus, the paradigm inevitably changed.

We had to face a reality nobody was ready for. Hospi-
tal professionals were challenged with unpredictable sit-
uations of great emotional impact. Outside the health-
care facilities, citizens lived in an unimaginable world of
quarantine, social distancing and fear of infection.

Moreover, the widespread feeling of uncertainty, gen-
erated by the pandemic, was exacerbated by the per-
ception that our healthcare system, as well as that of
other countries [1], was not prepared for an emergency
of this magnitude; let alone the dramatic death toll, rate
of infections and a never-reassuring global media cover-
age [2].

All this had a disruptive effect on the entire popu-
lation with tragic consequences for the most fragile,
who also suffered enormously from social isolation

and the difficulties of accessing healthcare facilities
[3], on top of having to pay the highest direct price in
terms of lost lives. No doubt, transplanted or waitlist-
ed subjects might have as well risked and experienced
the same hardships encountered on a global scale [4].
The current study should, therefore, be framed within
an anomalous and greatly concerning context, which
might have affected the experience and feelings of the
participants, transforming the initial cognitive objective
of the research into a cross-section of such a dramatic
reality.

Nevertheless, the themes for reflection offered are
numerous and of great interest, along with the propen-
sity shown by a substantial amount of the interviewed
participants to interact with the system through their
testimony and experience; two sharply different situa-
tions, in some respects, for those awaiting transplant
and those who already received one. An example is the
time on the waiting list which is different for the two
groups. On the contrary, in some other matters, feel-
ings and moods are shared by both groups, despite their
experiences being completely distinct.
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lia.bellis@iss. it.



WAITLISTED AND TRANSPLANTED PATIENTS NEEDS

Many answers prove what has been described and
each would be worthy an in-depth debate and consid-
eration. The survey is however still ongoing and the ur-
gency to limit the analysis to those aspects that might
be more easily corrected, resulted in the postponement
— to the end of the research — of a further analysis of
other components affecting the treatment path. It is
also possible to go through all answers on the Italian
National Transplant Centre’s (Centro Nazionale Trapi-
anti, CNT) website at hitps://www.trapianti.salute.gov.it/
trapianti/homeCnt.jsp.

MATERIALS AND METHODS

Since April 2020, the CNT - in collaboration with the
National Heart Transplant Association (Associazione
Trapiantati di Cuore, ATCOM) - launched a random
sampling national survey on the experiences of trans-
planted and waitlisted patients, through two specific
questionnaires. The survey is part of a broader research
project focused on how transplant patients are managed,
from waitlist enrolment to post-transplant follow up.
This multi-center, retrospective, observational project
was born thanks to a collaboration agreement between
ATCOM and CNT, with the initial aim to create the first
national register of volunteering associations working in
this field and then further investigate the main need of
waitlisted and transplanted patients, in order to identify
necessary measures for their care pathway.

Each questionnaire, accessible online, asks 19 quali-
tative and quantitative questions, some of demographic
nature, some other epidemiological and clinical-mana-
gerial and others aimed at exploring anxieties and needs
(Figure 1 and 2). The latter are those this study specifi-
cally addresses. Most questions are closed-ended, while

others are mixed and multi-response. The last one is
open and it gives the participants the opportunity to
express their critical thought and their unconditional
opinion. The identification of the survey topics was
planned to be translated into well definite questions; its
organization is meant to meet a set of rules directed at
safeguarding anonymity, standardization, comprehensi-
bility and conformity to the object of the study.

Both were submitted to a pool of experts (psycholo-
gists, epidemiologists) in order to evaluate their struc-
ture and content. In particular, three basic aspects were
verified:

e level of structuring of the questions (closed, semi-
structured, open);

¢ language used (consistency, precision, relevance, sim-
plicity);

e formulation and questions’ order.

The initiative was then presented to the actors of
the transplant network (regional and transplant cen-
tres), so that they could disseminate and support it in
their territory. The CNT and the ATCOM made avail-
able, on their institutional websites and social media
pages, the link to the questionnaires accompanied by
a presentation note for further promoting the initiative.
These measures have been instrumental in increasing
the number of participants, reaching over 50 question-
naires filled in a day.

For these reasons, the deadline for filling the ques-
tionnaires was postponed from December 31+, 2020
to December 31+, 2021 especially due to the partici-
pants’ repeated references to the pandemic. This last
aspect led us to modify the initial questionnaires while
work was in progress, with the introduction of new spe-
cific questions on the topic. We expanded the number

Please, indicate your age range

?
<18years old 19-30 years old 31-60 years old > 60 years old concerned?
o o

O extremely professional

First enrollment Region second enrollment  Region

. How long have you been wait-listed? (for Kidney, time runs from first enrollment)
O The surgical procedure
< l(a)nnu 13-24 months 25-48 months >a8 r(n)unlhs The quality of the organ

‘The therapy to undergo

Have you faced issues during your treatment path?
None
NO YEs

o )

Other, specify

5

. If YES, which of the following?
Psychological support
Economical support
Knowing the path to follow
Certainty of transplant
‘Work continuity

None

Other, specify_

Clinical

Logistical
Economic/Financial
Family related
‘Work related
Social

0000000

Assessment form of the WAIT-LISTED patient’s need

11. How would you rate the medical staff who treated you, as far as their expertise is

12. Among the following logistical situations, which one/ones would be of bigger concern if you  17. As of right now, how is your health?
had to go out of your region for the transplant procedure or the required assessments?

5. ndicat @ O Very professional
-+ Indicate your gender O Moderately professional
Male Female O sufficiently professional
o o O Notatall professional
3. Indicate your blood type
Opos | Oneg  Apos  Aneg  Bpos | Bneg | ABpos  ABneg
o o o o o o O | Travel planning
O Accompanying relatives’ accommodation
4. Indicate your region of residence O Economic/financial aspect
5. Awaiting transplant of: O Being separated from a familiar environment
O  None
Kidney Lver Heart Lung Heart- Pancreas  Kidney- | Intestine Other O | Other, specify
Lung Pancreas (specify)
o o o o o o o 13. What is your most recurring mood or thought throughout the wait?
6. Type of transplant O Fear of not making it
O The duration of the wait
First transplant Re-transplant O Concern for family members
o O Anxiety and discomfort
O Economical/financial concerns
7. Regions where you enrolled on the lst (for Ky, please indicatethe two enroliments permited) 1.yt and hope
O other, specify

14. What is your main concern about the transplant?

o}
o}
O Organ rejection and other complications
[0}
o

15. Among the following opportunities, which one/ones would you find more helpful now?

16. Do you think that transplant volunteer associations play an important role in supporting
the patients?

o

Very important
Quite important
Alittle important
1do not know

o
o
o
O Other, specify.

O Good
O Decent
O Bad

O Terrible

18 How much does your dlinical condition impact your daily life and social relationships?

O  alittle
O Enough
O alot

19. Observations (Tell us about any thought you might have or situation you might have
encountered that was not included in the questionnaire)

Lonew,
S 2
5 ‘o

o'

Ers a2\

&4

U
‘O (o)
g cuot®

0000000

Other, specify

Policlinico S. Orsola-Malpighi
Bologna

Figure 1
Survey form for the waitlisted patients.
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1. Please, indicate your age range

<18yearsold 19-30 years old 31-60 years old > 60 years old

concemed?

Assessment form of the TRANSPLANTED patient’s needs

10. How would you rate the medical staff who treated you, as far as their expertise is

16. Among the following ities, which one/ you find p
now?
Psychological support
Economical support
Continuous assistance
Knowing the care path to follow and the reference persons
Occupation/work
1do not know
Other, specify

Q000000

YES

17. Do you think that transplant volunteer associations play an important role in
supporting the patients?
Very important
Quite important
Alittle important
1do not know
Other, specify.

[ofe e lelo]

13. Which of the following situations worries or upsets you most right now?

Being unable to know anything about the donor or their family

18. As of right now, how is your health?
Very good
Good
Decent
Bad
Terrible

Q0000

19. Observations (Tell us about any thought you might have or situation you might have

encountered that was not included in the questionnaire)

Gratitude
Elation

[}
o
O Excitement
o
(e}
o

Other, specify

14. Rate the clarity of the information you received for managing the post-transplant

15. OF the following feelings, which one/ones do you perceive more often?

O extremely professional
) O Very professional
2 [Indicateyoun gender O Moderately professional
Male Female O sufficiently professional
O Not at all professional
3. Indicate your blood type 11. Have you faced issues during your treatment path?
Opos  Oneg  Apos  Aneg  Bpos  Bneg  ABpos  ABneg NO
o o o o o o o o o
” 3 : 12.1f YES, which of the following?
4. Indicate your region of residence T anei
O Relation with medical staff
5. specify the type of transplant received: i
Kidney Lver Heart lung Heartlung Pancreas  Kidney- Intestine  Other © Wk ralated
Bancieas (pecify) O Family related
g ojo|o o o 0 o O other, specify
6. Indicate the type of donor
Deceased donoy Lvlbg donicr O organ rejection and complications
o o O concern for family members
O Adherence to therapeutic plan
7. Indicate the region where the transplant was performed o S
P
5 T s . 5 o
. How long were you wait-listed before you received your transplant? O [t cesthes wermaioot taser
<1vear 13-24 months 25-48 months >48 months Ol 6k, ety
9. Which of the following situations made you feel more anxious while you were
wait-listed? period?
O Clinical conditions O very clear
O Fearof dying O clear enough
O concern for family members O sufficiently clear
O The duration of the wait O Notclearatall
O Economical/financial aspect
O The thought of not being able to do the things | used to do before the disease
Q  The future
© 1 did not experience any anguish Fear
O Other, specify. Anxiety

yone p,
11 a,
2 2,
o) ‘o

Policlinico S. Orsola-Malpighi
Bologna

Figure 2
Survey form for the transplanted patients.

of questions in each questionnaire to 32, making the
integrations operational from February 1Ist, 2022. All
this has transformed the initiative from a time-limited
survey to a permanent monitoring tool, so much so that
the questionnaires are still online. Consequently, being
the situation an evolving one, any consideration formu-
lated in this article might change over time.

Due to the dynamic nature of the responses, it was
therefore necessary to establish a time limit within
which to start an initial processing of the observed data.
The present analysis is therefore based on the question-
naires received by April 30th, 2022 and only refers to
the 19 initial questions, so far excluding those that were
added afterwards.

RESULTS

From 10 April 2020 to 30 April 2022, 8,899 par-
ticipants joined the research, i.e., 14% of all patients
registered in the Italian Transplant Information Sys-
tem (SIT) waiting for transplant in the study period or
followed up post-transplantation, out of which 5,289
transplanted patients and 3,610 waitlisted ones, with
an average age of 44.9 years old, mostly males (54.8%).
A mere three foreign patients (0.08%) enrolled on the
Italian waiting listed took part, and 50 Italian patients
transplanted abroad (0.94%). Nationality has not been
therefore taken into account in subsequent analysis due
to lack of worth in the analized population.

Kidney patients are the most represented both among
waitlisted (60.1%) and transplant recipients (39.6%),
making up 47.9% of the entire sample. This percentage
rises to 51% including kidney-pancreas (or nephropath-
ic patients). Hepatopathic (25.5%) and cardiopathic
patients (14.6%) follow. Patients transplanted or await-

ing lung (6.1%), pancreas and kidney-pancreas (4.2%),
tissue (1.6%) and heart-lung transplantation (0, 04%)
complete the series with lower percentages (Table 1).

In general, a sense of discouragement prevails among
waitlisted patients, especially due to the long waiting
times (59.2%). Many of them even believe that they will
not make it (30.9%) and only 19.7% report positive feel-
ings of trust and hope. The fear of dying is common
among those waiting for a lung or a heart, indicated by
60% of the former and 52.9% of the latter (Table 2). 70%
of the latter also indicate surgery as their greatest worry
as far as transplantation is concerned, a percentage that
increases to 77% among females (Table 5). Time on the
list is a particularly felt issue among patients expecting
a pancreas (74.6%) or a kidney (65.2%). Both are also
the most disheartened, since only 16.2% of the former
and 19.4% of the latter picked “feeling hopeful” as a re-
sponse (Table 2). Among already transplanted patients,
gratitude prevails (65.7%), although anxiety (44%) and
fear (18.2%) indicate a distress common to 62.2% of
patients. This is found in all participants regardless of
the transplant they underwent. Liver transplant recipi-
ents are particularly grateful (70.7%), while pancreas
transplant recipients (51.6%) are the most anxious.
Conversely, “serenity” is poorly reported by all partici-
pants, indicated by a mere 2.8% (Table 3). It should be
noted that, for all multiple-choice questions, the num-
ber of answers is not equal to the number of respon-
dents, since more options can be ticked. Therefore, the
answers can apparently reach a higher-than-100% per-
centage.

The testimonies of those directly involved are also no-
tably different when it comes to the waiting time. The
answers analyzed so far show that 77.8% of transplant
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Table 1
Patients responding to the survey on the waiting list or transplanted

Organ/tissue Waitlisted patients

by organ

Transplanted patients

Global case history

N. Ratio (%) N. Ratio (%) N. Ratio (5)
Kidney 2.168 60.1 2,097* 39.6 4,265 479
Liver 563 15.6 1,702 322 2,265 255
Heart 463 12.8 836 15.8 1,299 14.6
Lung 190 53 352 6.7 542 6.1
Pancreas 67 1.9 31 0.6 98 1.1
Kidney-Pancreas 105 29 174 33 279 3.1
Heart-Lung 3 0.1 1 0.01 4 0.04
Tissue 51 14 96 1.8 147 1.6
Total cases 3,610 40.6 5,289 594 8,899
*Itincludes 11 double kidney transplants.
Table 2
Answers to the question: “What is your most recurring mood or thought throughout the wait?"
Answer Waitlisted patients
All Kidney Liver Heart Lung Pancreas
(%) (%) (%) (%) (%) (%)
Wait length 59.2 65.2 499 454 453 74.6
Anxiety/discouragement 44.5 539 277 25.1 358 65.7
Fear of not making it 309 19.9 453 529 60 343
Trust/hope 19.7 16.2 23.1 285 23.7 194
Concern for family members 194 19.9 20.2 19.9 14.2 14.9
Economic concerns 10.9 11.4 12.8 9.5 58 9
Surrender 39 4.8 23 2.2 1.6 3
Other 122 11.9 9.1 11.0 289 164
Answer by gender M F M F M F M F M F M F
(%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
Wait length 575 61 64.3 66.1 50.6 489 46 442 44.1 46.4 714 76.9
Anxiety/discouragement 42.1 47.1 49.6 57.7 25.1 314 26.2 23 36.8 34.7 64.3 66.7
Fear of not making it 31.8 30 194 204 446 46.3 52 54.5 60 60 32.1 359
Trust/hope 20.5 189 175 15.1 23.1 23.1 26.8 31.5 21.1 26.3 17.1 215
Concern for family members 19.1 19.6 18.3 214 216 18.3 19.5 206 189 9.5 143 154
Economic concerns 134 8.3 139 9.2 15 9.6 124 42 9.5 2.1 17.3 26
Surrender 29 49 34 59 2.1 2.6 2 24 32 0 0 5.1
Other 11.5 129 11.2 126 8.7 9.6 1.1 109 26.3 316 28.6 7.7

recipients report having received the transplant with-
in 24 months of enrollment on the list. The percent-
age rises to 91.7% for liver transplant recipients, while
52.7% of patients currently on the list have been wait-
ing for more than 24 months, with cases exceeding 5
years. The overall figure is probably influenced by the
large number of renal patients, who are the majority of
participants in the survey (60.1%). Among these, the
number of those who have been on the waiting list for
more than 24 months is over 60%. For the other types
of transplant, there are no large differences in waiting
times between those on the list and transplant recipi-
ents (Table 4).

There are other situations, where the experiences of
the two groups coincide or differ less. Anxiety, for ex-
ample, is a condition common to many patients on the
list (44.5%) and particularly frequent among those ex-
pecting a kidney (53.9%), but the same emotional state
is also experienced by transplant recipients (44%). This
data is also reflected by the answers to the next ques-
tion of the questionnaire Among the following opportuni-
ties, which one/ones would you find more belpful now? In this
case, transplant recipients ticked as their most desired
form of help “continuous assistance” (33.7%), followed
by “knowing the care path to follow” (32.1%) and “psy-
chological support” (27.9%). The latter is also indicated
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Transplanted patients

Liver Heart Lung Pancreas
(%) (%) (%) (%)
70.7 68.8 66.2 54.8
387 443 46 51.6

15 20.2 18.2 29
9.7 129 17.3 194
9.5 9.1 85 9.7
52 54 48 32
33 32 14 0
6.8 6.8 9.1 32
F M F M F M F

(%) (%) (%) (%) (%) (%) (%) (%)
717 68.7 67.7 70 64.7 67.8 57.1 524

404 42 475 43.1 49 49.7 534
18.8 17.8 238 17.9 18.5 26.7 313

104 84 13.1 126 17.9 16.8 226 16.3
9.7 9.1 83 11.2 6.6 10.6 8.7 10.5
49 5.7 5.7 5 6.1 35 4.6 2.2
25 47 2.2 47 1.7 1.2 0 0

6.5 7.2 8.3 47 10.1 8.1 4.1 24

X?w':\l/\?e?s to the question: “Of the following feelings, which one/ones do you perceive more often?”
Answer
All Kidney
(%) (%)

Gratitude 65.7 61.2
Anxiety 44 47.7
Fear 18.2 19.7
Enthusiasm 11.7 11.2
Uncertainty/insecurity 89 7.7
Elation 4.6 4
Peacefulness 28 25
Other 6.6 6
Answers by gender M F M F

(%) (%) (%) (%)
Gratitude 65.1 66.4 60.5 62
Anxiety 43.1 457 46.1 496
Fear 16.1 21.2 17.5 22.1
Enthusiasm 12.5 10.6 12.5 9.8
Uncertainty/insecurity 78 10.3 6.8 8.6
Elation 47 43 41 38
Peacefulness 22 36 1.7 34
Other 6.8 6.4 59 6.2

Table 4

Answers to the question:“Time spent on the waiting list”

Waitlisted patients

All Ki Li He Lu

(%) (%) (%) (%)

<24 months 52.7 399 828 713 66.4
>24 months 473 60.1 17.2 28.7 336

as a service that is often not offered by the system but
as a need fulfilled through the patient’s personal initia-
tive. A necessity that, among waitlisted patients, is iden-
tified by a large number of participants (41.8%) and is
considered most helpful; second only to the certainty of
transplantation (81.3%). The same is observed for or-
gan rejection which represents the main concern among
transplant recipients (53.5%), particularly among kidney
ones (69.7%). A concern which is shared by waitlisted
patients, so much so that to the question “What is your
main concern about the transplant?” 41.5% of the partici-
pants replied “organ rejection” and “complications”, indi-
cating them as their greatest source of anxiety, especially
those who are waiting for a kidney (50.6%) (Table 5).
Surprisingly, the second most frequent answer to the
same question among transplant recipients is being un-
able to know anything about the donor or their family mem-
bers, which was indicated by 1,646 patients, i.e., 31.1%
of the participants (Table 6). This data is also confirmed
by the provided open answers and gains even more rel-
evance if analyzed by type of transplant and by gender.
Among liver transplant recipients, the regret for the

Transplanted patients

Pa All K Li He Lu Pa
(%) (%) (%) (%) (%) (%) (%)

313 77.7 62.7 91.7 87.7 80 80.7
68.7 223 373 83 12.3 20 19.3

lack of information about the donor and their family
is indeed indicated by 37.7% of the participants and,
among them, especially by females (41.5%). The same
goes for heart transplant recipients, where it is indicated
by 39.7% of patients, 45.5% of whom are females. The
anguish caused by the lack of information about the do-
nor and their family, is even greater, among recipients
of these two types of transplant than the fear of organ
rejection and it is reported by 38.3% of heart transplant
recipients and 36.8% of liver transplant recipients.
Another common thought among participants of both
surveys is the strong reference to the SARS-CoV-2 pan-
demic as a situation of additional concern for their con-
dition. The data was obtained from the provided open
answers, which highlighted an aspect initially neglected
in the questionnaires, an opportunity seized by 26.4%
of the participants (2,352 patients). Of these, 11.7% ex-
plicitly refers to the pandemic and the measures taken
to curb it, as disturbing and worrying factors in the re-
spective care pathways. Questions on the subject were
not initially foreseen, because no one could have imag-
ined such a rapid and lasting evolution of COVID-19.
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Z:gxefs to the question: "What is your main concern about the transplantation?” (Question addressed to waitlisted patients)
Answer Waitlisted patients
All Kidney Liver Heart Lung Pancreas
(%) (%) (%) (%) (%) (%)

Organ rejection and complications 41.5 506 23.1 21 30 44.8
Surgery 27.8 10.1 44.6 70 679 284
Nothing 27.5 329 26.8 11.2 174 269
Quiality of organ 206 19 24 17.3 30 239
Post-transplant therapies 10.7 10.5 13.7 9.1 74 11.9
Everything 8.3 10.1 7.1 32 4.2 6
Other (specify) 6.2 5.1 53 78 12.1 104
Answer by gender M F M F M F M F M F M F

(%) (%) (%) () (%) (%) (%) () (%) (%) (%) (%)
Organ rejection and complications 40 43.1 50.7 50.5 216 253 22.1 199 29.5 30.5 435 46.2
Surgery 292 263 89 11.1 422 471 66.1 77 706 652 303 265
Nothing 28 27 327 33.1 282 254 11.6 104 16.8 179 26.8 269
Quality of organ 20.1 21 20.3 179 22.1 26.1 164 184 29.5 30.5 229 24.8
Post-transplant therapies 10.1 114 9.1 11.7 13.8 135 94 8.5 9.5 53 10.7 12.8
Everything 7.9 8.7 9.8 10.2 7.2 7 3 3.6 6.3 2.1 3.6 7.7
Other (specify) 6.6 58 52 5.1 5.1 5.7 9.1 55 126 116 14.3 7.7

Table 6

Answers to the question: “Which of the following situations worries or upsets you most right now?" (Question addressed to transplanted
patients)

Answer All Kidney Liver Heart Lung Pancreas
(%) (%) (%) (%) (%) (%)
Organ rejection and complications 535 69.7 36.8 383 67 61.3
Not knowing about the donor and their 31.1 247 37.7 39.7 24.1 29
family
| am not worried/upset 21 16.8 26.1 23.1 193 258
Concerns about family members 176 15 19.6 238 14.5 9.7
Adhering to the therapeutic program 12.8 113 14 15.2 11.6 194
Economic/financial aspect 7.5 6.2 9.5 8 43 9.7
Other 6.8 6.2 6.1 6 134 32
Answer by gender M F M F M F M F M F M F
(%) (%) (%) (%) (%) (%) (%) () (%) (%) (%) (%)
Organ rejection and complications 508 563 645 757 344 413 396 364 626 717 533 688
Not knowing about the donor and their 292 338 219 279 356 415 358 455 223 26 40 18.8
family
I am not worried/upset 246 163 204 127 294 20 236 223 24 145 267 25
Concerns about family members 174 18 142 158 199 192 226 255 128 162 133 6.3
Adhering to the therapeutic program 12 14 10 12.8 13.2 15.6 15.2 15.2 1.2 12.1 26.7 125
Economic/financial aspect 9 54 6.8 5 10.6 7.6 11.1 35 6.1 23 133 6.3
Other 6 8 57 6.9 5.1 79 6.1 59 10.1 16.8 0 6.3
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However, we anticipate that from the answers received
after the introduction of specific questions, i.e., from
February 2022, the references of patients to impact
of the pandemic have increased. In fact, to the ques-
tion: Do you think that the state of emergency due to the
coronavirus pandemic (SARS-CoV-2) has influenced your

treatment path? 64.8% of waitlisted patients and 33.4%
of transplanted patients answered YES. The data, al-
though preliminary, hints to the relevance of the pan-
demic for these groups, even if it needs to be stratified
and analyzed by different variables, for its impact to be
fully understood.
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DISCUSSION AND CONCLUSIONS

The themes analyzed in the study are various and all
of great interest. Some, in particular, have caught our
attention.

Firstly, patients’ experiences, either waitlisted or
transplanted, reveal a daily reality made up of shared,
emotional suffering and discomfort. The reported states
of mind have some deeply different traits but coincide
for many others. Anxiety is one of these: it is reported
by 44.2% of survey respondents from both groups, who
admit to feeling constantly anxious, whether they are
awaiting or already underwent transplant; this emotion-
al state is probably influenced by the patient’s feeling of
uncertainty, e.g., about the transplant date or the pos-
sibility of organ rejection.

On the other hand, for waitlisted patients, the waiting
period is undoubtedly difficult for several reasons: first
of all, a lot of anguish is caused by the lack of a defined
timing, waiting for a transplant without knowing if and
when it will happen also comes with the fear that it may
not take place on time or that it may not work. All this
generates conflicting emotions between the desire to
receive the call for the transplant and the understand-
able fear for the outcome of the surgery. These contrast-
ing emotions are shown in the free answers provided
by survey respondents, by the repeated references that
patients make to the fear of not hearing the phone ring-
ing (37%), or to the fear of not waking up after surgery
(12%), or that the surgery may not be conclusive (11%).
This is particularly frequent among patients awaiting
life-saving transplants such as heart or lung.

For those who have survived the wait unscathed and
received the transplant, the concern shifts to the risk of
organ rejection. The state of anxiety, therefore, lingers
on and is renewed with every checkup or small alarm
sign. Not everyone, however, is equally anxious. Some
even appear nonchalant in the face of those same situa-
tions that for others, are a source of great concern. The
latter are also those who indicate psychological support
as one of the greatest needs both among waitlisted pa-
tients and transplant recipients. Essentially, the state
changes and so do fears, but not the want of support.
This denotes a condition of persistent emotional frailty,
under which it is more difficult to accept or tolerate any
event beyond one's control [5]. In addition, this condi-
tion should be taken into strong consideration because,
as shown in other studies, this state of frailty may ex-
pose patients to a greater risk of depression [6]. These
requests for help should be answered systematically
with structured and integrated support to the treat-
ment path and not merely if advanced by the patients
themselves. The fact that many of them report that psy-
chological support is more often than not met only on
request, represents one of the system’s critical issue that
should be corrected.

Another interesting issue is the sorrow expressed by a
third of the respondents regarding the impossibility of
knowing the identity of the donor or of having informa-
tion about them or their family. This is still a contro-
versial and debated topic, despite the reference law on
post-mortem organ and tissue donation in our country,
being clearly founded on the principle of anonymity, as

well as those of gratuity of the treatment and freedom
of choice [7]. Most probably, during pre-transplant in-
formation talks, patients should be duly informed about
legal provisions on anonymity of donor and recipient
and verify this concept has been fully understood and
accepted.

However, the evolution of both society and the Trans-
plant Network has reopened the debate regarding the
need for the current legislation to be revised precisely
in the light of the changes that have taken place. The
National Bioethics Committee itself has opened to the
possibility that the principle of anonymity be reconsid-
ered under certain conditions [8]. In the light of this,
a legislative proposal was also presented to the Cham-
ber of Deputies which incorporates all the suggestions
of the National Bioethics Committee and, therefore,
it cannot be excluded that in the near future, in Italy,
contacts between donors and recipients may be allowed
[9]. Documenting the position reported by over 31% of
the survey participants represents an important element
of knowledge and it might provide a pivotal contribu-
tion to the discussion.

What is unexpected is that the yearning for informa-
tion, frequently expressed by the donor's relatives, is
shared by many transplant recipients who believe the
current limitation to be of social nature, both for those
who just wish to leave a flower on the donor’s resting
place and for those who are truly tormented by the idea
of not being able to personally express their gratitude
to the family.

All this denotes a need for gratitude, which, although
understandable, remains a delicate issue that can lead
to dependence and open up scenarios of subjection
that can result in a condition of fragility. It will there-
fore be necessary to thoroughly weigh the possible
benefits of an emotionally strong relationship between
the donor’s family and the recipient, which comes
with the high risk of both parties’ expectations being
disappointed, at some point. The rule that protects
anonymity, even if it may seem excessively restrictive,
represents a form of emotional protection both for the
recipients and for the donor’s family members. In the
event of being able to meet, certainly neither party can
be left alone, even when this will is clearly expressed
by both. It is likely that the mediation of a third party,
indicated by the National Bioethics Committee as one
of the possible conditions, can represent an intermedi-
ate solution capable of better and more appropriately
manage relationships that can prove to be very com-
plex [10, 11].

Moving on, the wide response to the surveys (63.1% of
patients who accessed the online questionnaires, equal
to 14% of patients registered in SIT) testifies to their
desire to interact with the system and to the isolation
and difficulties exacerbated by the pandemic. However,
the many comments freely formulated, whether they be
of appreciation for the initiative, or questions or about
critical issues, imply that we are faced with patients in
need of expressing their doubts, uncertainties and of
asking for explanations. All this draws attention to the
importance and value of the doctor-patient relation-
ship. Healthcare professionals should be more aware
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that human qualities such as availability, ability to listen
and dedication are not secondary to professional skills
and, most importantly, that a greater communicative ef-
fort on their part can foster the empathic bond with the
patient and improve their assistance [12].

The last aspect that emerges is the pandemic and its
possible interference in the path of care of patients. Ac-
cording to part of the participants, the state of emer-
gency caused by COVID-19 interfered in their care
path not only as far as the risk of being infected by the
virus is concerned, but also in terms of making access to
treatments and care for waitlisted patients more com-
plicated, as well as routine checkups for transplant re-
cipients. In particular, from the answers to the specific
questions introduced later in the questionnaires, 4 out
of 10 patients report complications in their respective
care pathways; of these, just over 2 out of 10 had dif-
ficulty in keeping in touch with specialists and reference
centers for their pathology; 2 out of 10 have been strug-
gling with practical problems such as abruptly canceled
scheduled visits and exams. Among transplant recipi-
ents, the greatest difficulty relates to the reduction in
checkups (55%); while among waitlisted patients to ac-
cessing diagnostic services in the area (51.8%).

From these preliminary data we can therefore con-
clude that the pandemic has created some concern. The
hardships reported by patients make us believe that the
problems can be attributable both to the state of suffer-
ing of health structures overwhelmed by the emergency,
and to an attitude of caution or renouncement of pa-
tients for fear of the virus. This is a reasonable outcome,
considering that these situations are also highlighted
in other studies [13]. On the other hand, the feeling
of being overwhelmed by the COVID-19 emergency
is shared by everyone and had consequences in every
field, throughout the globe. The death toll (over 6 mil-
lion) and the number of infections (over 500 million)
demonstrate its devastating effect [14]. It is therefore
plausible that the transplant system may have been af-
fected as well.

However, the opposite could be just as valid: the Ital-
ian transplant system has successfully withstood the
emergency impact, since 6 out of 10 patients report
that they have not been affected by the pandemic.

In reality, there is much left to be understood about
COVID-19’s effects so far and over time. Among oth-
ers, our remarks are based on data freely reported by
the survey participants which, although substantial in
number, do not represent the entire sample of patients
tracked by SIT, that is 16,822 waitlisted and 45,812
followed-up transplanted patients. At the end of the
research, the results will necessarily be stratified and
evaluated according to geographical area of residence
of the patients and of the transplant, as well as age, type
of transplant, gender and, last but not least, vaccination
status.

So, even if the peak phase of the health emergency
seems to be behind us and the latest variant of the vi-
rus under control, we can only make a preliminary as-
sessment of the consequences for the Italian transplant
system.

In conclusion, we can say that what we have observed

so far is a multi-faceted capital of knowledge, deserv-
ing further and specific insights. The deep sufferings
emerged are what researchers define as “criticalities”.
These hardships, regardless of the question asked,
mainly revolve around the exhausting wait and fear of
organ rejection. Two distinct topics that seem to be the
common thread of the patients’ anxieties and needs,
even if with substantial differences between transplant
programs. The psychological distress probably arises
from this, also due to the lack of precise indication to
the professional figures to rely on. It is one of the sys-
tem’s shortfalls, which unfortunately foresees different
approaches and solutions throughout the national terri-
tory. Strengthening the local psychological care services
is a fundamental action in order to reach an effective,
consistent and integrated level of care of both waitlisted
and transplanted patients, given that psychological bal-
ance is an integral part of the individual’s well-being.
However, although this may meet patients’ needs,
the underlying problem is still a structural one and it
is caused by the gap between supply and demand for
organs that generates long waits from which anxieties
and discomfort arise. Measures to support patients
are, therefore, welcome but more must be done both
on finding potential deceased donors, for example by
consolidating the DCD (Donation after Circulatory
Death) donation program (NHBD), and by providing
greater support for living donation which remains an
additional resource of great importance.

Prospective activities, that are planned to be imple-
mented as output of this survey are: a) the organization
of a public Webinair, during which patients and trans-
plant network stakeholders would have the opportunity
to discuss the survey outcomes and identify proper
measures to be taken; b) performing a deeper analysis
of collected infos, in order to select most frequent criti-
cal issues, most affected geographical areas and kind of
transplant, so as to be able to prioritize interventions
by Regional Transplant Centres and hospitals; ¢) third,
analysing the impact — on patients’ attitude — of organi-
zational measures put in place by Regional authorities
to support donation and transplant activities, compar-
ing this data with the trend of utilized donors, carried-
out transplant and waitlist waiting time.

Our goal so far was to intercept and report the wants
of patients, but we now have to take care of them. It
would therefore be very important to submit these testi-
monials to qualified professionals who know how to in-
terpret their meanings and promote adequate solutions.
On the other hand, the identification and interpreta-
tion of needs is a preliminary activity of fundamental
importance for setting up each service or intervention
program [15]. This may represent the starting point for
proposing monothematic researches capable of leading
us to a fuller satisfaction of needs, on the one hand, and
on the other to a better organization of the transplant
system, a most articulated and complex one.
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Abstract Key words
Background. Holoprosencephaly is a rare (1/16,000 livebirths) and severe brain malfor- | ¢ malformation

mation occurring during early embryogenesis. The malformation originates from absent
or incomplete forebrain division and is associated with altered embryonic patterning.
Objectives. A narrative review to identify and assess the evidence on non-genetic risk
factors.

Results. Genes involved include sonic hedgehog, Zinc finger protein, SIX homeobox 3.
Pregestational diabetes, with periconceptional hyperglycaemia, is the main non-genetic
risk factor; increased oxidative stress in neuroectoderm, in particular neural crest cells,
appears as the main mechanism. Several widespread pollutants, including inorganic arse-
nic, PFAS and PCBs, may increase the risk of pregestational diabetes by altering meta-
bolic factors, including lipids and insulin. A scenario “widespread exposures-rare out-
comes in susceptible subjects” suggests that exposure to dietary pollutants may increase
the risk of pregestational diabetes, hence of holoprosencephaly in susceptible embryos.
Conclusions. This complex pathway is plausible and worth being investigated; more-
over, it highlights the importance of assessing risk factors, and the associated uncertain-
ties, in order to support primary prevention strategies for multifactorial malformations.

multifactorial
endocrine disruptors
risk factors
pathogenesis

INTRODUCTION

Obesity, type 2 diabetes (T2D) and other metabolic
diseases clustered in the “metabolic syndrome” are ma-
jor health problems worldwide [1]; in addition, obesity
and T2D represent important risk factors for other hu-
man diseases, including congenital anomalies (CA). In-
deed, the European recommendations for the CA pri-
mary prevention rank obesity and pre-gestational T2D
among the main risk factors to be targeted by commu-
nity actions [2]. Noticeably, gestational diabetes, i.e.,
glucose intolerance usually occurring at the second-
third trimester of pregnancy, is also an important risk
factor for several adverse pregnancy outcomes, such
as prenatal overgrowth, stillbirth and prematurity [3];
however, it is not a main risk factor for CA as it occurs
after completion of organogenesis. The modes of action
by which pre-gestational T2D can increase the CA risk

include increased oxidative stress and perturbed glucose
metabolism [4, 5]. Meanwhile, beyond being a general
risk factor, epidemiological evidence indicates a role in
enhancing the risk of specific malformations. One case
is represented by holoprosencephaly, a severe early dis-
turbance of brain and craniofacial development. Holo-
prosencephaly is rare in livebirths and it causes early
death and/or different degrees of severe disability [6, 7].

The role of dietary patterns as risk factor for the vari-
ous manifestations of the metabolic syndrome is recog-
nized since decades; yet, growing evidence highlight a
role for chemical pollutants as well. So-called “western
type” dietary styles, matched with insufficient physical
exercise and the aging of population, can interact with
specific environmental pollutants able to alter glucose
and lipid metabolic pathways. The contribution by spe-
cific, widespread pollutants to actual burden of meta-
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bolic syndrome manifestations such as T2D cannot be
overlooked, because of both relevant modes of action
and targets and multiple exposure routes, including
diet. While exposure can occur along the whole lifes-
pan, the prenatal programming appears as the most
susceptible lifestage [1].

Hence a biologically plausible link between holopros-
encephaly, T2D and specific widespread pollutants is
worth being explored. Under this respect, the concep-
tual framework of adverse outcome pathways (AOP)
might help assessing the interconnections between
molecular markers, specific congenital anomalies and
risk factors [8]. The growing data-set on AOP and re-
lated key events are being used to evaluate the biologi-
cal plausibility of associations between exposures and
some adverse developmental outcomes, e.g., pesticides
and developmental neurotoxicity [9]. Meanwhile, AOP
have been rarely applied to CA: a recent example is the
assessment of a food contaminant, the mycotoxin fu-
monisin B1, as risk factor for neural tube defects [10].
While no AOP does exist for holoprosencephaly, so far,
elements of the AOP approach might support discuss-
ing the relevance of some molecular and cellular events
to holoprosencephaly and its risk factors. The present
work intends to review and discuss the biological basis
of a potential relationship between holoprosencephaly,
T2D and selected food pollutants.

HOLOPROSENCEPHALY. PATHOGENESIS
AND RISK FACTORS

Holoprosencephaly (HPE) is a complex brain mal-
formation with a wide spectrum of associated craniofa-
cial defects (sometimes very severe, such as cyclopia),
all characterized by midline defects: the pathogenesis
stems from incomplete cleavage of the prosencephalon,
occurring between the 18th and the 28th day of gesta-
tion in humans [5]. Whereas the pathogenesis is com-
mon, the HPE includes a range of phenotypes whose
increasing severity depends on the degree of cleavage
impairment: lobar, semi-lobar and alobar HPE. The
malformation is rare in newborns, with estimated inci-
dence 1/16,000 live births; however due to high mortal-
ity in utero, the incidence is much higher in concep-
tuses, 1/250. In livebirths, HPE mainly leads to early
mortality or severe disability; milder forms with minor
anomalies and symptoms are also reported. Interesting-
ly, HPE patients frequently present endocrine defects,
often more than one in a single individual, including
diabetes insipidus, and adrenal hypoplasia [11].

HPE has a well-established embryogenetic origin,
yet the molecular basis of the disease is still uncertain
in most cases. The main genes involved include Sonic
hedgehog (SHH) [12]. Zinc finger protein (ZIC2), SIX
homeobox 3 (SIX3), as well as other genes involved in
the embryonic patterning processes [11]. Noticeably,
the sonic hedgehog pathways involved in HPE are also
essential in pituitary formation; as a consequence, HPE
patients frequently show pituitary deficiency and diabe-
tes insipidus [13].

In a putative AOP perspective, the above genes, as
well as others with similar functions, may be target of
HPE-relevant molecular initiating events, i.e., may rep-

resent critical starting points for the pathway(s) lead-
ing to the adverse phenotype. SHH knock-out mouse
embryos develop a sever HPE phenotype, with fusion
of the telencephalic vesicle and optic cup, deriving from
the loss of the ventral midline portion of the neural
tube [14]. ZIC2 is critical for the organization of the
anterior notochord, in particular for providing main-
tenance signal to the prechordal plate; in its turn, this
structure promotes, through SHH, the formation of the
two hemispheres in the developing forebrain [15, 16].
The transcription factor SIX3 is essential for the devel-
opment of the forebrain by establishing the anterior-
posterior identity of brain vesicles and has a key role in
pathways leading to retinal and lens morphogenesis [17,
18]. Noticeably, ZIC2 and SIX3 also inhibit Wnt signal-
ling; in vertebrate embryos, formation of anterior neural
structures requires suppression of Wnt signals emanat-
ing from the paraxial mesoderm and midbrain territory
[16, 19, 20]. Overall, these critical genes point out the
main embryonic districts targets of early events in puta-
tive pathway(s) leading to HPE, namely: the anterior
notochord and the dependent forebrain induction, as
well as a direct impairment of forebrain patterning. In-
hibition of Wnt signalling immediately consequent to
SIX3 or ZIC-2 dysregulation might feature as an early
key event in the stream eventually leading to HPE [16,
19, 20]. As shown by animal models, the subsequent
cascade of events leading to the craniofacial alterations
typical of HPE would involve the pathways orchestrat-
ed by Bone morphogenetic protein, Fibroblast growth
factor, and Nodal signalling [21].

Altered lipid and cholesterol metabolism may also
play a role in HPE pathogenesis. The malformation has
been associated with mutations of TG interacting fac-
tors (Tgifs) 1 and 2, which are homeodomain proteins;
loss of Tgif function can disrupt the SHH signalling
pathway [22-24]. Tefs 1 and 2 interact with the ligand
binding domain of retinoid X receptor o; in its turn,
this is a main heterodimeric partner of other nuclear
receptors that are key regulators of lipid and cholesterol
pathways, liver X (LXRs) and peroxisome proliferator-
activated receptors (PPARs). Indeed, Tgifl and Tgif2
may act as transcriptional regulators of pathways acti-
vated by lipids [25]. Unfortunately, to our best knowl-
edge, no further data have elucidated the connection
between the risk of HPE and the perturbation of lipid
and/or cholesterol metabolism.

HPE is largely recognized as a multifactorial malfor-
mation spectrum, where environmental factors interplay
with gene defects/mutations. HPE has been defined
as a polygenic perturbation of anterior midline forma-
tion, with environmental factors, as well as embryonic
stochasticity, influencing the phenotypic outcome [26].
Maternal pre-gestational T2D is consistently identified
as a major risk factor in humans [11, 12, 27-29]. The
largest case-control study on birth defects carried out in
the USA, the National Birth Defects Prevention Study,
reported a higher rate of pre-gestational diabetes in
mothers of case infants (775/31,007, 2.5%) compared
to controls (71/11,447, 0.6%); gestational diabetes dur-
ing the index pregnancy showed also a slight increase
(5.3% vs 4.7% in controls). Pregestational diabetes had a
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strong impact on the risk of several malformations, HPE
showing the second highest increase (adjusted odds ra-
tio, 13.1; 95% confidence interval, 7.0-24.5) [27].

Interestingly the highest increase was observed for an-
other rare malformation, sacral agenesis, a malformation
of distal body axis, also associated with sonic hedgehog
pathway [30]. Conversely, gestational diabetes was not
associated with an increased HPE risk (adjusted odds
ratio 1.2, 95% confidence interval, 0.6-2.4); hence, the
findings clearly identify the critical role of the glycaemic
level before pregnancy through to the early phase of or-
ganogenesis [27]. The role of the glycaemic level itself,
rather than of the type of diabetes, has been highlighted
by a recent study, nested on the same dataset, that found
no substantial differences between the increased risks
associated with pregestational T2D and pregestational
type 1 diabetes. The pathogenesis of type 1 diabetes is
characterized by reduced insulin production, rather than
weakened insulin balance and control as in T2D; mean-
while, both diabetes types result in periconceptional
hyperglycaemia when occurring in women at fertile age
[31]. The association between pregestational diabetes
and HPE has been confirmed by a worldwide systematic
analysis of 59 population-based studies (1990-2021),
overall involving more than 80 million participants. In
this data-set, pregestational and gestational diabetes
showed almost the same prevalence, 3.0% and 2.9% re-
spectively: while pregestational diabetes increased the
risk for a number of malformations, HPE showed the
highest relative risk (18.18, 95% confidence intervals
4.03-82.06). Conversely, the increase associated with
gestational diabetes was significantly smaller in regard
of overall malformations: in particular, no increased risk
was observed for HPE [29]. The specific increase of risk
due to pregestational diabetes may partly reflect the ear-
ly developmental window for HPE induction: an altered
glycaemic status and associated metabolic disruption
would need to be already present at organogenesis start.
In fact, based on available evidence, gestational diabetes
does not elicit a major risk for HPE. Meanwhile some
other factors might have contributed to the findings re-
ported in [29]. As the authors point out, the included
studies show heterogeneity due to the lack of consensus
and uniformity in the screening and diagnostic criteria
for both pre- and gestational diabetes. An overestima-
tion of the risk for total birth defects still observed for
gestational diabetes might derive from the presence of
unrecognized pregestational diabetes discovered only
during pregnancy; on the hand, the inclusion of gesta-
tional diabetes cases occurring after the early pregnancy
— the vulnerable window for birth defects — might lead to
an underestimation of the risk. In addition, most stud-
ies included live births only; information on stillbirths
and terminations of pregnancy for birth defects could
provide a more accurate estimate of the impact by the
different forms of diabetes on HPE risk [29].

A recent case control study compared 92 HPE cases
with 56 patients of a rare genetic syndrome, the Wil-
liams-Beuren syndrome, with manifestations very differ-
ent from HBE and no known environmental risk factors
[28]. The results confirmed the importance of maternal
pregestational diabetes, present in the 9.2% of cases and

0% of controls (p=0.02). In addition, the findings sug-
gest the potential relevance of dietary/lifestyle factors
(higher consumption of alcohol, cheese and espresso
coffee). The actual role of these dietary factors, e.g., flag-
ging associated nutritional imbalances and/or exposures
to toxicants, needs to be further investigated.

Another group of risk factors is the use of consumer
products and biocides such as personal insect repellents,
insecticides and acaricides for pets, and household pest
control products [28]. While this data definitely deserve
attention, more accurate exposure data will be needed
to evaluate the association (including precise definition
of chemicals and possibly biomarkers of exposure).

Veterinary medicine offers a unique example of HPE
due to an exogenous dietary factor. Outbreaks of cyclo-
pia were observed in lambs from sheep kept on mountain
pastures in western USA. The alkaloid-containing forage
grass corn lily (Veratrum californicum) was the feed ingre-
dient involved; the main teratogenic agent was the steroi-
dal alkaloid cyclopamine, an inhibitor of the SHH signal
transduction pathway and an antagonist of the trans-
membrane receptor Smoothened [32, 33]; in its turn, the
receptor is a key transducer in the SHH pathway [34].

In humans, no known natural or man-made toxicants
have been firmly associated till now with HPE; preges-
tational diabetes is by far the major risk factor identi-
fied. As recognized by the World Health Organization,
diet — in particular the excess of sugar and saturated
fats as well as the excess caloric intake with low physical
activity — is a major trigger for the onset and severity of
T2D, which is by far the most common form [35].

The pathways involved in the HPE pathogenesis are
summarized in Table 1.

PREGESTATIONAL DIABETES
AND HOLOPROSENCEPHALY:
MECHANISMS INVOLVED

The increased risk of malformations in general, and
specifically of HPE, by pregestational diabetes may
involve several pathways. One might postulate that
embryos with mutations (or epigenetic alterations) of
genes relevant to HPE onset will be highly vulnerable
to such mechanisms.

The hyperglycaemia characteristic of diabetes increas-
es oxidative stress in maternal-embryonic environment.
In turn oxidative stress can cause genotoxic damage in
cranial neural crest cells, a compartment particularly
active in the early embryonic development, with pro-
liferation, differentiation, apoptotic and migration pro-
cesses. Neural crest cells are pivotal for craniofacial de-
velopment, which show a wide spectrum of anomalies
in HPE, up to cyclopia; stochasticity of damage might
be involved in the observed phenotypic variability [36].
The oxidative damage in neural crest cells, associated
with pregestational diabetes, may result in craniofacial
defects also by targeting the ribosomal RNA, hence the,
post-trascription translational process [36, 37].

Two additional risk factors for oxidative stress in the
spectrum of changes associated with T2D need being
mentioned. One is represented by glycated products:
persistent hyperglycemia elicits a widespread non-en-
zymatic glycation reaction with cell components, such
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Table 1
Summary of main genes and pathways involved in the pathogenesis of holoprosencephaly
Gene Pathway/function References
Zinc finger protein (ZIC2) Organization of the anterior notochord, providing maintenance signal to the [11,15,16,19, 20]
prechordal plate that promotes, through SHH, the forebrain patterning.
With SIX3, suppression of Wnt signals from the paraxial mesoderm and midbrain
territory
SIX homeobox 3 (SIX3) Organization of the anterior- posterior identity of brain vesicles; initiation of retinal [11,16-20]
and lens morphogenesis.
With ZIC2, suppression of Wnt signals from the paraxial mesoderm and midbrain
territory
Sonic hedgehog (SHH) Patterning of telencephalic vesicle and optic cup from ventral midline portion of [11,13,14]
the neural tube; pituitary formation
Bone morphogenetic protein Craniofacial patterning [21]
Fibroblast growth factor Craniofacial patterning [21]
TG interacting factors (Tgifs) 1 Homeodomain proteins: regulation of SHH signalling; interaction with the ligand [22-25]

and 2 binding domain of retinoid X receptor g; transcriptional regulators of (LXR and

PPAR-regulated) lipid pathways

LXR: liver X receptor; PPAR: peroxisome proliferator-activated receptor.

as proteins, lipids and nucleic acids. The by-products,
named advanced glycated end products, activate a
number of pathways that enhance oxidative stress [38].
Another important factor for enhanced, systemic oxida-
tive stress is the low-grade but persistent inflammatory
status of adipose tissue when T2D is associated with
obesity as it frequently occurs; remarkably, pathways
activated by glycation products are important also for
obesity-related inflammation [39].

One component of the multi-faceted effect of in-
creased oxidative stress is the perturbation of the cho-
lesterol homeostasis, regulated via LXR activation, with
increased cellular cholesterol efflux [40]. This effect
was observed in human fetoplacental endothelial cells,
representing a later pregnancy phase compared to de-
velopmental window for HPE, nevertheless, there are
no reasons to discount a perturbation of cholesterol ho-
meostasis in the early post-implantation embryo, too.
Noticeably, mutations of Tgifs 1 and 2, transcriptional
regulators of lipid pathways, mainly LXR and PPAR-
regulated, are associated with HPE [22-25].

Opverall, the available scientific evidences indicate
that pathways leading from pregestational diabetes to
the increased risk of HPE all pass through the glycemia-
induced oxidative stress. In its turn, oxidative stress may
damage the DNA and/or RNA of cellular populations
involved in the anterior midline formation and cranio-
facial development: notochord, prosencephalon, cranial
neural crest. Additionally, oxidative stress can disrupt
the metabolome by altering the lipid and cholesterol
pathways. Several factors may influence the onset and
severity of HPE, a clinically multi-faceted CA: the
amount of insult, favouring genetic predispositions as
well as the induction of changes in the relevant genes/
pathways, likely has a stochastic component.

DIETARY SUBSTANCES
AND HOLOPROSENCEPHALY-RELEVANT
PATHWAYS

Cannabinoids inhibit hedgehog signalling; the canna-
binoid A9-tetrahydrocannabinol (THC) induced HPE

in Cdon mutant mice, a strain with a subclinical defi-
cit in hedgehog signalling; this effect is not observed in
other mouse strains without the signalling defect. THC
can exert this effect directly, even in cells devoid of can-
nabinoid receptor-type 1, the typical THC receptor
[41].

THC, a well-known psychoactive drug, is also an un-
desirable substance of dietary relevance, due to its pres-
ence, albeit at low levels, in hemp used as human food
as well as animal feed, whence it can pass to milk and
dairy products [42, 43]. The existence of a teratogenic
risk, if any, in human consumers would depend from in-
take levels and the threshold in genetically-susceptible
individuals. Nevertheless, these data flag that even nat-
ural substances, present, e.g., in supplements and novel
foods may induce mechanisms relevant to HPE.

From a risk assessment perspective, the most inter-
esting aspect is that several pollutants widespread in
food commodities may represent indirect risk factors
for HPE by acting as metabolic disruptors, thus en-
hancing the risk of T2D (as well as obesity and other
metabolic disorders), mainly by acting on endocrine-
regulated pathways [1, 44]. Several such substances are
persistent chemicals accumulating in food chains and
representing important dietary contaminants. A recent
systematic review and meta-analysis of available human
studies (both cohorts and case controls) estimated the
relationship between the risk of gestational diabetes
mellitus and persistent, bioaccumulating pollutants
such as the lipophilic polychlorinated biphenyls (PCBs)
and poly-brominated diphenyl ethers (PBDEs) and
per- and polyfluoroalkyl substances (PFAS), that persist
in the body mainly by binding to serum proteins. All
three families of persistent pollutants were associated
with a moderate but statistically significant increases of
the risk with average odds ratios ranging 1.32-1.06 [45].
Similar results were obtained also for phthalates, which
are widespread, lipophilic but relatively non-persistent
chemicals mainly released in foods from food contact
materials [46]. Phthalates may increase the risk of dia-
betes through activation of PPARs, thus dysregulating
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both the lipid and glucose homoeostasis and the devel-
opment and progression of pancreatic f cells [46].

A significantly increased risk for gestational diabetes
of a similar magnitude order as in [43] was observed
by a recent meta-analysis focused on PFAS. In this
case the responsible of the significant association was
PFOA, one of the most widespread and most investi-
gated PFAS [47]. As already specified, gestational dia-
betes is not associated with HPE [27]. Nevertheless,
the results reported in [45-47] indicate a potential for
unbalancing insulin homeostasis by several main food
contaminants, prompting to further investigation on
the contribution of toxicant exposures to pregestational
diabetes and its impact as teratogenic factor.

Noticeably PFAS are also activators of PPAR-alpha
[48]. A thorough in vitro study on the human hepatocyte
cell line HEP-G2 was carried out on PFOA, a PFAS in-
volved in major contamination hotspots worldwide. The
results show that PFAS can increase the risk of glucose
intolerance acting at hepatic level. PFOA, at the con-
centration of 0.1 ng/mL reduced glycogen synthesis:
impaired membrane translocation of the glucose trans-
porter Glut-4 upon insulin stimulation and early uncou-
pling of insulin receptor activation from downstream
were considered early events involved in low grade
chronic inflammation-related insulin resistance [49].
PFAS exposure can also worsen the clinical phenotype
in organisms already affected by diabetes, as shown by
dose-related changes in lipidomics and pancreatic in-
sulitis in non-obese diabetic (NOD) mice caused by
the exposure to the PFAS perfluoroundecanoic acid
in drinking water. NOD mice represent a spontaneous
animal model of immune diabetes, related to human
diabetes type 1 [50]. Nevertheless, the possible rela-
tionship between PFAS and pregestational diabetes is
not straightforward. Artificial intelligence was used to
build an AOP-based investigation on the associations
between PFAS and adverse metabolic outcomes. With
a remarkable burden of uncertainties, the association
is more plausible with dyslipidaemia and obesity rather
than with insulin resistance [51]. This finding does not
rule out the possibility that PFAS may aggravate a pre-
existing hyperglycaemic status or may increase the risk
of non-insulin-dependent diabetes [52]; indeed, since
the critical aspect appears to be the pregestational hy-
perglycaemia, type 1 diabetes is a risk factor for HPE
comparable to the more frequent and later-onset insu-
lin-resistant T2D [29, 31].

The two main long-chain PFAS, PFOS and PFOA, are
being globally phased-out as new entries in the Persis-
tent Organic Pollutant group [53]. These chemicals will
remain as “legacy contaminants” in ecosystems and agri-
food chains: pervasive presence is associated to their per-
sistence as well to their widespread industrial uses (e.g.,
textiles) due to their tensioactive and hydrorepellent
properties. In its 2020 evaluation the EFSA concluded
that, in the European Union, fish, fruits and eggs — and
the related products — are the main contributors to the
dietary intake and that the exposure levels of parts of
the general population are of concern [54]. Preliminary
studies on fluorinated compounds proposed as alterna-
tives indicate that at least some of them, such as the

6-chlorinated perfluoroalkyl ether sulfonic acids, have
the potential to alter glucose homeostasis markers [55].

Another main example of persistent pollutants associ-
ated with diabetes is represented by polychlorinated bi-
phenyls (PCB), a widespread group of chemicals widely
employed for industrial uses till their ban in the 80s,
due to their persistence and bioaccumulation, PCB still
feature as significant food pollutants, even decades af-
ter ban. PCBs are lipophilic and contaminate mainly
foods of animal origin, such as fatty fishes followed by
eggs, milk and dairy products and meat [56]. Several
human studies associate PCB serum levels with abnor-
mal glucose metabolism and the risk of diabetes. A re-
cent, large (4,000 subjects) cohort study carried out
in China evidenced the positive relationships of serum
PCBs concentrations with fasting plasma glucose val-
ues and the risk of diabetes. While no association was
found with an oxidative DNA damage biomarker (uri-
nary 8-hydroxy-2'-deoxyguanosine), a clear, significant
association was found between PCB exposure and the
lipid peroxidation biomarker urinary 8-isoprostane. The
highly persistent PCB 153 showed the strongest asso-
ciation with glucose disturbance and lipid peroxidation
among the seven main congeners tested [57]. Inter-
estingly, PCB congeners may trigger different toxicity
pathways, and PCB 153 belongs to a congener cluster
mainly modulating genes involved in steroid and lipid
synthesis [58].

Inorganic arsenic, an important pollutant worldwide,
is another major dietary contaminant associated with
T2D. The main environmental sources are either man-
made and geochemical; the main contributors to di-
etary intake are rice and rice-based products as well as
dinking and household water (e.g., used for cooking)
in contaminated hotpots. Conversely, organic arsenic
metabolites (arsenobetaine, arsenosugars, arsenolipids)
accumulate in fish and seafood, but they are generally
considered to be of low toxicity [59]. Arsenic appears
to disrupt directly insulin-regulated pathways by elicit-
ing several, confluent early events: beta-cell dysfunction
(though enhanced apoptosis and inhibited prolifera-
tion), impaired glucose tolerance by the reduction of
glucose-stimulated insulin secretion, both directly and
by increasing oxidative stress through disrupted mito-
chondrial function; downregulated insulin synthesis by
decreasing insulin mRNA transcription [60]. Arsenic
also alters the microRNA profile of pancreatic beta
cells, especially targeting miR-29a. An in vitro study on
INS-1 832/13 beta cells showed that genes downregu-
lated by inorganic Arsenic(III) were enriched in insu-
lin secretion and T2D pathways. On the other hand,
such effects were not seen with the methylation product
methyl arsenite, which downregulated genes enriched
in cell cycle and critical beta cell maintenance factors.
Overall, post-transcriptional control in pancreatic beta
cells may be a main target of inorganic arsenic [61].
In humans, there is evidence that populations living in
areas with high environmental arsenic have a greater
risk of T2D [62]. On the other hand, it is less clear
whether current exposure levels in industrialized world
areas, with more severe regulations toward pollutants,
are associated with an enhanced risk; however, growing
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evidence [63-65] show that higher levels of biomark-
ers of exposure to arsenic are associated with increased
T2D-relevant biomarkers, including altered cholesterol
levels [65]. While arsenic likely interacts with several
other risk factors, e.g., genetic polymorphisms [63], the
available data indicate that the potential link between
arsenic exposure, pregestational diabetes and the risk
of HPE, and other malformations, deserves attention.

CONCLUSIONS

No studies till now have investigated the possible
link-mediated through the enhanced risk of pregesta-
tional diabetes between a rare and severe malformation
of early nervous system patterning, such as HPE, and
widespread food pollutants, such as inorganic arsenic,
PFAS and PCBs. Up-to-date scientific evidence lend
support to the biological plausibility of such link, indi-
cating that further investigation is worthwhile. Several
widespread food contaminants alter metabolic path-
ways relevant to insulin and/or lipid regulation and in-
crease the risk of pre-gestational diabetes, which is a
recognized major risk factor for HPE. The main path-
way by which pre-gestational diabetes increases the
risk of HPE appears to be increased oxidative stress
in neuroectoderm, in particular neural crest cells. The
onset of HPE requires a genetic predisposition, includ-
ing stochastic mutations in genes involved in embry-
onic patterning. Thus, the available evidence point to a
plausible working hypothesis, based on a multifactorial
pathway; the widespread exposure to dietary pollutants
increases the risk of gestational diabetes which leads
to an increased HPE risk in susceptible embryos. This
hypothesis identifies a scenario “widespread exposures-
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Abstract Key words
Introduction. The transition from childhood to adulthood is one of the main critical | * autism
points in the network of services for taking care of people with autism spectrum disorder | ¢ transition age
(ASD). Within the framework of the national research programs on autism, an exploratory | © diagnostic assessment
longitudinal multicentre study was conducted. This research program, called “Ev.A Proj- | ® therapeutic care
ect (Developmental and Adult Age)”, was proposed by the Italian National Institute of | * health services
Health (Istituto Superiore di Sanita, ISS) and the aim was the development and testing of

a diagnostic, therapeutic, assistance and educational pathway (PDTAE) for autism.

Aim. The present study aimed to evaluate two impact outcomes of the care protocol: the

response obtained by the ASD person, and the perception of the change in the family

context.

Methods. Participants underwent an initial clinical evaluation and then after one year.

Over the course of the year, participants undertook a program of intervention. The mea-

sures of adaptive functioning, need for support, psychiatric symptomatology and family

quality of life were used for the outcome assessment. Linear mixed models were con-

structed for each measure to estimate the explanatory/predictive behavior of the inten-

sity of the interventions, adjusted for the participant’s level of symptom severity.

Results. The results estimate a main effect of Intervention Group (b=-27.22, p<0.001)

and severity level (b=-41.87, p<0.001) on the adaptive functioning of the ASD person, but

no effect on performance on the dimension of Family Quality of Life (b=0.523, p=0.455).

Conclusions. The most significant predictor of the impact on the ASD person is the

activation of the service network, which must take into account the level of severity of

the presented symptoms.

INTRODUCTION [2]. Although there is an increasing competence of

Autism spectrum disorder (ASD) represents an  public mental health services in the early diagnosis and
atypical and heterogeneous developmental condition  in structuring interventions to improve the treatment
that emerges early in life [1] but it has a life-long im-  of the ASD person, the transition from developmental
pact on an individual's development and adaptation age to adulthood represents one of the main critical
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issues of the service network in caring for people with
ASD.

The term “transition” generally refers to a planned and
targeted process that addresses the needs of ASD young
people (from the age of 16-18 years) holistically in the
passage from a child to an adult-oriented health care sys-
tem [3]. The number of ASD services decreases from
childhood to adulthood and continues to decline into
late adulthood, while the use of drugs and hospitalisa-
tion services increases [2, 4, 5]. Moreover, the transition
from developmental age to adulthood represents a peri-
od characterised by significant changes in neurobiologi-
cal and behavioral development [3] in which adolescents
and young adults experience so-called “developmental
challenges”, such as the transition to secondary educa-
tion, the conclusion of schooling, the access to employ-
ment, the acquisition of personal autonomy and the
development of friendships and intimate relationships.
These changes that occur during development are also
made difficult by social interaction deficits [6], which
become more evident with reaching adulthood, an age
in which a person should achieve more independence.

Although the literature focusing on transition is still
scarce, some studies emphasize that, at this stage, ser-
vices should set a central objective to support adoles-
cents with ASD in learning to “function as adults” [7,
8]. This aspect is of relevance as people with ASD show
persistent impairments as well as regressions in func-
tional and adaptive abilities in adulthood and high rates
of mental health problems [5, 8, 9]. Moreover, they
show a lower rate of independent living and employ-
ment opportunities [3, 10] and impairments in social
cognition skills necessary for good social interactions,
friendships and relationships [7, 11]. These aspects also
appear to be associated with the severity of autism [12].
Generally, terms such as “high” and “low” functioning
are used to define the symptom profile of persons with
ASD. However, research supports the attribution of
ASD severity by means of the Diagnostic and Statistical
Manual of Mental Disorders, Fifth Edition (DSM-5),
made based on the “intensity of support needs”, differ-
entiating into 3 severity levels (Level 1, 2 and 3) and
considering impairments for social communication and
restricted/repetitive behavior [1]. Analysing the support
needed emphasises the impact of person-environment
interaction, which is relevant for people with ASD who
may be affected by the environmental context [13]. The
severity level based on the intensity of support needs
provides a picture of the ASD person’s functioning, tak-
ing into account variables such as behavioral problems
of cognitive and adaptive functioning, comorbidities
and variables related to the context and environment.
In fact, a worse transition outcome has a broader im-
pact and is not only experienced by the person with
ASD but also by their relatives who provide continuous
support from adolescence to adulthood. Several studies
show that caregivers of adults with ASD have more de-
pressive symptoms, worse health, and lower functional
capacity, leading to a negative impact on quality of life
[14]. Based on these considerations, a successful transi-
tion should also be based on how relatives perceive this
process and its outcomes.

There is a growing recognition of the need for exper-
tise and resources to provide accurate clinical assess-
ment appropriate for adulthood, as well as appropriate
intervention services for persons with ASD of all ages
from a developmental perspective [3]. Currently, in It-
aly, the National Institute of Health (Istituto Superiore
di Sanita, Italy) is working on national guidelines con-
cerning the diagnosis and treatment of adults with ASD
by existing legislation (national law on autism n. 134
of August 18, 2015, guidelines approved by the 2018
State-Regions Conference). Furthermore, guidelines
are also available in the international context, such as
in the USA, the UK and New Zealand, to improve ac-
cess and involvement in interventions and services for
persons with autism [15-18]. It is interesting to note
that the different guidelines share the evidence that the
transition care should start as early as adolescence and
continue beyond the day of leaving the pediatric ser-
vices and the involvement of all figures responsible for
the well-being of the person with ASD.

Based on these premises, the present study was con-
ducted as part of a larger multicentre project, namely
the Ev.A Project (from developmental age to adult-
hood) proposed by the Italian National Institute of
Health, commissioned and founded by the Ministry
of Health, within the implementing framework of the
national law on autism n. 134 of August 18+ 2015,
and officially joined by the regions of Piedmont, Valle
d’Aosta, Tuscany, Abruzzo, and the Autonomous Prov-
inces of Trento and Bolzano. The general purpose of the
Ev.A Project was the development and testing of a diag-
nostic, therapeutic, assistance and educational pathway
(PDTAE) for autism, from the age of development to
adulthood and the relative procedures and preparatory
actions for its implementation. In particular, the PD-
TAE addressed the efficient and effective planning and
management of the transition phase between adoles-
cence and adulthood in ASDs.

Specifically, the present study aimed to assess the
outcome by taking into account two levels of impact of
the caring protocol: 1) the impact on the perception of
the response obtained by the ASD person and 2) the
impact on the perception of the change in the family
context. Therefore, the study was conducted to assess
the possible impact of the activation of the service net-
work on young ASDs and the family context. For this
purpose, the participants were divided into two groups
based on the interventions activated during the trial,
and measures of adaptive functioning, need for sup-
port, psychiatric symptomatology, and family quality of
life were used for the outcome assessment.

METHODS
Participants and procedure

139 individuals with ASD and aged between 16
and 25 years participated in the study. The diagnosis
of ASD was formulated by experienced clinicians ac-
cording to the criteria of the DSM-5 [1], using the
Autism Diagnostic Observation Schedule, Second Edi-
tion (ADOS-2) [19] and the Childhood Autism Rat-
ing Scale, Second Edition — Standard Version (CARS
2-ST) [20] for ASD individuals with communication
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difficulties and intellectual disability. All participants
with ASD were classified as Level 1, Level 2, or Level 3
according to DSM-5 criteria. An exploratory, pre-post
treatment longitudinal study was conducted in which
participants underwent an initial clinical evaluation
(T0) and then after one year (T1). Over the year, the
participants undertook a therapeutic and intervention
pathway in collaboration with different services and in-
stitutions (health, social welfare, education, and train-
ing) involved in the clinical management of the patient
in the transition phase.

At the beginning of the project (T0), participants
underwent a cognitive assessment by Wechsler Adult
Intelligence Scale, Fourth Edition, Italian version
(WAIS-IV) [21, 22], and Leiter International Perfor-
mance Scale, Third Edition (Leiter-3) [23], based on
the ASD participants’ language abilities. The inclusion
criterion was the availability of pre (T0) and post (T1)
observations and several missing values in the pre- and
post-measurements not exceeding 10%. Thus, the final
sample consisted of 112 subjects with a mean age of
20.05 years (SD=2.71) of which 89 were male and 23
female (Table 1).

All participants or their legal tutors (parents or oth-
ers), when necessary, gave informed consent to partici-
pate in the study. The study was conducted according
to the Declaration of Helsinki and the rules of good
clinical practice and ethics in public mental health ser-
vices.

Therapeutic and intervention pathway
In the Ev.A Project, an individualised life plan was

developed for each person involved based on the diag-

nostic process and support needs.
The treatment and intervention pathways in the

PDTAE included:

e medical-psychiatric interventions: consultations and fol-
low-up visits to monitor any psychiatric comorbidities
and any pharmacological therapies;

e psychological-psychotherapeutic interventions: psycho-
educational counseling of family members, teachers,

Table 1
Mean scores of clinical and cognitive data of ASD (autism spec-
trum disorder) participants

Mean (SD)
Chronological age 20.05 (2.71)
Gender (F; M) 23:89
ADOS-2 MODULE 4
SA 12.22 (4.04)
RRB 2.06 (1.69)
Total 12.22 (4.04)
CARS 2-ST 33.39 (6.54)
Total IQ
Verbal IQ 83.78 (24.79)
Non verbal 1Q 7157 (27.77)

SA: social affect; RRB: repetitive and restricted behaviors; Total: total ADOS-2
score.

and other caregivers; supportive interviews (accep-
tance/awareness of the diagnosis), individual cog-
nitive-behavioral psychotherapies for the treatment
of anxiety and/or depressive symptoms, social skills
training groups; neuropsychological skills enhance-
ment;

® educational interventions: for persons with intellectual
disability, it concerns the cognitive enhancement and
promotion of personal and domestic autonomy, and
basic social skills through the use of structured edu-
cational strategies; for persons with good cognitive
functioning or mild intellectual disability, it concerns
the enhancement of emotional-social and communi-
cative pragmatic and self-regulation skills;

e social welfare and social inclusion interventions: coordi-
nated by the social worker, with the aim of provid-
ing the person with an experience of social inclusion,
within everyday social contexts and typical function-
ing peer groups, by accompaniment of the person by
a trained worker (e.g., “adult buddy”); in the school
setting, provide for the involvement of trained peers
(peer-mediated education);

o employment interventions: training courses aimed at oc-
cupational guidance, employability assessment, and
professionalization;

e parent-training and sibling programs: they aim to cre-
ate a space for emotional sharing, to make parents as
aware as possible of their adolescent or young adult
child’s difficulties and abilities. They provide informa-
tion on psycho-educational aspects and the imple-
mentation of intervention techniques. Siblings can
also present different forms of psychological distress,
so through group meetings with other siblings it is
possible to share experiences and emotions in a pro-
tective and pleasant context.

The Table 1S available as Supplementary Material
shows the percentages of activated interventions for the
total sample.

Outcome measures for ASD person
Adaptive functioning

The Adaptive Behaviour Assessment System-II
(ABAS-II) [24] and the Vineland Adaptive Behavior
Scale IT (VABS-II) [25] were used to assess the adap-
tive functioning of participants with ASD. Both mea-
sures are interviews with caregivers and assess the per-
son’s adaptive behavior, i.e., the activities habitually
performed to meet expectations of autonomy and so-
cial responsibility. The scales investigate 4 domains re-
spectively: communication/conceptual (expressive and
receptive language skills, school skills), daily life (self-
care, life at home, community) social (socializing, lei-
sure), and motor skills. Only three domains were used
in the study (communication/conceptual, daily life,
and social). Both measures provide a standard score
(M=100, SD=15) and a higher score indicates better
functioning. In the course of the trial, the participat-
ing regions used both measures. For the study, as the
measures assess the same construct (adaptive behavior)
and domains, providing a standard score of equal mag-
nitude, they were considered as a single index of adap-
tive functioning in the analysis.
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Support intensity scale

The Support Intensity Scale (SIS; Thompson et al.)
[26] is a semi-structured interview with caregivers use-
ful for assessing the support needs of persons with in-
tellectual disabilities in medical, behavioral, and living
activities. The scale consists of 49 items on life activity
support needs and is divided into six subscales: home
life activities, community life activities (e.g., going
shopping) learning activities, work activities (e.g., learn-
ing and using specific work skills), health and safety
activities (e.g., taking medication) and social activities
(e.g., socializing within the family).

The items are scored on a 5-point scale about fre-
quency (O=none or less than once a month; 1=month-
ly; 2=weekly; 3=daily; 4=hourly), daily support time
(0O=none; I=less than 30 minutes; 2=between 30 min-
utes and 2 hours; 3=between 2 and 4 hours; 4=4 hours
or more) and type of support (O=none; 1=monitoring;
2=verbal or gestural prompting; 3=partial physical assis-
tance; 4=full physical assistance). The subscale scores
are obtained by summing the ratings of frequency, daily
care time, and type of care and transformed to obtain
the standard scale scores. Finally, the standard scale
scores can be converted into a Support Needs Index. A
higher score indicates a greater need for support.

Psychiatric symptomatology

The Brief Psychiatric Rating Scale Version 4.0 (BPRS
4.0) [27, 28] is a semi-structured interview containing 24
items, translated into Italian by Morosini and Casacchia
[29] that assesses 24 psychiatric symptoms. The pres-
ence and severity of psychiatric symptoms are assessed
on a Likert scale with a range from 1 (no symptoms) to
7 (extremely severe symptoms). The final score ranges
from a minimum of 24 to a maximum of 168, with lower
scores indicating less psychopathological severity.

Outcome measure in family

Family quality of life was assessed through the admin-
istration of the Italian translation of the Family Quality
of Life Survey - 2006 (FQoLS) [30], named Strumento
d’Indagine della Qualita di vita della Famiglia (SIQF).
It is a questionnaire composed of 9 domains covering
specific areas of family life, such as health, economic
well-being, family relationships, support from others,
support from services, the influence of values, career,
time for oneself, fun, and integration in the community.
Each domain contains two sections: section A, which
contains questions that gather some general informa-
tion and provide context, and section B, which contains
questions on six key concepts: importance, opportunity,
initiative, achievement, stability, and satisfaction. The
items in section B are rated on a 5-point Likert-type
scale from 1 to 5, where 1 expresses “not at all” and 5
“very much”. The overall QoL scores are calculated by
weighting the satisfaction scores with the importance
scores [31]; thus, the maximum QoL score results from
the maximum importance value and the maximum sat-
isfaction value; the minimum score, on the other hand,
results from the maximum imbalance, i.e., the highest
importance value and the lowest satisfaction value in a
range between -10 and +10.

Statistical analysis

For the analysis and given the sample size, treatment
intensity was categorized using the maximum value of
the frequency distribution of activated treatments dur-
ing the study (i.e., at least 3 activated interventions). In
this way, two groups were formed: Group 1 (n=49; 40
males and 9 females) with 3 or more activated interven-
tions and Group 2 (n=63; 49 males and 14 females)
with less than 3 activated interventions.

Firstly, an exploratory univariate analysis (t-test
paired samples) was used to explore whether there were
any differences in performance on the measures consid-
ered between TO and T1 for the two groups.

Secondly, linear mixed models (SIS) were construct-
ed given the longitudinal nature of the experimental
design, taking into account confounding variables
(number or intensity of intervention and level of sever-
ity). For each model, the probability of introducing a
random slope along with the random intercept was ana-
lyzed to estimate the random effects; the fitting of the
model was assessed using the Wald Test. To assess the
impact of the caring protocol, we included the symp-
tom severity of the ASD participants in the analysis in
addition to the intensity of the intervention. Examin-
ing the influence of the level of severity on the basis
of the required support according to the DSM-5 has
implications for clinical and research practice in treat-
ment planning, activation of necessary services and the
prognosis of the ASD person. So, the models estimated
the explanatory/predictive behavior of the intensity of
the interventions on the outcome measures considered,
adjusted for the participant’s level of symptom sever-
ity (DSM-5). The effect of the interaction between the
intensity of the activated intervention and the level of
severity was also estimated (see Table 2S available on-
line as Supplementary Materials).

Analyses were conducted using STATA (version 17.0).

RESULIS
Differences in outcome measures between time points
About measures directed at the ASD person, t-test
paired samples revealed only a significant reduction in
SIS scores in Group 1 (t(48)=2.26, p=0.026). No sig-
nificant differences emerged in Group 2. Regarding the
family context, the results also show no significant dif-
ferences in the SIQF within the two groups. Results of
t-test paired samples are reported in Table 2.

Outcomes linear mixed models
Adaptive functioning

About the impact on the ASD person, the results ob-
tained from the LMMs show (x3.,=50.49, p<0.001) a
main effect of treatment intensity (f=-27.22, p<0.001)
and severity level on adaptive functioning, in particu-
lar, level 3 appears to have a significant influence (B=-
41.87, p<0.001).

The adjusted multivariate analysis supports the con-
clusion that belonging to the group with a lower inter-
vention intensity (<3), presents a worsening of adaptive
abilities compared to the group with a higher interven-
tion intensity; this change is also explained by the Level
of severity ranging from 2 to 3, compared to Level 1.

(O8]
ORIGINAL ARTICLES AND REVIEWS . . . 91



Marco Valenti, Monica Mazza, Giuseppe Maurizio Arduino et al.

Table 2

Mean scores and comparison between the two time points (TO and T1) of outcome measures in the two groups

Group 1, three or more interventions (n=49)

Mean (SD) Mean (SD) t
To T1
Adaptive index 64.79 (28.22)  68.60 (31.49) -1.82
Comunication skills 68.53 (24.63) 70.87 (25.67) -1.36
Daily life skills 71.09 (27.66) 72.74 (27.96) -0.992
Socialization skills 62.60 (21.98) 64.87 (23.6) -1.72
SIS 8721(1894)  83.69(19.16) 226
BPRS 4948 (15.65) 4721 (17.22) 1.81
SIQF 1.76 (2.66) 2.22(2.33) -1.14

Group 2, less than three interventions (n=63)

p Mean (SD) Mean (SD) t p
T0 T1
0.075 49.95 (23.93) 50.79 (25.86) -0.498 0.621
0.179 55.84 (23.69) 57 (24.44) -0.643 0.621
0372 67.51(22.02) 67.90 (22.72) -0.297 0.768
0.091 49.46 (22.86) 48.80 (24.14) 0.358 0.721
0.028 87.87 (15.19) 85.97 (15.42) 1.58 0.119
0.076 47.07 (16.86) 4492 (17.21) 147 0.147
0.260 1.69 (2.27) 1.76 (2.52) -0.310 0.758

Significant differences (p<0.05) are reported in bold. Group 1: group with more than 3 interventions activated; Group 2: group with less than 3 activated
interventions. SIS: Support Intensity Scale; BPRS: Brief Psychiatric Rating Scale; SIQF: Strumento d'Indagine della Qualita di vita della Famiglia (Family Quality of Life

Survey).

Analyzing the components of the adaptive index com-
munication/conceptual skills, practical/everyday life
skills, and social skills), the results show that belonging
to the group with lower intervention intensity signifi-
cantly predicts a worsening of communication/concep-
tual skills (f=-22.05, p=0.001), daily life skills (B=-
13.64, p=0.021) and social skills (B=-22.34, p=0.001)
compared to belonging to the group with higher inter-
vention intensity (see Table 3).

There is also a main effect of severity level, in particu-
lar, presenting a severity Level 3 significantly predicts
lower scores in communication/conceptual skills (=
-35.78, p<0.001), daily life skills (p=-46.94, p<0.001)
and social skills (f=-20.30, p=0.007) compared to se-
verity Levels 2 and 1. However, these changes do not
seem to be explained by the interaction between sever-
ity level and intervention intensity (Table 3).

Psychiatric symptomatology

The LMM results show a main effect of severity
level on the possible change in psychiatric symptom-
atology over the course of the trial. Specifically, the
results show that Level 3 influences the increase in
score on the BPRS compared to Level 1 symptomatol-
ogy (B=15.17, p=0.004). It would appear, on the other
hand, that membership in the intervention group does
not significantly influence the possible change in symp-
toms (B=0.569, p=0.907). The interaction between the
intervention group and the level of severity also did not
appear to be significant (Table 3).

Support index

A main effect of both intervention group member-
ship and severity Level 3 (f=32.611, p<0.000) on the
need for support is shown. Specifically, the results show
that belonging to the group with the lowest intervention
intensity (p=10.364, p=0.007) requires more support.
It would also appear that presenting a severity Level 2
(B=22.719, p<0.000) or 3 (B=32.611, p<0.000) influ-
ences the increase in the support index in comparison
to participants with Level 1. The results also show a sig-
nificant influence of the interaction between the inter-
vention group and severity level; participants with Level

2 and belonging to the group with lower intervention
intensity would show a decrease in the score on the SIS

scale (B=-15.51, p=0.003) (Table 3).

Outcome LMM in quality of life of family

The fitting of the model does not reach statistical
significance (x2.,=4.36; p=0.498) and the predictors
are not statistically significant (see Table 3). The model
does not provide evidence for a predictive role in the
perceived quality of the family about the intervention,
the level of severity as well as about any interaction be-
tween severity and the intervention administered.

DISCUSSION

Awareness of the importance of establishing path-
ways for clinical assessments and providing appropriate
intervention services for adults with ASD has increased
in recent years; however, the transition from childhood
to adulthood represents one of the main critical points
in the network of care services for people with ASD.

This study examines the impact of a large multicentre
project, namely the Ev.A Project, on the outcome of the
ASD person and family context. Specifically, the gen-
eral aim of the research program was to develop a pro-
tocol of evaluative and diagnostic instruments focused
on the general functioning of the ASD person in order
to estimate the impact of the activation of rehabilita-
tion services both on the individual and on the quality
of life of the family context.

During the project’s experimental phase, different in-
terventions for participants with ASD and their families
were planned and implemented in cooperation with ter-
ritorial institutions, such as health, social welfare, edu-
cation, and training services. Our analyses examined
the outcome of individual participants with ASD and
the family context, that were divided into two groups
based on the number of interventions activated. In ad-
dition, we estimated the explanatory/predictive behav-
ior of the intensity of the interventions on the measures
considered, adjusted for the participant’s level of symp-
tom severity, and estimated the effect of the interaction
between the intensity of the activated intervention and
the level of severity.
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Table 3

Outcome LMM (linear mixed model) in ASD (autism spectrum disorder) person and in quality of life of family

Adaptive index

B SE p B SE
Predictors
Intervention group -27.22 735 <0.001 -22.05 6.71
Severity level Reference
Level 2 -23.97 7.75 0.002 -1891 7.10
Level 3 -41.87 798  <0.001 -3578 7.31
Group
Intervention*severity level
Group 2 x Level 2 14.25 10.11 0.159 11.03 9.27
Group 2 x Level 3 18.20 11.14 0.102 14.51 10.23
Wald Chi? Test X2es= 50.49; p<0.001 X%es= 43.32; p<0.001
SIS BPRS
B SE p B SE
Predictors
Intervention group 10.36 3.84 0.007 .56 4.89
Severity level
Level 2 2271 4.05 <0.001 1527 5.09
Level 3 3261 417  <0.001 15.17 5.25
Group
Intervention*severity level
Group 2 x Level 2 -15.51 529 0.003 -7.12 6.59
Group 2 x Level 3 -8.92 582 0.126 3.00 7.27

Wald Chi? Test X3-s= 100.09; p<0.001

Comunication skills

Xs = 25.14; p<0.001

Daily skills Social skills

) B SE p B SE P

0.001 -13.64 592 0.021 -22.34 6.94 0.001

0.008 -2559 624 <0001 -11.06 7.32 0.131
<0.001 -4694 6.43 <0001 -20.30 7.54 0.007

0234 1354 815 0097 1090 955 0254
0156 1161 900 0197 1440 1054 0172
245 = 86.42; p<0.001 Yors= 19.42; p=0.001

SIQF
p B SE p

0.907  0.523 0.700 0455

0.003 857 0.738 0.245
0.004 1.20 0759  0.112

0280 -0788 0957 0410
0.679 1.866 1.05 0.076
Aes = 4.36; p=0.498

*Interaction between the intensity of the activated intervention and the level of severity; significant differences (p<0.05) are reported in bold.
SIS: Support Intensity Scale; BPRS: Brief Psychiatric Rating Scale; SIQF: Strumento d'Indagine della Qualita di vita della Famiglia (Family Quality of Life Survey).

Our results showed that both the activation of reha-
bilitation services and the level of severity predicted the
support the individual needs in daily life. In fact, the
activation of more interventions and, consequently, a
more comprehensive approach would seem to improve
the person’s autonomy. However, it must be considered
that the type and intensity of support the ASD person
needs varies according to the level of severity as de-
fined by the DSM-5 [1]. Furthermore, the interaction
between the intervention group and severity level was
found to be significantly predictive of the intensity of
the support needs, showing that ASD persons with se-
verity Level 2 who received fewer interventions would
have a lower need for support in daily life. Although
this result could be considered counterintuitive, it could
be traced back to the clinical characteristics of Level 2.
Compared to Level 1, which is generally attributed to
the so-called “high functioning”, and Level 3, which in-
cludes the most severe degree of autistic symptomatol-
ogy, ASD persons with Level 2 generally exhibit emerg-
ing abilities that need to be acquired, as well as greater
variability in clinical presentation. We believe that this
result can be interpreted as an incentive to intensify in-
tervention since the activation of some services already
shows a trend toward a perceived improvement in the
family’s need to support the person.

The level of severity and intensity of the intervention
also appears to influence the adaptive behavior of the
ASD person. As we expected, the group with fewer in-
terventions would present lower abilities in all domains
of adaptive behavior, i.e., in communication, daily life
and socialisation abilities. Moreover, people with Level
3 would show almost twice as much impairment as Lev-
el 2 in adaptive functioning, particularly if we take social
skills into account. Adaptive behavior is defined as the
extent to which a person is able to be self-sufficient in
real-life situations, including the functional use of com-
munication, socialisation, daily living and motor skills
[8, 25]. Our findings are in line with evidence in which
continuity of services and interventions appear to be
crucial in ASD persons, in whom regression of adaptive
abilities in the transition phase is not uncommon [8,
32]. The acquisition of adaptive skills in young adults
with autism is largely dependent on their inclusion in
intensive and routine rehabilitation programs and the
stabilisation of daily life routines [8]. This would be
of particular importance for ASD persons with Level
3 severity, in which according to DSM-5 criteria, they
present severe deficits in communication and social in-
teraction, as well as resistance to change and repetitive
behavior that significantly interferes with general func-
tioning. This may be especially true for social skills, as
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individuals with more severe early social deficits pres-
ent more severe current adaptive deficits [33, 34]. In
our sample, the most activated interventions, i.e., edu-
cational (70.5%) and social assistance and inclusion
(41.1% and 50.9% respectively) are precisely those that
aim to promote social skills, personal and domestic au-
tonomy and social inclusion. For the latter aspect, the
accompaniment of trained persons as a “buddy” for per-
sons with ASD in the experience of everyday contexts is
becoming increasingly helpful.

In the assessment of psychiatric symptomatology
evaluated by BPRS, in which scores are taken from di-
rect observation of the person, the results show that the
increase in psychiatric symptomatology is associated
with the severity of the level, independently of the in-
tensity of the intervention. Although psychiatric symp-
toms are common in young ASDs, at a significantly
higher rate than in non-autistic populations [5, 35], this
result confirms the importance of monitoring psychiat-
ric symptomatology even in lower-functioning ASDs, as
it would appear that both lower IQ and adaptive func-
tioning are risk factors in obtaining higher scores on
psychiatric scales [36].

Our analysis shows that psychological-psychothera-
peutic interventions account for 63.4% and psychiat-
ric and pharmacological interventions for 61.6% and
15.2% respectively. Pharmacological and psychiatric
interventions seem to be more frequent in Level 2 and
3 participants and less so in Level 1 (7.9%), while psy-
chological-psychotherapeutic interventions are, as one
would expect, more frequent for Level 1 and 2 people
(84.2% and 66.6% respectively) and less so for Level
3 (31.03%). We also analysed the perceived quality of
life in the family context. Our results show that there
are no perceived changes in this dimension, and it does
not seem to be influenced either by the intensity of the
support from the intervention or by the level of severity
presented by the ASD person.

During the trial, parent-training programs were acti-
vated for 53.6%, while programs including siblings were
activated for only 9.8%. Parents in our sample perceive
the quality of life as problematic (Table 2) [37]. This
result is in line with existing literature, showing that
families often perceive an imbalance between the de-
gree of importance and satisfaction in specific areas of
family life, such as health, economic well-being, family
relationships, support received from the social context
and services, as well as personal values, career, time for
oneself and community and leisure activities [14, 38].
Parents are usually directly responsible for the ASD
person and experience negative transition outcomes,
face ongoing challenges that may affect their family
life and require support to achieve a better quality of
life [14, 38]. Many families require transition planning
to adulthood with increased support for social skills,
life skills training and employment support. Currently,
the literature regarding the transition phase of ASD
persons is scarce, but it points out that a greater un-
derstanding of risk and protective factors at the level
of families is needed to develop and plan a functional
transition [14]. Although we are aware that 12 months
is a short timeframe in which to perceive changes in an

intervention, quality of life assessment in clinical prac-
tice would also make it possible to identify needs, plan
interventions and mobilise resources in the most useful
way to increase satisfaction in the most important areas
of people’s lives.

To date, few evidence-based services exist to support
people with ASD in the transition phase and the litera-
ture on this is developing slowly [18, 39]. Despite this,
intervention programs for people with ASD in transi-
tion age that focus on adaptive skills, social skills, and
self-determination, as well as programs that specifically
target work and university employment are also pro-
posed in the international landscape [18, 39, 40]. To
our knowledge, the Ev.A Project represents one of the
first studies in assessing the impact of care protocol on
people with ASD and caregivers in the transition phase
including all levels of severity of the condition. Further-
more, our results seem to support and be in line with
the international scenario. In fact, many of the available
documents (UK, USA, Australia) recommend planning
and coordination of the transition at least from the end
of adolescence (12-14 years), that each young ASD
has a “named worker”, involvement of family members,
sharing of information with the general practitioner,
creation of a ‘transition team’ involving children and
adult services [18].

In conclusion, our results suggest that one of the
most significant predictors of the impact on the ASD
person is the activation of the service network, which
must take into account the level of severity of the pre-
sented symptoms and support the idea that interven-
tion planning should be based on evidence. However,
the study is not without limitations. Except for the
BPRS, the outcome measures used for the assessment
of adaptive behavior (ABAS-II and VABS-II) and the
need for support (SIS) represent indirect measures of
the ASD person, as they represent information report-
ed by the parents.

With regard to our sample, there is a predominance
of the male gender, however, this is characteristic of
the clinical condition [8]. In addition, the participants
came to the care services consecutively, so it was not
possible to carry out a gender balance. The PDTAEs
were activated by the territorial structures and services
of each region that participated in the Ev.A Project
through organisational practices already in use (e.g.,
the transition to the Multidisciplinary Disability Assess-
ment Unit). Consequently, each participant is subject
to more than one intervention within the PDTAE. So,
no analysis was conducted to assess the effect of the
type of intervention proposed to the participants, as the
effect (improvement or worsening) could be associated
with one intervention rather than another.

Future studies should take these aspects into ac-
count controlling for the variables just mentioned. This
would make it possible to analyse possible gender dif-
ferences and the effectiveness of the type of interven-
tion on the outcome of the ASD person. A strength of
the present project is that it included all three levels
of severity, considering that many existing studies do
not include persons with intellectual disabilities. We
believe that our results provide an important contribu-
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tion to the scenario of the care and management of
people with ASD, highlighting how the activation of
the network of territorial services represents the main
predictor in the improvement of the symptomatology
and functional abilities of the ASD person. Communi-
cation between child and adult services is in fact one of
the main components in the planning and coordination
of the transition phase, but it does not disregard direct
work with people with ASD, carers, and their support
network.
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The European Commission constantly monitors the
status of gender equality in research and scientific in-
novation. In the recent report She Figures 2021, it has
been once again pointed out that, notwithstanding a
positive trend, women continue to be underrepre-
sented in all areas of research, compared to their male
counterparts. The data clearly indicate that although
on the undergraduate and master’s degree level female
students outnumber their male colleagues, a gender
balance is achieved at the doctoral level. Nevertheless,
women are less represented in the population of em-
ployed scientists and engineers at the European level
(41.3 percent). These data clearly highlight how, de-
spite the adoption of a new European strategy target-
ing gender equality, more efforts are needed to increase
women’s participation in scientific careers. It is worth
noting that education and gender equality are also an
integral part of the 2030 Agenda for Sustainable De-
velopment adopted by the United Nations General As-
sembly in 2015, as distinct Sustainable Development
Goals (SDGs) but also as catalysts for the achievement
of all others. This agenda considers it crucial to un-
derstand and reduce the specific obstacles that keep
young women away from science subjects, promoting
their careers.

Among the many reasons that have been introduced
to explain the gender inequalities in science, in gen-
eral, and in STEMM (Science, Technology, Engineer-
ing, Mathematics and Medicine) in particular, is the
notion that women and men do not play according to
the same rules: women are judged more harshly than
their peers because of an implicit bias, an unconscious
conditioning that, even keeping all other things equal,
leads us to view a female person as less capable of fac-
tually pursuing a scientific career or holding leadership
roles than a male colleague, a bias that leads women
to work harder to achieve the same results or held the
same positions as their male colleagues.

This implicit bias is the “double standard” described
by sociologist Camilla Gaiaschi in her interesting essay
entitled precisely Double Standard, Women and Scien-
tific Careers in Contemporary Italy (Published by Caroc-
ci). The book stems from an academic interest in the
reasons that lay behind the different career trajectories
that characterize women and men who start a scientific
career, using both quantitative and qualitative observa-
tions. The original and particularly interesting aspect
of this assay is that, unlike most available texts, which
report aggregate data at the European level, it focuses
on the Italian situation, illustrating its peculiarities in
terms of scientific careers and work-life balance, broad-
ening the focus also to the analysis of careers in medi-
cine. Through her analytical lens, the author not only
confirms the dual track, a premise of the entire work,
but also points out the “paradoxes” of gender differenc-
es, that is, “unexpected or accidental spaces” in which
some distortions are smoothed out, giving reason for
the complexity of cultural and structural constraints
that hold back women’s race for success.

While the premise of the book is an analysis of the
“double standard of evaluation” in scientific careers, as
we get deeper into the work, which is very dense with
data and citations from numerous sources, it becomes
clear that the evaluation “bias” alone is not sufficient
to explain why women still struggle to build careers in
science and medicine. Through careful analysis, the
author highlights the complexity of variables involved
in changing career trajectories. The multiplicity of
“reasons for inequalities” takes the synthetic form of
a multilevel map that is nothing but a metaphor for
the web that harnesses every woman every day, made
up of individual and contextual elements that, like
quicksand, limit the potential for achievement at work
and in life in general. One example: accumulated work
experience represents a measure of a person’s human
capital. Because women have, on average, more family
responsibilities, they more frequently choose to work
part-time than men, especially in those situations or
countries where there is little employment in general.
This difference in the accumulation of hours worked
has important negative effects on women'’s professional
growth, as well as on their pay.

The paradox described by the author here is that
countries with generous work-life balance policies and
high female employment are also those with high pay
gaps and high horizontal gender segregation. Italy,
although among the less advanced countries in Eu-
rope in terms of female employment, is paradoxically
among the countries with the smallest pay gaps. As
the author well describes, the trade-off between seg-
regation and women’s employment is by no means a
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foregone conclusion since when you gain in women’s
employment, you can go backwards in terms of gender
equality.

A further employment paradox is that the lack of life-
work balance policies means that a country like Italy
has more ordinary female professors than Germany
and Belgium as a result of female self-selection in high-
skilled professions. This effect can also be explained
considering the peculiar Italian situation of the last
decade, characterized by a high male outflow from the
academy due to the retirements of professors, which
has accelerated women'’s access to top academic posi-
tions, accidentally oiling career mechanisms that are
often slow, unpredictable and discontinuous.

Interesting and original is the author’s inclusion of
the analysis of careers in the medical field where we
see another paradox, namely that in this discipline the
glass ceiling has some cracks, if, however, one manages
to get to the intermediate career levels.

If some women are just as likely as their male col-
leagues to make it to the top, the explanation lies in
the fact that here, too, they have gone through a self-
selection, for example, by limiting the number of chil-
dren or organizing family life through a dense network
of support. The goal has no zero costs and, in any case,
would seem to concern a small number of women.

It is a truth, however, that notwithstanding some
positive data, women behaviors often hold back their
careers. Amongst the many examples brought by the
author, it is useful to highlight here the phenomenon of
lack of self-promotion: women often ask less frequently
than men for career advancement or raises. This be-
havior can be explained by an underestimation of one’s
own abilities but also by the realization that if women
in a certain company struggle to advance their careers,

one will be less likely to go knocking on the door of the
manager(s) to ask for career advancement.

In the face of this evidence showing the existence of
gender bias in academia and the workplace what can
be the solutions? The answers are in the folds of the
pages throughout the chapters of the book. Interest-
ingly, it is mentioned that, as far as boards of directors
are concerned, our country has made a great leap for-
ward thanks to the Golfo-Mosca law, passed in 2011,
by which gender quotas were introduced on boards of
directors and boards of statutory auditors of listed com-
panies. This is undoubtedly an important positive action
that must, however, be accompanied by many others.
Among these, building networks that support women’s
scientific careers to identify their talents and make
them competitive, for example, when they want to ac-
cess funding that requires an extended research team.
In fact, the author reports that, while at the individual
level (see Marie Sklodowska Curie and ERC research
grants), women are competitive on par with their male
colleagues, they have a harder time accessing funding
where large research partnerships need to be created.

Gender equality is a society-wide issue. If we are to
address the many urgent global challenges, we need all
the talents at play, and women in this regard are an im-
portant assett. The road ahead to break the glass ceiling
is still long and bumpy. Recognizing the barriers that
separate us from that goal, means climbing one more
rung of the ladder that can get us to break that ceiling,
which is what Camilla Gaiaschi’s book achieves.

Francesca Cirulli
Istituto Superiore di Sanita, Rome, Italy

francesca.cirulli@iss. it
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FOOD AND AGRICULTURE ORGANIZATION
OF THE UNITED NATIONS (FAO)

The state of food security and nutrition in the
world 2023. Urbanization, agrifood systems trans-
formation and healthy diets across the rural-urban
continuum. Rome: Food and Agriculture Organization
of the United Nations 2023; 316 p. ISBN 978-92-5-
137226-5. This report provides an update on global pro-
gress towards the targets of ending hunger (SDG Target
2.1) and all forms of malnutrition (SDG Target 2.2) and
estimates on the number of people who are unable to
afford a healthy diet. Since its 2017 edition, this report
has repeatedly highlighted that the intensification and
interaction of conflict, climate extremes and economic
slowdowns and downturns, combined with highly un-
affordable nutritious foods and growing inequality, are
pushing us off track to meet the SDG 2 targets. How-
ever, other important megatrends must also be factored
into the analysis to fully understand the challenges and
opportunities for meeting the SDG 2 targets. One such
megatrend, and the focus of this year's report, is urbani-
zation. New evidence shows that food purchases in some
countries are no longer high only among urban house-
holds but also among rural households. Consumption of
highly processed foods is also increasing in peri-urban
and rural areas of some countries. These changes are af-
fecting people’s food security and nutrition in ways that
differ depending on where they live across the rural-ur-
ban continuum. The report provides recommendations
on the policies, investments and actions needed to ad-
dress the challenges of agrifood systems transformation
under urbanization and to enable opportunities for en-
suring access to affordable healthy diets for everyone.

Food Outlook - Biannual report on global food
markets. June 2023. Rome: Food and Agriculture
Organization of the United Nations 2023; 160 p. ISBN
978-92-5-137230-2. Issued twice a year, the June issue
of the Food Outlook offers market summaries of FAO'’s
reviews of market supply and demand trends for the
world’s major foodstuffs, namely cereals, oil crops, sugar,
meat, dairy and fish. It also looks at trends in food im-
port bills, Ocean freight rates, international food prices
and futures markets. The Markets and Trade Division of
FAQ, as part of the Global Information and Early Warn-
ing System (GIEWS), produces and publishes the Food
Outlook to enhance transparency in global food markets.

The impact of disasters on agriculture and food
security 2023 - Avoiding and reducing losses
through investment in resilience. Rome: Food and

Agriculture Organization of the United Nations 2023;
168 p. ISBN 978-92-5-138194-6. This FAO flagship
report provides a timely and comprehensive overview
of how disasters are affecting agriculture and food se-
curity around the world. Built on previous work of the
FAO on this topic, the report estimates losses caused
by disasters on agricultural production over the past
three decades and delves into the diverse threats and
impacts affecting the crops, livestock, forestry, and
fisheries and aquaculture subsectors. It analyses the
complex interplay of underlying risks, such as climate
change, pandemics, epidemics and armed conflicts,
and how they drive disaster risk in agriculture and agri-
food systems at large. This report provides also exam-
ples of actions and strategies for investing in resilience
and proactively addressing risks in agriculture. It dem-
onstrates ways to mainstream disaster risk into agri-
cultural practices and policies and calls for a deeper
understanding of the context in which these solutions
are implemented.

INTERNATIONAL SCIENCE COUNCIL (ISC)

Flipping the science model: a roadmap to science
missions for sustainability. Paris: International Sci-
ence Council 2023; 16 p. Both natural and social sci-
ences have made significant contributions to the under-
standing of the challenges and issues affecting our soci-
eties and planet. Notwithstanding that, it is now clear
that new approaches are urgently needed if science is to
be effectively used to make rapid progress. Following
the release of the report Unleashing Science, coordi-
nated by the ISC, the Council established the Global
Commission on Science Missions for Sustainability in
2021 to explore how these recommendations might
be condensed to practice. This report summarizes the
conclusions reached after extensive consultation with
experts, detailed in the accompanying report “A model
for implementing mission science for sustainability”. As
part of the proposed shift in how to tackle the 2030
Agenda and its SDGs with greater expediency, the ISC
Global Commission is calling for science in support of
progress towards the SDGs to be undertaken and sup-
ported differently. By better integrating science with
other perspectives, it is possible to achieve what the
2030 Agenda set out to do: creating the conditions for
a fairer and more sustainable world, while living within
planetary boundaries. According to the report, it will
be required to supplement and rebalance the current
scientific model, by incentivizing collaboration and out-
comes between scientists, and of scientists, with other
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stakeholders, especially civil society, on large-scale sus-
tainability challenges. Furthermore, the current model
should shift from intense competition and fragmented
science, both in terms of disciplines and funding, to
building collaborative science communities.

A model for implementing mission science for
sustainability. Paris: International Science Council
2023; 36 p. This report offers a model proposed by the
Technical Advisory Group (TAG), established to assist
with the ISC Global Commission on Science Missions
for Sustainability's work. The strategy proposed by the
TAG flips the more traditional science model, allowing
the agenda and priorities to be determined by regional
communities and stakeholder needs, and engaging sci-
ence in service to society in which science communities
collaboratively design, produce, integrate, implement
and evaluate potential pathways to achieve sustain-
ability outcomes. It also aims to break down silos and
radically increase regional capacity to understand and
address nexus issues. To achieve the above-mentioned
goals, the TAG proposes the establishment of a globally
funded and empowered network of regional Sustainabil-
ity Hubs. Each Hub will serve as a boundary-spanning
platform for mobilization, coordination and alignment
of diverse relevant actors and existing initiatives to ad-
dress regionally identified complex nexus sustainability
challenges.

UNITED NATIONS ENVIRONMENTAL
PROGRAMME (UNEP)

One Health Joint Action Plan of Action (2022-
2026): working together for the health of hu-
mans, animals, plants and the environment.
Geneva: Food and Agriculture Organization of the
United Nations, United Nations Environment Pro-
gramme, World Organisation for Animal Health and
the World Health Organization 2022; 86 p. The One
Health Joint Plan of Action (2022-2026) (OH JPA)
has been developed by the Food and Agriculture Or-
ganization of the United Nations (FAO), the United
Nations Environment Programme (UNEP), the World
Organisation for Animal Health (WOAH, founded as
OIE), and the World Health Organization (WHO) to
respond to international requests to prevent future
pandemics and to promote health sustainably through
the One Health approach. The scope of the OH JPA is
guided by the imperative for an inclusive One Health
approach to addressing the health threats of humans,
animals and plants in an integrated manner, while
promoting environment and biodiversity protection
and acknowledging the broader systems benefits of
cross-sectoral collaboration to achieve collective out-
comes. Specifically, the OH JPA addresses the risks
and consequences of emerging zoonotic diseases with
epidemic and pandemic potential, endemic infectious
diseases of zoonotic and vector-borne origin, food and
water safety hazards, antimicrobial resistance (AMR)
and the health of the environment.

Strategic framework for collaboration on anti-
microbial resistance - together for One Health.
Geneva: World Health Organization, Food and Agri-
culture Organization of the United Nations and World
Organization for Animal Health 2022; 22 p. This Stra-
tegic Framework presents the background and context
for the collaboration between the Food and Agriculture
Organization of the United Nations (FAO), the World
Organisation for Animal Health (OIE) and the World
Health Organization (WHO) (“the Tripartite”) with the
United Nations Environment Programme (UNEP) on
antimicrobial resistance (AMR), describes the compar-
ative advantage and catalytic role of the four organiza-
tions in the One Health response to AMR in support
of efforts by their Members, civil society, the private
sector and other stakeholders, and proposes a theory of
change including the goals, objectives, desired impact
at country level, intermediate outcomes and related Tri-
partite and UNEP functions.

EUROPEAN FOOD SAFETY AUTHORITY
(EFSA)

EFSA (European Food Safety Authority), Gkrintzali
G, Georgiev G, Garcia Matas R, Maggiore A, Merten
C, Rortais A, Giarnecchia R, Robinson T and Bottex
B. Technical report on EFSA’s activities on emerg-
ing risks in 2021. EFSA supporting publication 2023;
20(9): EN-8233, 41 pp. The current technical report
summarises the activities of all groups involved in the
emerging risk identification (ERI) procedure and the
issues identified by EFSA in the course of 2021. It also
describes the methodologies being developed and the
collaborative activities. In total, 18 potential emerging
issues were discussed in 2021 and eight were concluded
to be emerging risks. The potential issues were classi-
fied according to the hazard and/or driver identified. In
more than half of the issues discussed in 2021, a change
in consumer trends was identified as a driver. A better
understanding of these trends is particularly relevant for
EFSA to improve preparedness.

EFSA (European Food Safety Authority). Targeted
risk assessment for maximum residue levels for
nicotine in spices. EFSA Journal 2023;21(10):1-12.
EFSA received a mandate from the European Commis-
sion to perform a targeted risk assessment of maximum
residue levels (MRLs) for nicotine in spices. EFSA
performed the acute (short-term) and chronic (long-
term) dietary risk assessment considering the nicotine
exposure via residues in spices at the level equal to the
temporary maximum residue level (tMRL) of 0.3 mg/
kg as proposed by the European Commission based on
the new monitoring data provided. Based on the risk
assessment results, EFSA concluded that the tMRL for
the group of spices of 0.3 mg/kg is unlikely to pose a risk
to consumer health.



WORLD HEALTH ORGANIZATION (WHO)

WHO Guidelines for malaria. 16 October 2023.
Geneva: World Health Organization 2023; 451 p. This
WHO Guidelines for malaria supersedes two previous
WHO publications: the Guidelines for the treatment
of malaria, third edition and the Guidelines for malaria
vector control. Recommendations on malaria will con-
tinue to be reviewed and, where appropriate, updated
based on the latest available evidence. With each up-
date, a new PDF version of the consolidated guidelines
will be available for download on the WHO website.

Safety evaluation of certain food additives: pre-
pared by the ninety-fifth meeting of the Joint FAO/
WHO Expert Committee on Food Additives (JEC-
FA). Geneva: World Health Organization and Food and
Agriculture Organization of the United Nations 2023
(WHO Food Additives Series, No. 86); 192 p. ISBN
(WHO) 978-92-4-006843-8 (electronic version) ISBN
(WHO) 978-92-4-006844-5 (print version) ISBN (FAO)
978-92-5-137758-1. The monographs contained in this
volume were prepared at the Ninety-fifth meeting of the
Joint Food and Agriculture Organization of the United
Nations (FAO)/World Health Organization (WHO) Ex-
pert Committee on Food Additives (JECFA), which met
virtually on 6-17 and 22 June 2022. These monographs
summarize the data on specific food additives reviewed
by the Committee and are based on evaluations of origi-
nal studies and the dossiers provided by the sponsor(s) of
the compound, of the relevant published scientific litera-
ture and of data submitted by Codex members.

WHO operational handbook on tuberculosis.
Module 1: prevention - infection prevention and
control. Geneva: World Health Organization 2023;
116 p. ISBN 978-92-4-007815-4 (electronic version)
ISBN 978-92-4-007816-1 (print version). The WHO
operational handbook on tuberculosis. Module 1: pre-
vention — infection prevention and control provides
practical advice on how to implement the WHO rec-
ommendations on tuberculosis (TB) infection preven-
tion and control, within the clinical and programmatic
management of TB, using a public health approach. It
is part of a modular series of practical guides meant for
the implementers of various aspects of the program-
matic management TB. The handbook emphasizes the
importance of building integrated, well-coordinated,
multisectoral actions across all levels of health care and
other settings where there is a high risk of tuberculo-
sis transmission. It shares best practices and experi-
ences and provides checklists and job aids to support
the implementation and monitoring of actions to cut
transmissions, and promotes an implementation hierar-
chy of interventions across all settings as an integrated
package. The target audience for the handbook in-
cludes policy-makers at national and subnational level;
programme managers for TB, HIV and noncommuni-
cable disease programmes; managers and clinicians at
inpatient and outpatient health care facilities; managers
at various congregate settings; occupational health of-
ficials; engineers; medical practitioners; frontline health
care workers; and other key stakeholders in the public
and private sectors.
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