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Classification of the ibuprofen active
pharmaceutical ingredients by chemical
patterns combining HPLC, '"H-NMR
spectroscopy and chemometrics:
traceability of legal medicines

Mariangela Raimondo!, Anna Borioni!, Monica Bartolomei', Antonina Mosca:
and Gianluca Gostoliz

1Centro Nazionale per il Controllo e la Valutazione dei Farmaci, Istituto Superiore di Sanita, Rome, Italy
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Abstract
Introduction. Ibuprofen is one of the widespread used non-steroidal anti-inflammatory
drugs. Ibuprofen active ingredient is manufactured in many sites located all around the

Key words
e active pharmaceutical
ingredient (API)

world. The aim of this paper was to classify the geographical source of ibuprofen active | © ibuprofen
pharmaceutical ingredients (APIs) from the legal market, based on chemical characteris- | ¢ HPLC

tics and its impurity pattern and to define a geographical fingerprint. e 'H-NMR
Methods. To classify ibuprofen in different geographical groups, the chemometrics by | ® chemometrics

principal component analysis (PCA) and Cluster analysis was applied to HPLC, 'H-
NMR data of twenty-four samples of APIs from approved manufacturers located in dif-
ferent European and Asian countries.

Results. The PCA showed clearly two different geographical groups, based on particular
patterns of European or Indian samples; the cluster analysis showed the similarity of
group.

Conclusion. The chemometric analysis is an important tool for tracking the geographical ori-
gin of APIs. This could be useful to supplement the quality control ensuring safety of the me-
dicinal products in legal market and dealing with the evolving changes of the illegal market.

INTRODUCTION

Traceability of medicinal products is meant as the full
knowledge of the medicine route from manufacturing
of the active pharmaceutical ingredients (APIs) and ex-
cipients to commercial distribution.

APIs from the legal chain have similar high-quality
standards as they are manufactured through validated
processes in authorized facilities according to the strin-
gent good manufacturing procedures (GMP) rules and
are released in line with regulatory approved specifica-
tions [1, 2]. Accordingly, it is more challenging to dis-
criminate the geographical origin of legal active ingre-
dients which are a quite homogeneous “clean” whole.
Even though medicinal products containing regular
APIs should not represent a critical safety issue, aware-
ness of the sources helps in the risk-based evaluation
for regulatory inspections of manufacturing facilities
and in promoting fast effective action in case of unfore-

seen adverse events. Examples of undue events in the
legal chain of APIs are the worldwide case of heparin
adulterated by oversulfated chondroitin sulfate (OSCS)
[3-5]; Valsartan containing impurities as N-nitrosodi-
methylamines (NDMA) and N-nitrosodiethylamines
(NDEA) and, lately, Ranitidin and Metformin also con-
taminated by NDMA [6-9].

It is acknowledged that the origin of active substances
can be traced by comprehensive analysis of their physi-
cal and chemical properties and their impurity pattern.

The possible analytical approaches for impurity and
chemical profiling and characterization of APIs are
based on chromatographic and spectroscopic methods
(NMR, NIR, IR), or on the isotopic nucleus ratio by
IRMS (isotope ratio mass spectrometry) [10-15]. All
these approaches proved effective in locating the origin
of APIs, even though APIs are usually manufactured
from reagents and starting materials that are sourced

Address for correspondence: Mariangela Raimondo, Centro Nazionale per il Controllo e la Valutazione dei Farmaci, Istituto Superiore di Sanita, Viale

Regina Elena 299, 00161 Rome, Italy. E-mail: mariangela.raimondo@iss.it.
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from different locations. In any case, advanced analyti-
cal techniques produce a huge amount of information
that are difficult to evaluate for relevance if considered
separately without a chemometric approach. Che-
mometrics consists in the application of multivariate
analysis to handle chemical or process information as
a whole, thus highlighting concealed patterns and rela-
tionships in the collected data [16-19].

The output of chemometrics can be used as a predic-
tive tool of the properties of the investigated samples
or for descriptive purposes to evidence hidden connec-
tions and similarities in a group of samples. Results are
applicable to research, quality control, manufacturing
in the pharmaceutical industry and to fighting falsifi-
cation. Since 2016 the European Pharmacopeia (Ph.
Eur. 9.5 Ed.) has dedicated a general text to the che-
mometric methods applied to analytical data outlining
the importance of chemometrics in the processing of
data sets to obtain maximal chemical information on
the investigated samples (Ph. Eur. 5.21 Chemometric
methods applied to analytical data).

Ibuprofen is the most widespread non-steroidal
anti-inflammatory drug (NSAID). It had a calculated
turnover of 169.7 million (euros) with reference to the
Italian market for the year 2018 and it represented the
second active ingredient for the expense of self-medica-
tion in Italy among self-medication drugs [20]. Ibupro-
fen, as an active substance, is sourced from suppliers
located all over the world. On the illegal side, it is well
known that ibuprofen popularity triggers counterfeiting
which implies unknown location of the manufacturing
site. Therefore, traceability of ibuprofen manufactur-
ing location increases knowledge of the quality and the
safety of this medicinal substance with a high impact on
public health in the general population.

The analysed ibuprofen samples were all compliant
to the Ph. Eur. Monograph ibuprofen and were within
the validity period. Chemometrics, by principal com-
ponent analysis (PCA) method with multivariate data
compression and cluster analysis, were applied to the
HPLC and 'H-NMR data sets. The outcomes demon-
strated that it was possible to classify such a homoge-
neous group of samples according to their geographi-
cal source based on chromatographic and spectroscopy
profiles.

This study reports the results of a chemometric
analysis on twenty-four ibuprofen APIs from legally
approved manufacturers located in different countries.
The evaluation was carried on with the purpose of de-
fining the specific chemical characteristics of ibuprofen
manufacturing among several countries and tracing the
APIs origin.

MATERIALS AND METHODS
Collection of samples

Twenty-four different batches of ibuprofen active
substance were collected during the Italian post-mar-
keting surveillance program. The APIs were produced
by seven different manufactures, placed in different
European and Asian countries. All the samples were
compliant to the specific monograph of the European
Pharmacopoeia and were within the validity period.

Analytical metbods

Two analytical methods were performed for the analy-
sis of ibuprofen samples: HPLC and 'H-NMR. In this
phase the variability of the methods was not explored.

HPLC

A Waters Alliance HPLC 2695 (Waters Corporation,
Millford, MA, USA) separation module equipped with
an UV-DAD Waters 2996 was used. The analytical pro-
cedure was based on the method reported in Ph. Eur.
9.5 monograph of ibuprofen (0721).

The column used was a Symmetry C18-endcapped
(150x4.6 mm - 5 pm particle size), whereas, the gradient
elution is showed in Table 1: the Phase A was composed
by water-acetonitrile-phosphoric acid (600:400:0.5,
v/v/v), and the Phase B by acetonitrile.

The other parameters settings were: 2 ml/min for flow
rate, 30 °C for column temperature, 20 pl for Injection
volume, 20 mg/ml in mobile phase A for sample con-
centration, and 214 nm for detection (Wavelength pre-
scribed in the Ph. Eur. Monograph).

It was investigated if additional peaks were present at
different wavelengths than those ones indicated by the
Ph. Eur. Monograph. The chromatograms were evalu-
ated at wavelengths between 210 and 400 nm, but no
further peaks were detected and the intensity of known
secondary peaks was not higher than that measured at
214 nm. Therefore, the considered wavelength was con-
firmed at 214 nm. The run time was set at 70 minutes.

tH-NMR

A Bruker Avance NMR spectrometer (Bruker Bio-
Spin Gmbh, Billerica, Massachusetts, USA) operat-
ing at a frequency of 400 MHz for protons (9.4 Tesla),
equipped with a 5 mm BBI Z-GRD- 'H-3C probe head
was used for recording the experiments.

For each experiment, 10 mg of ibuprofen were dis-
solved in 0.7 ml of DMSO-d6 99.80% and TMS and
the solution was stirred for two minutes to complete
dissolution. 'TH-NMR 1D experiments were run at tem-
perature of 298.0 K, 32 scans were acquired with a de-
lay time of 20 s, pulse was set at 90°, spectral window
was 20 ppm.

Chemometric analysis
Dataset description and pre-processing

HPLC - For the qualitative and quantitative analy-
sis, the chromatograms obtained at wavelength of 214
nm were considered and processed using Empower
software version 3 (Waters Corporation, Millford, MA,
USA).

Table 1
Gradient elution of HPLC
Time (minutes) Phase A Phase B
(per cent V/V) (per cent V/V)
0-25 100 0
25-55 100-15 0-85
55-70 15 85

V/V: volume/volume; HPLC: high performance liquid chromatography.
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Only peaks not detected in the blank run were con-
sidered in the analysis, and the disregard limit was set
to 90 ppm based on S/N ratio >10 for each sample.
Quantity (area under the peak in %) of each peak, iden-
tified by the retention times (RTs), was obtained by
normalising relevant area to the area of ibuprofen peak
(RT of 13.96 min). The RTs of ibuprofen and Ph. Eur.
impurities peaks were well-known; further/other peaks
were taken into account only if they fulfilled the afore-
mentioned requirements. The area % of each peak was
evaluated by Empower software.

NMR - 'H-NMR data were processed by TopSpin 3.4
software (Bruker BioSpin Gmbh, Billerica, Massachu-
setts, USA), applying 0.3 Hz line broadening and cali-
bration to the TMS signal at 0 ppm. Spectra were over-
lapped and only signals with S/N ratio > 3 not belonging
to ibuprofen structure were considered for qualitative
data evaluation.

Two datasets were analysed: quantitative measure-
ments represented by the area percent of the HPLC
peaks, and qualitative measurements reported as pres-
ence or absence of signals at specific chemical shifts
for TH-NMR. The presence of signals was indicated by
number 1, and the absence by number 0. The samples
were divided a priori in two classes by geographical
area of manufacturing, according to the information
reported in the certificates of analysis of the samples.
The classification was class 1 for European countries
and class 2 for Asian countries. Six signals for HPLC
chromatograms and 16 signals of NMR spectra were
selected. In total, twenty-two measurements were ob-
tained in the overall dataset (Table 2).

Table 2
Characteristics of measurements analysed for ibuprofen sam-
ples

Analytical Measurements

methods

HPLC RT 3.51
RT5.2
RT 8.7
RT 132
RT48.13
RT 66.41

Signals for datasets

Area of signal (%)

Presence/Absence
of signal

H-NMR 7.93 ppm
7.91 ppm
744 ppm
742 ppm
7.13 ppm
2.19 ppm

1.90 ppm

HPLC: high performance liquid chromatography; 'H-NMR: proton-nuclear
magnetic resonance;

RT: retention time; ppm, parts per million; area of signal, area under
chromatographic peak (%).

At first, the data of each analytical method were eval-
uated separately; subsequently, the effect of overall data
(HPLC plus 'H-NMR) was estimated. HPLC data
were pre-treated with scaling method to analyse the
HPLC and NMR measurements in a unified database.

Chemometric methods

Two unsupervised methods were applied: principal
component analysis (PCA) and cluster analysis. The
PCA reduced the number of measurements in the
principal components (PCs), which represented high-
est variability of datasets and classified the ibuprofen
APIs between the two classes of different geographi-
cal manufacturing area. The cluster analysis was carried
out to evaluate similarities among samples by Euclidian
distance to indicate the presence or absence of natural
groupings between analysed samples.

Software

Data pre-treatment, PCA and cluster analysis were
performed using Matlab R2018b software (The Math-
works, Natick, MA, USA). The algorithms for PCA and
cluster analysis were part of the PCA_toolbox for Mat-
lab-version 1.5 of Milano Chemometrics and QSAR
Research Group [21].

RESULTS

The manufactures were localized for 54.2% in Eu-
rope (Italy, UK and Germany), 45.8% in Asia (India
and China). They were grouped in two classes: Europe
(class 1) and Asia (class 2).

PCA and HPLC

About 87.98% of variance were explained by two
principal components (PC1 and PC2). The PC1 rep-
resented the highest variation of the data (70.31%) and
the PC2 represented the 17.67% of variation of data.
The PCA scores plot showed a separation between
class 1 and class 2. Class 2 was characterised by nega-
tive PC1 and negative PC2. The PCA loadings showed
that the associated measurements with class 2 (Asian
samples) were RT 3.51 minutes and RT 13.2 minutes
(Figure 1S, available online as Supplementary Material).
The peaks eluted at these RTs could be typical of Asian
ibuprofen manufacturing.

PCA and '"H-NMR

Two principal components represented the 84.88% of
variance for 'TH-NMR dataset: PC1 represented 63.32%
and PC2 21.56% of variation of the data. The PCA
scores plot demonstrated; separation between classl
(European samples) and class 2 (Asian samples). The
class 2 was characterised by positive PC2. The chemi-
cal shifts associated with class 2 were: 1.09 ppm, 1.11
ppm, 7.42 ppm, 7.44 ppm, 7.91 ppm and 7.93 ppm
(Figure 2S, available online as Supplementary Material).
The signals in the spectra at these chemical shifts could
be characteristic Asian ibuprofen manufacturing.

PCA & HPLC and ‘H-NMR
The overall dataset was composed by 22 measure-
ments. Using the PCA, with two PCs, the variance was

AN
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82.51% (57.29% and 25.22%, respectively for PC1 and
PC2).

The PCA scores plot confirmed the separation be-
tween class 1 and class 2 of ibuprofen samples. Class 2
was represented by positive PC2. Only score S13, cor-
responding to the only Chinese sample, was classified
differently in respect to the Asian class with a negative
PC2. The loadings plot showed that the Asian classifi-
cation was determined by RT 3.51 minutes and by sig-
nals at chemical shifts 1.09 ppm, 1.11 ppm, 1.21 ppm,
7.42 ppm, 7.44 ppm, 7.91 ppm and 7.93 ppm which
had a positive PC2 (Figure 1).

Cluster analysis
Four groups were defined on the basis of chromatog-
raphy and spectroscopy similarities of samples, and of

their distance (Figure 2). The first homogenous group
of samples was represented by cluster A, which showed
to be less related to the other clusters. Cluster A was
composed of European samples. These results high-
lighted its difference from the other groups, in particu-
lar from cluster D, composed of Indian samples. Clos-
er related cluster B, represented by sample S8 only,
shared similar characteristics with cluster A. Cluster C
showed one Asian sample (S13 from China) together
with one European sample (S24 from UK). The pres-
ence of Asian and European samples within the same
group C suggests that some basic characteristics of
ibuprofen manufacturing (i.e., starting material, inter-
mediate of synthesis, other materials) could be similar
between the two geographical areas. Establishing the
similarity of these samples was not possible due to the

A B
: : : 03F -
1T asms1¢S2! 8 class2| 02F  yrad ;apwvgégg ppm |
s S V742 ppm
o BS20 N VRT 3.51
& 05F - & 01F 1
N o
& 3 ol v1.21m
n ! 153 ppm TP
2 ok - E vi. PP
w
. RGRES VRTHgph3
4 stz 0524 o 01 3Bp
o5k , 9
8 0.5 o 02k v0.97 ppm VRT 13.2 ]
5 &
2 S
o oS8 oS0 2-03f 4
3 ® RT 8.7
@ 59 8 v0.76 ppm VRIS.7 yRT5.22
45t @831 ] - -04r b
: ese ©St
g 05 v1.14 ppm 4
25 2 15 -1 05 035 03 025 -02 -015 -01 005 O
scores on PC 1 - EV =57.29% loadings on PC 1 - EV = 57.29%
Figure 1

PCA scores plot (A) and loadings plot (B) of the overall dataset of the 22 combined HPLC and 'H-NMR measurements.

251 b
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samples

Figure 2
Dendrogram of cluster analysis for European and Asian samples.




(GEOGRAPHICAL ORIGIN OF IBUPROFEN

low availability of samples for each country. Cluster D
showed to be a homogenous group of samples, and it
was represented by the Indian samples. These findings
suggest that some characteristics of manufacturing of
S13 (the only Chinese sample in Cluster C) could be
different from the other Asian samples. For sample
S24, the only ibuprofen sample manufactured in UK,
the characteristics of manufacturing could be different
from the other European countries.

DISCUSSION

This study demonstrated that marketed medicines
containing active ingredient, such as ibuprofen, from
different geographical origins, can be characterized by
the active substance chemical and impurity profile. In-
deed, the outcomes of this study demonstrated that by
HPLC, 'H-NMR and Chemometric tools, it is possible
to classify APIs sharing the same chemical structure but
being manufactured in different geographical areas. In
fact, the first multivariate analysis, highlighted differ-
ences in legal ibuprofen APIs depending on manufac-
ture geographical area. The PCA results, in fact, dem-
onstrated that the European and Indian products were
classified in two well distinct groups according to their
different chromatography and 'H-NMR spectroscopy
fingerprints. The classification of samples improved
when both HPLC and 'H-NMR data were combined in
the PCA analysis. Cluster analysis confirmed the clas-
sification in four clusters corresponding to the manu-
facturing region of ibuprofen. Hence, on the basis of
the distance of the two relative clusters and of the chro-
matographic and spectroscopic profiles, the 24 samples
were demonstrated to be not identical and that they
could be classified in different homogenous groups.

Notwithstanding, the limited number of API sam-
ples, categorization between India and Europe was
clearly noticeable.

Although the true root cause of the classification is
unknown, some assumptions can be done. One hypoth-
esis is that the purchase of the starting materials used
for the API synthesis from manufacturers located in the
same region of the world, would originate “similar” im-
purities pattern in the final API [22, 23]. Another possi-
bility could be a different approach to GMP rules in the
regulated countries. The possibility that the different
patterns may be linked to different API manufacturing
processes seems less convincing as the manufacturing
processes to obtain ibuprofen are well known and es-
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Abstract

Plasmodium vivax has been considered for years as responsible for a mild form of malaria,
due to the absence in the majority of its infections of the severe form of the disease,
typical instead of the deadly human parasite P. falciparum. In the last decade, studies on
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vivax malaria have had a partial step ahead especially after the completion of the whole
genome project, but there is still a gap of knowledge in the biology of this parasite. More-
over, the emergence of P. vivax antimalarial resistance in 1980s and its subsequent spread
in the Southeast Asia have indicated new concerns about the possibility to control this
parasite. P. vivax drug resistance poses a major threat to endemic countries and without
important international efforts, we could assist in a near future to the paradox of seeing
different malaria co-endemic countries, that have successfully controlled/eliminated P.

falciparum, still fighting against P. vivax.

In memoriam of Professor Giancarlo Majori,
1943-2020

INTRODUCTION

The biology of Plasmodium vivax is characterized by
the existence of hypnozoites, which are characteristic
dormant liver stage forms able to cause relapses weeks
or years later from the first exposure and clinical mani-
festation (Figure 1). The discovery of these dormant
forms occurred in 1982 [1]. Some of the sporozoites
inoculated by the bite of an Anopheles mosquitoes,
on arriving in liver tissue do not turn into merozoites,
which are responsible for the primary malaria attack,
but instead become hypnozoites responsible for relapse
of this disease. Relapses can occur after different time
intervals, based on the P. vivax strain and climatic zone:
infection by the tropical strain named “Chesson” can
result in relapse after just two weeks, whereas strains
originating from temperate zones may cause relapses
even years after the infection. [2]. Some other biologi-
cal features make this parasite peculiar and, in some
way, more difficult to control than P. falciparum. From
the epidemiological point of view, an important aspect
for vivax transmission is the fact that the gametocytes,

the parasite forms able to infect the mosquito vectors,
appear in the human blood circulation very early, mak-
ing the patient potentially infectious to the mosquitoes
very soon, i.e. at the appearance of the clinical symp-
toms. Finally, the ability of this parasite to complete its
life cycle in the vector at temperature below the 20 °C
(the life cycle of P. vivax does not occur below the 15
°C) explains the presence of this parasite outside tropi-
cal areas and we can assume that in cases of resurgence
of malaria in these regions, P. vivax will be the respon-
sible plasmodial species [3, 4].

In Europe, in the early 20th century, before the in-
dustrial era and before the development of a malaria-
control program initiated just after the Second World
War, P. vivax was the most common species of the four
human plasmodia then known. At that time, the an-
nual number of cases of malaria caused by P. vivax was
much greater than that caused by P. falciparum. P. vivax
was the dominant parasite in temperate areas and most
tropical areas except in Africa.

Nowadays, P. vivax represents the geographically
most widespread Plasmodium species, with more than
2.5 billion people at risk of infection and an estimated
15.8 million of clinical cases per years. [5, 6]. According
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Figure 1

The complexity of the life cycle of Plasmodium vivax is illustrated by the fact that it is possible that three different parasitic popula-
tions can circulate in the blood of a person infected with P vivax: a responsible population of primary attack, a resurgent popula-
tion if the strain is resistant to drugs, and a population from a relapse of which hypnozoites are the origin. The diagnostic tools
currently available are unable to distinguish these three populations. Specific antimalarial drugs for relevant parasite cell target

are also indicated in this figure.

ED: effective drug; CQ: chloroquine; PQ: primaquine; AQ: amodiaquine; MQ: mefloquine; PG: proguanil; AT: atovaquone; TFQ:
tafenoquine; DOX: doxycycline; CL: clindamycin; ACTs: artemisinin combination therapies.

to the latest Word Malaria Report, released by WHO in
2019, the highest incidence of P. vivax was reported in
the region of America, with 75% of malaria cases in the
2018, and Southeast Asia; [7]. Until few years ago, P.
vivax has been rarely studied in Africa, since the domi-
nance of Duffy-negative blood group in blacks, as key
determinant of natural resistance factor of P. vivax in-
fection [8]. Nevertheless, several studies have recently
shown evidence of P. vivax transmission across Africa in
Duffy-negative populations [9-11].

In Europe malaria are currently reported as import-
ed cases. Sporadic non-imported/indigenous cases of
malaria caused by P. vivax were reported through the
last years, as occurred in Italy in 1997 [12], in Corsica
during the summer of 2006 [13] and in Spain in Oc-
tober 2010 [14]. Even if in 2016, the WHO European
Region was declared malaria free [15], nevertheless an
outbreak of vivax malaria occurred in Greece [16] in
the district of Lakonia, Peloponnese between 2011 and
2012 and after an initial successful control of the situa-
tion in the two following years (0 local transmission in
2014) some indigenous cases have been still registered
in the year 2015-2018 (10 cases in 2018). In France,
Spain, and Italy, where malaria was endemic until the
end of the sixties, some areas were monitored to assess
the risk of reintroduction of malaria [17, 18]. These ar-
eas are the Camargue, the largest wetland in the south

of France; the Ebro delta; and the Maremma, a great
rural territory that stretches between Lazio and Tus-
cany, in central Italy. Particular eco-climatic conditions
and a significant presence of mosquitoes potentially
vectors of malaria (phenomenon known as “anophelism
without malaria”) make these zones prone to malaria
reintroduction.

More recently, five events of local malaria transmis-
sion (non-imported cases) have been reported recently
in the EU. Three of these events were associated with
either mosquito-borne transmission from an imported
case (introduced malaria) or an imported infected mos-
quito (airport malaria), in Greece and northern Cyprus
(P. vivax), and in France (P. falciparum); and two of the
cases were most likely associated with nosocomial mos-
quito-borne or iatrogenic transmission of P. falciparum,
in Italy and Greece [19]. These cases demonstrate that
the re-starting of malaria transmission in Europe, even
if in the form of small epidemics, is a possibility and the
magnitude of risk still under-evaluated.

For over 50 years, chloroquine has been used as the
schizonticidal drug choice for the treatment of vivax
malaria, administrated in combination with prima-
quine, a drug used to prevent relapses due to hypno-
zoites. Unfortunately, drug resistance to chloroquine
started to emerge at the end of 1980s [20], and over the
following years several reports described the extent of
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Table 1

Therapeutic protocols currently in use for the treatment of uncomplicated Plasmodium vivax malaria
Drugs Dose
Chloroquine 600 mg initial

(+ primaquine or tafenoquine as 300 mg after 6-8 hrs

below) 300 mg/single daily — day2 and day3

Primaquine phosphate 30 mg/single daily
(0.75 mg/kg - single weekly

X 8 weeks)

Tafenoquine 300 mg single dose

(2 tablets of Krintafel®, 150 mg each)

Artemether-lumefantrine 4 tablets initial

(20 mg/120 mq) 4 tablets/single at 8, 24, 36, 48
(+ primaquine or tafenoquine as and 60 hrs

above)

Dihydroartemisinin-piperaquine 3 tablets/single daily x 3 days
(320 mg/40 mq) (36-75 kg bw)

(+ primaguine or tafenoquine as

above)

Atovaquone-proguanil
(+ primaquine or tafenoquine as
above)

chloroquine resistance spread across most of vivax-en-
demic countries [21]. A summary of therapeutic proto-
cols currently in use for the treatment of uncomplicated
Plasmodium vivax malaria is reported in Table 1. In areas
where chloroquine is high ineffective due to resistance,
artemisinin combination therapy, co-administrated with
primaquine, has been used as alternative drug strategy
[22]. Recently, in July 2018, tafenoquine, commercially
known as Krintafel® and Arakoda®, has been approved
by FDA as a longer acting anti-hypnozoite drug for the
radical cure of vivax malaria and as a possible substitute
of primaquine. It is administrated in a single oral dose
in combination along with a schizonticide, resulting in
a better compliance linked to the dose regimen [23].
As for primaquine, this drug cannot be used in glucose-
6-phosphate dehydrogenase (G6PD) deficiency and in
pregnancy, due to the unclear risks of its use in these
two circumstances.

Since years, scientific research on P. vivax has been
fewer compared to P. falciparum. Moreover, in the re-
cent decades, there have been relatively few programs
and funds made available for targeted action against
P. vivax, probably because malaria mortality is linked
mainly to P. falciparum infections and occurs primarily in
African children. Instead, P. vivax epidemiology shows
several peculiarities that would suggest the importance
of increasing international efforts to shed light on the
biology of this parasite and to channel more resources
to support endemic countries for collaborative interna-
tional studies and to develop effective control programs
for its detection, characterization and containment.
Just to highlight the most important features: P. vivax
is endemic in most of the world’s malarial areas and ex-
erts in all these areas a socio-economic burden that is
anything but negligible; the transmission of this para-
site is mostly driven by the reactivation of hypnozoites
(relapses) and the observed increase of vivax infection
after falciparum malaria treatment make mandatory the

4 tablets/single daily x 3 days

Duration Notes

3 days

14 days Not to be used in pregnancy

(2 months) To be avoided in G6PD deficiency

(Prevention of relapse in patients with mild-
moderate G6PD deficiency)

1 day Not to be used in pregnancy
To be avoided in G6PD deficiency
3 days
3 days >75 kg = 4 tablets/ single daily x 3 days
3 days

development and implementation of an effective radical
cure for malaria in areas of coendemicity; the report of
severe/fatal clinical forms and the proven transmission
among the Duffy-negative people of sub-Saharan Af-
rica deny two of the most believed dogmas related to
P. vivax infection (P. vivax is a benign form of malaria;
Duffy-negative people are resistant to vivax infection);
the emergence and spread of chloroquine resistance,
especially in southeast Asia [24].

Above all, drug resistance is considered one of the
biggest challenges in the fight and control against ma-
laria; it has contributed to the spread of malaria to non-
endemic countries and the re-emergence of the disease
in areas where it had been eradicated. The combination
of these epidemiological and biological features of the
P. vivax, including the resistance mechanisms, justify
an updated picture of the situation. A comparison be-
tween what is known about P. falciparum and P. vivax in
term of drug resistance is also presented in this concise
review, in order to highlight the lack of biological knowl-
edge about this important human plasmodial parasite.

DRUG RESISTANCE IN P. VIVAX

P. vivax resistance to chloroquine (PvCQR) has been
detected in the late 1980s in isolates from Papua New
Guinea [20, 25] and Indonesia [26], about 30 years
later than the emergence of chloroquine resistance in P.
falciparum. Same situation has been described for other
antimalarial drugs, like primaquine, mefloquine and py-
rimethamine/sulfadoxine [27]. Mode of action of the
pyrimethamine and sulfadoxine and the mechanism for
resistance to these drugs are the only ones well docu-
mented in P. vivax. There are several antimalarials tar-
geting the blood forms of P. vivax, such as chloroquine,
amodiaquine, piperaquine, artesunate, artemether,
lumefantrine, dihydroartemisinin, but chloroquine is
still the first-line drug for the treatment of P. vivax.

From the discovery of the first isolate of chloroquine-
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resistant (CQR) P. vivax in Papua New Guinea in 1989
[20-26], this resistance has spread throughout South-
east Asia and the world, even though its progress is
slower than for P. falciparum resistance [21-28]. Due to
the emergence and spread of PrCQR, the treatment of
malaria caused by P. vivax is expected to become more
difficult in the coming years. Despite having been re-
ported more than 30 years ago, mechanisms underlying
PyCQR have not been completely understood due to
the difficulties to maintain a continuous in vitro culture
system for this parasite. Antimalarial drug resistance is
based on the accumulation of specific mutations occur-
ring in genes encoding essential enzymes or proteins
involved in the parasite biology. The development of
resistance to chloroquine is a serious issue because this
drug is the recommended one as first-line treatment for
this parasite. In any case, PvCQR is limited if consider-
ing the worldwide use of chloroquine. The radical cure
of the parasite, the erythrocyte forms and liver forms re-
sponsible for relapse, is based on a combination of chlo-
roquine with primaquine. This treatment, used for sixty
years, sometimes failed in different malarious areas in
Southeast Asia and primaquine itself has constraints
and side effects that limit its use [22]. Unfortunately, as
other important aspects of the biology of this parasite,
antimalarial resistance mechanisms in P. vivax remain
no deciphered yet.

Therapeutic protocol based on artemisinin-based
combination therapies (ACTs) are currently the treat-
ment of choice for uncomplicated malaria attacks
caused by P. falciparum. Recent studies have shown evi-
dence of a faster P. vivax parasites clearance of ACTs
respect to chloroquine with a considerable reduction in
recurrence [29, 30]. Notably, the combination of dihy-
droartemisinin and piperaquine (DHA-PPQ) results in
a rapid reduction of parasitemia and in an optimal pro-
phylaxis strategy against potential relapses. The efficacy
of this therapeutic approach depends on the combina-
tion of a fast acting (DHA) and a longer acting drug
(PPQ) highly effective in the prevention of recurrences
up to 56 days [31]. A first study in Thailand in 2000
[32] showed that artesunate and artemether quickly
eliminated parasites in the blood of patients compared
with other antimalarials. More recent studies [33-34]
have shown the efficacy of the combination artemether-
lumefantrine (AL, Coartem® and Riamet®) in the
treatment of P. vivax infections. The advantage of a
common therapeutic approach, i.e. using ACT to treat
all malaria cases, would be of paramount importance
in areas where P. vivax and P. falciparum coexist (e.g. in
Southeast Asia and South America). As described by
Bassat et al. in 2014, the efficacy of AL with other ACTs
whose partner drugs have a longer half-life (DHA-PPQ,
artemether-mefloquine) were compared. Data showed
that vivax relapses are only delayed and not eliminated
[34]. Using ACT would also limit the use of chloro-
quine, preserving its effectiveness against P. vivax. How-
ever, AL combination is not active against hypnozoites,
and does not protect against recurrence and exposes
patients to the risk of new infections in a shorter period
if it is not associated with treatment with primaquine
[35]. As described by Commons et al., 2019, in areas

where P. falciparum and P. vivax coexist, there is a high
risk of subsequent P. vivax parasitemia (by day 63 more
than 15%) after treatment of falciparum malaria with an
effective ACT [36]. The recurrence of vivax parasitemia
depends on the reactivation of the dormant liver stages,
demonstrating that ACTs result efficacy for the treat-
ment of the erythrocytic stages of the two parasites,
but not on the hypnozoites. Previous studies have been
proved the ability of primaquine to act as a schizonti-
cidal drug on the asexual blood stages of P. vivax [37],
and as a gametocytocidal drug on P. falciparum [38].
For this reason, Commons et al. hypothesized that the
administration of an artemisinin-combination regimen
along with primaquine would decline the incidence of
recurrent P. falciparum and P. vivax infections, and re-
duce the risk of transmission in patients with falciparum
monoinfection [36]. Mixed infections of falciparum/
vivax are thus an important issue for the treatment of
malaria patients in co-endemic countries; and the study
of potential interactions between the two species could
provide more information about determinants of drug
resistance in vivo. A unified treatment strategy for asex-
ual forms of two infections (falciparum and vivax) offers
significant advantages in areas where the two are co-
endemic.

The unanswered question is: how long does one have
to follow a patient to see if he has a vivax relapse? Ac-
cording to several studies, generally, the follow-up rang-
es between 4-6 weeks, as in the case of P. falciparum
infections, up to 6 months. Nevertheless, this period is
not enough to capture long-latency relapses, which can
appear 8-9 months after the first exposure [39]. Finally,
even in countries where chloroquine remains highly ef-
fective, the administration of an artemisinin-based regi-
men could remove more rapidly the vivax gametocytes
biomass, reducing the risk of transmission [40].

THE CHALLENGE OF EVALUATING
THE DRUG RESISTANCE IN P. VIVAX

The resistance of the malaria parasite is a complex
phenomenon that involves many parameters and can
be measured by different approach. In general, as for
example is for P. falciparum, three approaches are used
to identify and evaluate the level of drug resistance in
plasmodial isolates: in vivo tests, in vitro tests and mo-
lecular markers analysis.

In vivo tests (efficacy therapeutic tests, ETTs) can be
used in which clinical and parasitological symptoms in
malaria patients treated with these drugs are followed
long enough to see whether parasite re-appearance oc-
curs. In vivo tests are the gold standard, because they
provide clinical evidence of treatment outcome, but,
unfortunately, in vivo tests are difficult to implement in
the frame of control programs, since following cohorts
of patients for about a month is rarely possible in en-
demic area.

In vitro tests (or phenotypic analysis) include putting
a culture of the parasite in the presence of various con-
centrations of drugs to determine the effective dose and
to define thresholds for each drug.

Finally, molecular markers analysis (in general, the
assessment of polymorphisms present in plasmodial
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genes involved in drug resistance) could represent a
useful way to survey the emergence and spread of drug
resistance surveillance in endemic areas [41].

In vivo tests (ETTs) for P. vivax are limited by the same
parasite biology. Indeed, P. vivax has intra-hepatocyte
forms (hypnozoites) that escape most drugs, which
can cause re-appearance of the parasite several weeks
or months after infection. It then becomes very dif-
ficult to know whether a patient was properly treated
and relapsed, was infected with a resistant parasite that
escaped drug treatment, or was infected by a parasite
dormant form, which are protected from the drug. Ac-
tually, the outcome of a treatment is very often chal-
lenging in vivax endemic areas, since it is hard to known
if a parasitemia re-appearance in a given patient might
be due to a real treatment failure or to the hypnozoite
reactivation or a new infection.

Highly standardized methods are available for P. fal-
ciparum continuous cultures since long time, making
affordable a wide range of biological studies, as for ex-
ample the evaluation of resistance of this parasite to the
different antimalarials. In the case of P. vivax, the situa-
tion is different: we do not have a continuous culture of
P. vivax in vitro, and therefore, in vitro tests is in general
somewhat difficult. The main problem is probably that
P. vivax favors young erythrocytes, i.e., reticulocytes,
which represent only one percent of red blood cells in
human blood. It also appears that, even if we add a con-
stant amount of reticulocytes to the culture, the para-
site has difficulty reproducing and multiplying in vitro.

The only way of maintaining P. vivax strains in vitro is
to alternate cultures in flasks with the inoculation of the
parasite in monkeys. P. vivax infects several species of
non-human primates, including chimpanzees, gibbons,
and “squirrel monkeys” (Saimiri sciureus), without
problems [42], but the research groups able to breed
and manipulate monkeys in the laboratory are very few
in the world.

In 2007, a group of researchers from Thailand pre-
sented an in vitro method in which P. vivax survives for
a few parasitic cycles [43], but the protocol turned to
be complex and difficult to reproduce. Subsequently, in
2015, the same protocol has been improved allowing
the in vitro cultivation for over 26 months, even if with a
low parasite density [44]. More recently, different pro-
tocols of “short-term culture” for P. vivax isolates have

Table 2

been presented in the literature but the protocols are
still limited in efficacy especially when compared to the
high-standardized protocol for P. falciparum culturing
(45, 46].

In summary, the situation about P. vivax culturing is
frustrating after more than 100 years of attempts (the
first protocol of vivax cultures was published in 1912 by
Bass and Johns) and the lack of in vitro cultures of P,
vivax makes it difficult to monitor the sensitivity of this
parasite to drugs and constitutes the main gap in biol-
ogy knowledge of this parasite [47].

The analysis of molecular marker polymorphisms in
general supports in vitro and in vivo tests assays and
could be a useful way to try to identify resistance of
plasmodium parasites to drug treatments [41]. However,
in P. vivax, the value of these markers depends on the
ability to analyze them in a patient where treatment has
failed, and the ability to distinguish whether a patient
was properly treated and relapsed, was infected with a
resistant parasite that escaped drug treatment, or a he-
patocyte which was infected with a dormant form of the
parasite, which was protected from the drug treatment.
Currently there is not a truly reliable method to assess
the sensitivity or resistance of P. vivax to treatment.
Meanwhile, several observations of treatment failures
raise concern about the development of resistance in
P. vivax.

The difficulties in detecting and studying P. vivax re-
sistance than P. falciparum depends on the basic biology
and epidemiology of the two parasites. The major and
latest differences obtained towards understanding the
drug resistance in P. falciparum and P. vivax are shown
in Table 2.

The search for the identification of reliable molecu-
lar markers in P. vivax has been focused in the recent
years on the P. vivax putative transporter protein gene
(pvert-o, P. falciparum orthologues CQR-genes), multi-
drug resistance gene (pymdr-1, CQR) and dihydrofolate
reductase and dihydropteroate synthase (pvdhfr/pvdhps
genes, PYR/SUL-R)

In the case of P. falciparum, CQR is measured by a
decrease in the action of the drug at the parasite’s food
vacuole. Mutations of genes pfert and in part, pfindrl are
involved in this process. Shortly after the identification
of the gene crt in P. falciparum and demonstration of
its involvement in CQR, the orthologous gene (crt-0) in

Differences in drug resistance knowledge between Plasmodium vivax and Plasmodium falciparum

Plasmodium spp.

Plasmodium vivax CQ, PQ, QN, PYR/SUL

Plasmodium falciparum CQ, QON, AQ, MQ, PPQ, PYR/SUL, PG, ARTder, ATQ

Antimalarial drugs with known resistance

Identified molecular marker genes for drug resistance
crt-o=CQR?

mdr1 = CQR?

dhfr/dhps = PYR/SUL, PG

crt, mdrl, nhe, = CQ, QN, MQ, AQ

pm?2 = PPQ

cytb=ATQ

k13 = ARTder

Drugs - CQ: chloroquine; PQ: primaquine; QN: quinine; AQ: amodiaquine; MQ: mefloquine; PPQ: piperaquine; PRG: proguanil; PYR/SUL: pyrimethamine/sulfadoxine;
ATQ: atovaquone; ARTder: artemisinin derivatives (dihydroartemisinin, artesunate, artemether).
Genes — mdr1: multidrug resistance; crt: chloroquine resistance transporter; nhe: Na*/H* exchanger; dhfr/dhps: dihydrofolate reductase/dihydropoteroate

synthase; cytb: cytochrome b; pm2: plasmepsin 2; k13: kelch-on chromosome-13.
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P. vivax was identified [48]. Studies with several differ-
ent strains of the parasite found in endemic areas have
not shown an association between the polymorphism of
this gene and resistance to CQ. A 2006 study in Brazil
showed a decreased response to CQ for a P. falciparum
strain transfected with the crt P. vivax (heterologous ex-
pression system), suggesting a possible involvement of
this gene in CQR [49].

More recently, Sa et al., investigated again the pos-
sible role of the crt-o in P. vivax CQR and described an
upregulation of this gene through crossing different par-
asite population with different sensitivity to CQ [50].
Despite the studies above mentioned, the involvement
of crt-o gene in vivax CQR remain to be deciphered yet.

The mdr1 gene in P. falciparum plays an important role
in modulating resistance against several drugs, most of
which belong to the class of quinolines, but also to ar-
temisinin derivatives [51]. The decrease in antimalarial
sensitivity is related to the presence of polymorphic loci
in the gene or an increase in the copy number of the
gene in the genome of the parasite, a condition known
as “multidrug resistance effect”. For example, the Thai-
land-Myanmar, P. falciparum isolates have amplification
of the gene Pfmdrl associated with decreased sensitiv-
ity to mefloquine, quinine, lumefantrine, halofantrine,
and artemisinin derivatives [52]. In 2005, Brega et al.
were the first to demonstrate the role of P. vivax mdrl
gene in drug resistance [53]. While early studies have
not shown a relationship between the presence of mu-
tations of this gene and sensitivity of the parasite to
quinoline [54, 55], studies conducted more recently in
Southeast Asia (Thailand, Indonesia [56, 57] and Pap-
ua New Guinea [58]) have sought to clarify the role of
Pymdrl in antimalarial drug resistance, taking into con-
sideration either the gene polymorphism or the number
of copies and comparing the molecular results with the
in vitro and in vivo sensitivity results. We can summa-
rize the results of these studies as follows: chloroquine
and mefloquine exert a competitive evolutionary pres-
sure on Pymdrl, identical to that observed with P. falci-
parum; the polymorphism at the codon 976 (Y976F) of
the Pvindrl gene can be used as an indicator to monitor
P. vivax resistance to chloroquine; amplification of the
gene Pymdrl in multidrug-resistance shows an effect
similar to that observed in P. falciparum. This appears
to be limited to areas with endemic zones characterized
by the circulation of these drugs. Amplification of copy
number was observed in isolates from Thailand but not
in isolates from Papua New Guinea, where mefloquine
is not used [56]. Finally, in 2017 a study carried out
in P. vivax field isolates from Mauritania, Sudan and
Oman investigated single nucleotide polymorphisms in
Pvmdr1 and, for the first time, in PvMCA1-cd (spelling)
gene, to look for a potential role of these two genes in P,
vivax drug resistance [57].

Pyrimethamine and sulfadoxine (S/P) are inhibitors
of dihydrofolate reductase (DHFR) and dihydroptero-
ate synthase (DHPS). Due to the quick rise of P. falci-
parum resistance and the occurrence of rare but severe
adverse events, currently this drug combination is rarely
used for malaria treatment. However, this association is
still recommended by WHO in intermittent preventive

treatment in pregnant women (ITPs) and it is also used
in association with artemisinin derivatives. Resistance
of P. vivax to S/P appeared very quickly and DHFR/
DHPS inhibitors have not been used for the treatment
of P. vivax malaria because preliminary tests showed low
effectiveness against P. vivax. P. vivax was considered
intrinsically resistant to these two drugs. But recent
studies have shown a correlation between the point
mutations in the dhfr gene of P. vivax isolates from dif-
ferent geographical areas and resistance to antifolate:
Thailand, India, Madagascar, Comoros [58] and Papua
New Guinea [59]. The mechanism of resistance to S/P
is the only well-known mechanism for this parasite be-
cause the situation is similar to that of P. falciparum:
mutations in the genes encoding the DHFR and DHPS
enzymes are responsible for a change in the 3-D struc-
ture of these proteins and, therefore, these mutations
lead to a decrease in the affinity of the mutated enzyme
vis-a-vis antifolates. Pécoulas et al., in 1998, isolated
and cloned the DHFR-TS domain of the dhfr gene of P.
vivax and different alleles of the gene have been identi-
fied [60, 61] and more recently, P. vivax dhps gene has
been identified and characterized [62, 63]. Neverthe-
less, further studies on dhfr/dhps polymorphisms are
needed to properly assess the extent of genetic variation
in these P. vivax resistance markers.

After a long search to identify a specific locus impli-
cated in artemisinin resistance, the kelch propeller do-
main of the k13 gene on chromosome 13 was recently
identified as a molecular marker of artemisinin resis-
tance in P. falciparum: several mutations in the kelch
propeller domain have now been associated with in vitro
ring stage survival assays and delayed parasite clear-
ance rates in patients treated with artemisinins [64]. A
recent study identified the Pfk13 ortholog for P. vivax,
Pvk12, showing that non-synonymous mutations in this
gene are already circulating at very low frequencies
in Cambodia [65]. More recent studies conducted in
Southeast Asia confirmed the limited polymorphism of
Pvk12 making the role of this gene in artemisinin resis-
tance unclear [66, 67].

ARE HYPNOZOITES RESERVOIR
OF RESISTANCE?

The presence of these dormant liver forms enormous-
ly complicates control of this parasite in endemic areas
as well as in non-endemic areas for the management of
vivax imported cases. Knowledge of the biology of hyp-
nozoites is very limited and they escape most drugs.
Several articles report that the introduction of artemis-
inin derivatives in Asia has caused a drop in cases of P.
falciparum in different endemic areas without having the
same efficacy on P. vivax [68]. The hystorical drug able
of acting on hypnozoites and preventing relapse is pri-
maquine (PQ). However, this drug has two weaknesses:
hemolysis risk in the case of red blood cell of the patient
is G6PD deficient, and a bad compliance due to its long
course of treatment (15 days). P. vivax resistance to pri-
maquine has been already reported also [69, 70].

Hypnozoites and their reactivation allow P. vivax to
survive in temperate zones characterized by a marked
seasonality of vector populations. Several questions on
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the biology of hypnozoites are currently unanswered,
which has direct implications for the control of this
pest. What is the “signal alarm” for the hypnozoites? A
Finnish study sought to provide an answer to this ques-
tion, assuming that the saliva of Anopheles injected dur-
ing the bite by the mosquito can be responsible for the
triggering [71].

The ability to artificially induce the reactivation of
hypnozoites is a fascinating perspective that might pro-
vide a new and effective control strategy for this elusive
human parasite.

CONCLUSION

WHO recognized in its recent agenda that more at-
tention has to be paid to P. vivax infections to move for-
ward in the elimination efforts. Even though TQ does
not overcome all shortcomings of PQ, the TQ single
dose anti-relapse treatment for hypnozoites of P. vivax
as well as of P. ovale markedly improves the patient com-
pliance to the treatment regimen for these malaria spe-
cies [72]. The changes in the WHO agenda might have
given the final impulse to keep TQ in the development
pipeline and finally bring it to the market. Currently no
other drugs are available or in pipeline for anti-relapse
therapy [73].

Considering that development from the early clinical
phase to market approval takes ~10 years, most prob-
ably no alternative to 8-AQ for anti-relapse therapy
will be available in the near future. It is ultimately con-
ceivable that in the near future TQ will replace current
treatment regimens with PQ and play a crucial role in
the treatment protocol included in programs for the
control of P. vivax malaria [72].

The European Commission and the major interna-
tional stakeholders are now the only ones who can ef-
fectively support research programs of the magnitude
needed to overcome the bottlenecks in knowledge in
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Abstract

Physical activity (PA) has a great potential impact in the prevention and control of non-
communicable diseases. However, epidemiologic data reporting a high percentage of
inactive people, still indicate a scarce perception of PA benefits. Therefore, in the past
decades, a number of documents has been produced by international organizations with
the aim of changing policies and institutional actions towards the promotion of PA. Sev-
eral actions have been put in place and an evolution process in international strategies
for PA promotion is ongoing. Nevertheless, there is a need to continue updating these
policies in light of new knowledge about evidence-based PA health effects. A stimulating
discussion about effective PA promotion programs is useful for future planning of inter-
ventions. The aim of this work is to report the evolution of international strategies aimed
to PA promotion, from early PA recommendations, to the recent WHO Global Action
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INTRODUCTION

Physical activity (PA) is defined as “any bodily move-
ment produced by skeletal muscles that require energy
expenditure” [1], including that done during leisure
time, for transport or work. The term “PA” should not
be confused with “exercise”, which is “a subcategory of
PA that is planned, structured, repetitive, and aims to
improve or maintain one or more components of physi-
cal fitness” [2, 3].

Physical inactivity is instead defined as “not meeting
the applicable physical activity World Health Organi-
zation (WHO) recommendations” [2]. In recent years,
a consistent body of epidemiological evidence proved
that physical inactivity is a risk factor for the major non-
communicable diseases (NCDs) responsible for pre-
mature death and disability in western countries [4, 5].
Moreover, sedentary behavior is defined as “any waking
behavior characterized by an energy expenditure <1.5
metabolic equivalents” [6]. People’s sedentary behavior
has been described as the fourth leading risk factor for
death in the world [7]. In recent years, especially among
children and young people, PA has been replaced by
more sedentary habits, and in adults and the elderly
the opportunities to be active tend progressively to de-
crease [8].

On the contrary, it is widely recognized that PA is

a main tool for the prevention of non-communicable
diseases and the improvement of psycho-physical well-
being and quality of life, for both sexes and at every
age (Table 1). Moreover, physically active populations
tend to live longer than inactive ones. As a consequence
of all these benefits, PA may reduce direct and indi-
rect costs deriving from a sedentary lifestyle [9]. This
is of particular relevance, if considering the population
ageing occurring in developed countries, that is de-
termining a growing burden of chronic diseases [10].
However, there is evidence that anyone who increases
their level of physical activity, even after long periods
of inactivity, can obtain health benefits irrespective of
their age. Therefore, the WHO, the European Union
(EU), and National Governments in recent years have
directed their policies towards the promotion of an ac-
tive lifestyle. Increasing the PA level in the population
requires a whole of society and culturally relevant ap-
proach and therefore demands a collective effort across
different sectors and disciplines [11]. Indeed, PA pro-
motion is important not only at the individual level, but
also for the entire society, and a multi-disciplinary and
multi-sectorial approach is needed.

The best strategy is to act primarily on both individual
and collective behaviors with legislative and regulatory
interventions and/or health education. In this sense, the
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Table 1

Health effects related to physical activity as described by health-related organisations (Health Promotion and Disease Prevention
Knowledge Gateway, at https://ec.europa.eu/jrc/en/health-knowledge-gateway/promotion-prevention/physical-activity)

Effect

Cardiovascular health

Cardiorespiratory health
Diabetes 2
Body weight and energy intake

Mental health and cognitive performance

Musculoskeletal function

Risk of cancer

All cause mortality and premature death

Benefit

Reduced risk of cardiovascular and coronary heart disease, and stroke

Prevention of arterial hypertension and better control of arterial blood pressure in high

blood pressure suffering individuals
Reduction of LDL- and not HDL-cholesterol

Good cardio-pulmonary function
Reduced risk of diabetes 2

Increased fat utilization, weight control and less risk of obesity
Healthier body mass and composition

Maintenance of cognitive functions and lowered risk of depression and dementia
Lower stress levels and associated improved sleep quality

Improved self-esteem and optimism

Reduction of anxiety disorders

Decrease of feelings of fatigue

Improved bone mineralization. Prevention of bone fractures and osteoporosis
Improvement in muscular strength, walking speed, muscular fitness and balance
Better capacity in daily living activities. Lower risk of falling

Lowered risk of breast, prostate, colon, endometrial and bladder cancer

All-cause mortality is delayed by regularly engaging in physical activity

Other health effects

General quality of life

Improved digestion and regulation of intestinal rhythm

Decreased absenteeism from work

Delaying of chronic illnesses associated with ageing

concept of “prevention” is in line with that of “health
promotion” [12].

Several actions have been put in place and an evolu-
tion process in international strategies for PA promo-
tion is ongoing. Nevertheless, there is a need to con-
tinue updating these policies in light of new knowledge
about evidence-based PA health effects.

In this review, we analyze the steps in the evolution
of international strategies aimed to PA promotion, from
early PA recommendations, to the recent WHO Global
Action Plan on Physical Activity, retracing the history of
strategies and programs, as well as the legislative evolu-
tion and intervention projects (Figure 1).

A stimulating discussion about effective PA promo-
tion programs can be useful for future planning of in-
terventions.

PHYSICAL ACTIVITY AND HEALTH
PROMOTION

In 1948, the WHO defined health as “(...) a state of
complete physical, mental, and social well-being and
not merely the absence of disease or infirmity” [13].
This definition introduces and places for the first time
the emphasis on cultural and psychic factors, includ-
ing them in the meaning of “health”, and highlighting
the role of social and political environment. In this way,
health represents a global, social and political process,
aimed at changing social, economic and environmental
conditions, in such a way that the impact of risk factors
on public and individual health is reduced. The subse-
quent Alma Ata Declaration on Primary Health Care
[14] gave rise to a different and new perspective on
public health, drawing attention to the importance of

prevention in national and international health policies,
as well as within the national health systems.

The first and most important document for the
“Health Promotion” was the Ottawa Charter, elabo-
rated in 1986 in the context of the First International
Health Promotion Conference, that defined health
promotion as “... the process of enabling people to in-
crease control over, and to improve, their health” [12].
The same document also shows how health promotion
is based on concrete and effective community actions
to achieve a better health status and focuses on defin-
ing priorities, making decisions, planning strategies and
implementing them.

A further step in this direction was made in 1997 by
the 4® International Conference on Health Promotion
of Jakarta, entitled “New players for a new era: leading
health promotion into the 21st century”. The Jakarta
Declaration [15] highlighted the need of using a wider
range of resources to address the issue of health deter-
minants in the 21st century, as it is essential that health
promotion evolves to cope with social changes.

An important part of the Jakarta Declaration was the
“Call for Action”, in which the participants to the Con-
ference were invited to share its key messages with their
governments, institutions and communities, and to put
the proposed actions into practice. The “Health Pro-
motion” concept developed by WHO aims to answer
to two main questions: how is health created? How to
keep yourself healthy for as long as possible? Therefore,
it works to motivate people to choose a healthy lifestyle
in a conscious and autonomous way. In this context, PA
will be one of the tools chosen and promoted to achieve
this result.
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Figure 1

Evolution of international strategies and interventions for health promotion through physical activity.
WHO: World Health Organization; EU: European Union; NCD: non-communicable diseases.

The implementation of policies for health promotion
through PA relies both on recommendations about type
and dose of activity providing health benefits for peo-
ple, and monitoring about PA levels in the population,
as starting point for promoting initiatives.

Pbysical activity guidelines

The recognition of the functional risks of a sedentary
lifestyle has led to the dissemination of numerous rec-
ommendations and guidelines about PA levels useful to
improve public health.

The attention of scientific research on the relation-
ship between exercise or PA and health began only in
the second half of the 20th century and included two
main relevant research fields: a) epidemiological stud-
ies, in which the relationship between PA and health
outcome is assessed, and b) exercise training studies in
a controlled laboratory environment, in which the po-
tential of aerobic and/or strength exercise is the physi-
ological variable taken into consideration [16].

The first systematic investigation on the health risks,
with specific concern to coronary heart disease (CHD),
associated with a sedentary lifestyle at work or during
leisure time was conducted by Morris and coworkers
[17]. Since that, hundreds of reports have been pub-

lished in scientific peer-reviewed literature proving
health risks determined by a physically inactive lifestyle,
and advantages of PA practice [18, 19].

A limit of epidemiologic studies carried out until the
mid-1980s was that data collected about PA levels were
self-assessed, thus the inaccuracy linked to this type of
data collection made difficult to measure the exact dose
of exercise, in terms of type, quantity and intensity, as-
sociated with the observed health benefits. Subsequent
studies used the cardiorespiratory fitness as more objec-
tive index to evaluate the relationship between exercise
“dose” and health benefits [20-25]. Other investigators
conducted controlled training studies providing quanti-
fication of the exercise dose needed to improve physical
work capacity. This research flows provided the scientific
basis for the recommendations: epidemiological research
was used for the development of health-related activity
guidelines, while exercise training research to quantify
the frequency, intensity and duration of recommended
PA. The American College of Sports Medicine (ACSM)
and the American Heart Association (AHA) were the
first to provide recommendations on specific exercises
for clinical and rehabilitative medicine [26-33]. However,
early guidelines and recommendations were based pri-
marily on endurance exercise to enhance performance,

AN
N}
—

ORIGINAL ARTICLES AND REVIEWS . . -



Mauro De Santi, Debora Contisciani, Giulia Baldelliet al.

especially aerobic capacity. In subsequent years, results
from large epidemiological studies showed benefits of
moderate-intensity activities of daily living: quantity
and quality of exercise needed to attain health related
benefits may differ from that recommended for fitness
benefits. Thus, a subsequent document from the Centers
for Disease Control and Prevention (CDC)/ACSM [34]
gave more specific indications, suggesting the practice of
>30 minutes of moderate intensity PA each day. This re-
port contains the most widely known evidence-based PA
recommendations for public health, which were adopted
by many other authorities worldwide, like the National
Institutes of Health [35] and the WHO [36].

Since then, other specific recommendation of PA to
control weight gain followed, like those by the IOM (In-
stitute of Medicine) Committee on Dietary Reference
Intakes [37] and the International Association for the
Study of Obesity [38].

More recently, new recommendations based on up-
dated scientific evidence have been published, such
those from the US Physical Activity Guidelines Advi-
sory Committee [39], the AHA/ACSM for adults and
older adults [40], the US Department of Health and
Human Services (US DHHS) [41], that contain spe-
cific guidelines for young people, people with disabili-
ties, pregnant and postpartum women, and the WHO
“Global Recommendations on Physical Activity for
Health” [2], addressing three age groups: 5-17, 18-64
and 65 years old and above. All these documents intro-
duced some differences respect to the first ACSM re-
ports: recommendations are specific for target groups;
some vigorous exercise and also muscle- and bone-
strengthening activities are included; PA time is indi-
cated as total weekly activity time (150 min per week).

Now, Physical Activity Guidelines have been pub-
lished in several countries, as well as in the context of
the WHO. The WHO's documents, that are based on
the most recent scientific evidence, focus on PA as a
tool for population-based primary prevention.

In Europe, the EU Physical Activity Guidelines were
published in 2008 and several EU Member States have
national PA Guidelines which help government agen-
cies and private bodies to work together in order to pro-
mote PA [42].

At the moment, recommendations are oriented to
suggest moderate-intensity activities, planned as total
weekly PA, and targeted to the whole population and
to specific target groups. Thus, providing evidence-
based information about the relationship between PA
and health, they represent the basis for strategies and
policies of PA promotion at national and regional level
[43].

Data collection and monitoring

The surveillance of population levels of PA using a
standardized protocol is an important and necessary
starting point in PA promotion policies. This kind of
investigation is generally carried out through question-
naires, that are inexpensive and easy to administer, such
as the Global Physical Activity Questionnaire (GPAQ,
www.who.int/ncds/surveillance/steps/GPAQ_EN.pdf)
developed by the WHO about a decade ago.

In Europe, the first manifestations of interest for
studies and research on sports participation appeared
in the ‘70s, when the sport began to be included in wel-
fare policies. These early investigations examined the
socio-economic and demographic characteristics of the
participants, the modalities of participation, the rea-
sons for sport practice or inactivity.

People participation in sport activities (“sport for all”)
reached a peak in the ‘80s and was monitored both at
European and extra-European level. Subsequently, a
new approach for measuring sports participation was
designed, with the aim of harmonizing data collection
between countries: the Compass project (Co-Ordinat-
ed Monitoring of Participation in Sports) [44, 45] and
the subsequent Eurobarometer, a service through which
the European Commission measures and analyzes the
trends of public opinion in all Member States (MSs) in
order to better prepare legislative proposals, to make
decisions and to evaluate the EU work. The first Spe-
cial Eurobarometer Physical Activity [46] evaluated PA
in the Member States (MSs) using the “International
Physical Activity Questionnaire” (IPAQ). The IPAQ
analyzed frequency, duration and intensity level of re-
spondents’ PA over the last 7 days, as well as the context
in which they were physically active and the perception
of environmental and local opportunities that favor the
practice of PA. Several Eurobarometers on sport and
PA were produced in the following years [47-50].

However, data collected in recent years are not en-
couraging. The WHO estimated that, at a global level,
25% of adults is not sufficiently active and 80% of ado-
lescents do not reach recommended levels of PA (www.
who.int/news-room/fact-sheets/detail/physical-activ-
ity). Also, in the EU nearly half (46%) of Europeans
never exercise or play sport, and that proportion has
increased gradually since 2009. Only 7% exercise regu-
larly (at least five times per week), and a high propor-
tion of adults in Europe spend more than 5 h/day sitting
[50]. Lack of time is the principal barrier for those with
a sedentary behavior, but there are conflicting opinions
among the states on the fact that local authorities do
not enough provide their citizens with appreciable op-
portunities (39%). Finally, it should be noted that the
survey observed a good perception of sport as a benefit
to physical and mental health, reflecting citizen aware-
ness of the role that PA plays in the prevention/treat-
ment of several disease.

In Italy PA levels are monitored continuously through
the following national surveillance systems, promoted
by the Ministry of Health and led by the Istituto Su-
periore di Sanita: Okkio alla salute (Child Obesity Sur-
veillance Initiative) collects data on children aged 8-9
years; The Health Behaviour in School-aged Children
(HBSC) survey collects data on adolescents aged 11,
13 and 15 years; Progressi delle Aziende Sanitarie per la
Salute in Italia (PASSI) collects data on adults aged 18-
69 years. Additional data are collected by the National
Institute for Statistics [51, Italy Physical Activity Fact-
sheet]. According to these data, the estimated preva-
lence of sufficient PA levels is 82% for children 8-9 years
old, 11% for adolescents 11-13 years old and 31% for
people aged 18-69 years.
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MAIN POLICIES AND INTERNATIONAL
PROGRAMMES

During last years, WHO published several docu-
ments and gave a series of suggestions to guide poli-
cies towards PA promotion through an intersectoral ap-
proach. Moreover, to support member states, WHO set
up partnerships with various organizations, the United
Nations Organization for Education, Science and Cul-
ture (UNESCO) and the United Nations Office on
Sport for Development and Peace (UNOSDP).

In 2004, in consideration of the dramatic increase of
chronic degenerative diseases and obesity, WHO ap-
proved the Global Strategy on Diet, Physical Activity
and Health [52], which aimed to design and suggest a
worldwide interventional program to improve the situ-
ation. After this, all countries proposed political initia-
tives to control and promote interventions in line with
WHO suggestions. In particular, in 2005 a Green Paper
entitled “Promoting healthy diets and physical activity:
a European dimension for the prevention of overweight,
obesity and chronic diseases” has been published in Eu-
rope [53].The Green Paper gave rise to two documents
in 2007: the White Paper on “A strategy for Europe
on nutrition, overweight, and obesity related health is-
sues” [54], and the White Paper on sport, including the
“Pierre de Coubertin Action Plan” [55].

In 2008, the 61st session of the World Health As-
sembly approved the “Action plan for the global strat-
egy for the prevention and control of NCDs”, which is
considered a strong worldwide initiative to emphasize
the importance of PA as a prevention strategy [56].
In this document physical inactivity is listed as a risk
factor for NCDs, together with tobacco consumption
and unhealthy diet, and the goal of the global strategy
was to reduce the level of exposure to these risk factors
and to develop norms and guidelines for interventions
to reduce the incidence of NCDs and improve health
care. A few years later, the Global Action Plan for the
Prevention and Control of NCDs 2013-2020 was also
published [57].

These documents show how the promotion of PA is a
topic of real interest at the global and at the European
level. The WHO and the European Commission are
currently involved in promoting and supporting policies
that aim at an active lifestyle. One of the most recent
results is the “Physical activity strategy for the WHO
European Region 2016-2025” (see below) [58].

2005: The Green Paper on “Promoting bealtby diets
and physical activity: a European dimension for

the prevention of overweight, obesity and chronic
diseases”

The Green Paper presented by the European Com-
mission in 2005 in Brussels set out various concepts for
public debate on the promotion of a healthy lifestyle
through proper nutrition and PA [53].

The document first illustrated the epidemiological
situation at the European level in that period: incor-
rect nutrition and lack of PA emerged as main causes of
preventable diseases and premature deaths in Europe;
the growing prevalence of obesity across Europe was
one of the major public health problems. The Council

invited the Commission to contribute to the promotion
of healthy lifestyles and to develop strategies to improve
food habits in the EU, promoting healthy diets and PA.
The Council stressed also the need to include issues
concerning nutrition and PA in the relevant policies at
European level.

Furthermore, a series of initiatives were launched in
that period: the European Platform for Action on Diet,
Physical Activity and Health, the Network on Nutri-
tion and Physical Activity, and the Public Health Action
Program, aimed to support projects to promote healthy
eating habits and PA.

A very important part of the Green Paper is the An-
nex 2: “Relationship between diet, physical activity and
health”, containing scientific news to support the theme
on which the book is based. The relationship between
diet, PA and health has been established scientifically,
in particular regarding the role of lifestyles as determi-
nants of chronic NCDs and conditions such as obesity,
heart disease, type 2 diabetes, hypertension, cancer and
osteoporosis [59]. All these inputs, made known world-
wide by the “Global Strategy on Diet, Physical Activity
and Health” and at the European level by the Green
Paper, will be the basis for practical proposals that will
be contained in the subsequent White Papers [54, 55].

2007: The White Paper on “A strategy for Europe
on nutrition, overweight and obesity related bealth
issues”

The purpose of the first White Paper was to suggest
an integrated European approach to improve popula-
tion health status and decrease illness linked to poor
nutrition, obesity and overweight [54]. It stressed the
importance of individual responsibility for lifestyles im-
provement and emphasizes the important role of the
public authorities in promoting the increase of PA level,
developing a favorable physical and social environment.

Among the various topics addressed, the focus is on
the “Encouraging physical activity” section. “The Com-
mission believes that the MSs and the EU must take
pro-active steps to reverse the decline in physical ac-
tivity levels in recent decades (...). The individual’s at-
tempt to find ways to increase physical activity in daily
life should be supported by the development of a physi-
cal and social environment” such as sustainable urban
transport actions and walking and cycling projects.

Finally, the Commission ends this part by announc-
ing that it will draw up a White Paper on Sport that will
be “aimed at putting forward proposals to boost partici-
pation rates for sport in the EU and to extend the sport
movement to include physical activity more generally.”

2007: The White Paper on “Sport”

The White Paper on Sport was one of the main con-
tributions to the theme of the role of sport in daily life
of European population [55]. It contained several pro-
posed actions, which were then brought together in the
“Pierre de Coubertin Action Plan”. The White Paper on
Sport aimed to enhance the social role of PA to reach
a social cohesion and inclusion of vulnerable groups;
moreover, it aimed to enhance the role of PA in edu-
cating and training and to stress the concept of public
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health through PA, to increase the rates of participation
in sports and to set up a European network to promote
sport as a health-enhancing method. The second part of
the White Paper focused also on the economic dimen-
sion of sport, emphasizing the contribution given by PA
as a growth and job creation in the European context.

Then, the Commission monitored the progresses of all

the initiatives with a structured dialogue in which the

sport organizations were involved.

First of all, the indications concerning the minimum
levels of PA recommended by the WHO were clarified:
minimum 30 minutes of moderate PA per day for adults
and 60 minutes for children. Public authorities and pri-
vate organizations in the MSs should all contribute to
achieving this goal, but generally, no progress worthy of
note has been shown.

Therefore, the White Paper foresaw the following ac-
tivities:

a) The Commission proposed to develop new guide-
lines on PA before the end of 2008. It recommended
strengthening cooperation at ministerial level be-
tween the health, education and sport sectors in the
MSs to define and implement consistent strategies
to reduce overweight, obesity and other health risks.
In this context, the Commission encouraged MSs to
examine how to promote the concept of active life
through national education and training systems, in-
cluding teacher training.

b) The Commission committed itself to supporting a
European network of PA for the benefit of health
(so-called HEPA activity: Health-Enhancing Physi-
cal Activity).

¢) The Commission had set itself the goal of making
“physical activity for the benefit of health” a refer-
ence point for its sports-related activities and sought
to better take into account this priority in the rel-
evant financial instruments, which included: the 7+
Framework Program for research and technological
development lifestyle aspects of health; the public
health program 2007-2013; the youth and citizen-
ship programs (cooperation between sports orga-
nizations, schools, civil society, parents and other
partners at local level); the lifelong learning program
(teacher training and cooperation between schools).

2009: The Lisbon Treaty

The 2007 White Paper on Sport and the related
“Pierre de Coubertin Action Plan” launched in 2008
were of fundamental importance for laying the foun-
dations for an EU sport policy and also if the treaties
do not provide for a specific legal competence in sport
matters before 2009, with the Lisbon Treaty the EU has
acquired a specific competence in this area [60].

The EU became responsible for developing policies
based on concrete elements, as well as promoting co-
operation and managing initiatives to support PA and
sport in Europe. Article 6 (e) of the Treaty on the Func-
tioning of the European Union (TFEU) stated that the
EU has power to carry out actions to support or supple-
ment the action of MSs in the field of sport, while ar-
ticle 165 contains the detailed aspects of sport policy:
“The Union shall contribute to the promotion of Euro-

pean sporting issues, while taking account of the spe-
cific nature of sport, its structures based on voluntary
activity and its social and educational function”. Article
165 (2) aims to develop “the European dimension in
sport, by promoting fairness and openness in sporting
competitions and cooperation between bodies respon-
sible for sports, and by protecting the physical and mor-
al integrity of sportsmen and sportswomen, especially
the youngest sportsmen and sportswomen”.

Given its many benefits, the attention at European
level towards the promotion of PA has grown more and
more, and the Lisbon Treaty has provided the legal ba-
sis for the EU to require the development of European
dimension in sport and the promotion of sports issues
at European level.

2010: The Toronto Charter for Physical Activity

In 2010 another fundamental Paper has been pub-
lished: the “Toronto Charter for Physical Activity: a
global call for Action”, which raised the awareness of
the national, regional and local decision-makers in the
importance of promoting PA [61]. The Toronto Char-
ter was written in 2010 by the International Society
for Physical Activity and Health (ISPAH), a group of
experts from the Global Advocacy for Physical Activ-
ity (GAPA), and then integrated in 2011 by “The best
investments for Physical Activity” document; it became
the worldwide reference text for the promotion of PA
and defined a set of individual and social spheres of
action in which to invest to obtain a more active and
therefore healthier life. From 2011, all the organizations
and individuals interested in promoting PA used this
Charter to raise awareness and bring together decision-
makers at national, regional and local levels in achieving
a shared goal. These organizations include the health,
transport, environment, sport and leisure time, educa-
tion and urban planning sectors, as well as public ad-
ministration, civil society and the private sector.

The Toronto Charter has identified and proposed,
based on the most up-to-date scientific evidence, four
fundamental action areas:

a) implement a policy and an action plan at national
level;

b) introduce policies that support PA (from urban
transport to communication campaigns, through sport
and education);

c) redirect services and funding to give priority to PA
(workplaces, green spaces, health, etc.);

d) develop partnerships for action (intersectoral
working groups, collaborations between profit and non-
profit organizations, etc.).

The four actions are based on guiding principles, and
invite all countries, regions and communities to urge
greater political and social commitment to enhance the
importance of PA and improve the health of all.

Recommendations and strategies in Italy

Italian strategies are in line with WHO Action plans
and the EU policies. All initiatives take into account
health determinants conditioning lifestyle and aim to
realize effective actions of health promotion with an in-
tersectoral and integrated approach.
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Since 2007 the action plan Guadagnare salute: ren-
dere facili le scelte salutari (Gaining health: encouraging
healthy choices) has been put into practice [62]. The
plan is an integral part of the chronic disease preven-
tion and control strategies for the “gaining health”, pro-
moted by the WHO in 2006. The main objectives are to
prevent and change unhealthy conducts which are the
main risk factors for non-communicable diseases with
the highest epidemiological relevance and strongest
impact on public health: cardiovascular diseases, can-
cer, diabetes mellitus, chronic respiratory pathologies,
disorders of the muscle-skeletal and gastro-intestinal
system, mental health problems. The initiative relies on
the promotion of healthy choices and correct lifestyles
(stop smoking, follow a correct diet, limit the alcohol
intake and exercise regularly). Moreover, this supports
local sanitary authorities in the implementation of the
National Prevention Program (Piano Nagzionale della
Prevenzione 2014-2018), which aims to increase the
prevalence of physically active adults (+30%) and peo-
ple aged >64 (+15%) (www.salute.gov.it/portale/temi/
p2_6.jsp?id=456&area=stiliVita&menu=attivita).

INTERVENTION PROJECTS

The introduction of legislative initiatives on sport
and PA confirms the increase in global interests about
this topic, with reference to the possibility of achieving
improvement in the quality of life through the practice
of PA and sport. This process has created the ideal ba-
sis for establishing real intervention programs whose
main purpose is the promotion of PA to obtain a better
health status.

Among the interventions, we find both initiatives
mainly addressed to the sport field and initiatives fo-
cused on “PA for health”.

Erasmus+ (2014-2020)

Sport is an integral part of the Erasmus+ program,
the EU program for education, training, youth and
sport starting in 2014. In accordance with one of the
new elements introduced in the Lisbon Treaty, Eras-
mus+ supports activities aiming at developing the Eu-
ropean dimension in sport. The Programme promotes
the creation and development of European networks,
providing opportunities for cooperation among stake-
holders and the exchange and transfer of knowledge
and know-how in different areas relating to sport and
PA. The Programme intends promoting mobility op-
portunities for students and staff at various levels of
education and for youth workers, by giving financial
support to people submitting project proposals. In the
2014-2020 period, and for the first time, a budget line
specifically dedicated to support projects and networks
in the sports sector within the Erasmus+ program was
made available. Almost 2% of the annual budget of the
Erasmus+ program was dedicated to sport related ac-
tivities, with the aim of supporting collaborative part-
nerships and non-profit European sporting events.

A particular initiative within this project is the “Eu-
ropean Sport Week”. This was proposed in the 2012
Resolution of the European Parliament following the
dramatic data emerged from the above mentioned Eu-

robarometer. Each year, the EU promotes the Europe-
an Sport Week with initiatives at EU, national, regional
and local level to raise public awareness of the benefits
of physical exercise for health. In general, such projects
must lead to increased levels of participation in sport
and the Erasmus+ Sport program will help develop the
European dimension of sport by improving cooperation
between sport organizations, public administrations
and other interested parties.

Moreover, the network of Erasmus students annu-
ally organizes the International Erasmus Games (IEG).
Countries send teams of Erasmus+ students to partici-
pate in sports competitions. In local and national quali-
fying rounds, teams from different cities, made up of
friends of different nationalities, compete for the honor
of representing the host country.

EU work plan for sport (2017-2020)

The EU work plan for sport is the most important
document of the European sport strategy. The first plan
was adopted by the Council in 2011 and the second in
2014. The 2014-2017 program contained three priori-
ties: the integrity of sport, its economic dimension and
the relationship between sport and society. To address
these priority issues, the MSs and the Commission have
set up five expert groups in the following areas: match-
fixing, good governance, the economic dimension of
sport, healthy physical activity (HEPA) and human re-
source development in sport.

On 23 May 2017, the Education, Youth, Culture and
Sport Council in the sport session adopted the new
EU work plan for sport (2017-2020). Under this plan,
the Commission organized a forum of experts who dis-
cussed the general objectives previously analysed in the
2014-2017 program:

- integrity of sport, in particular promoting good gover-
nance including the safeguarding of minors, the speci-
ficity of sport, combating corruption and match fixing,
as well as fighting doping;

- the economic dimension of sport, in particular innova-
tion in sport, and sport and the digital single market;
- sport and society, in particular social inclusion, the
role of coaches, education in and through sport, sport
and health, sport and environment and sport and me-

dia, as well as sport diplomacy.

Although this Plan focuses more on strictly sports is-
sues, it is worth highlighting that there is always a part
dedicated to the health aspects of the practice of sport
exercise.

Health 2020

“Health 2020” is a European policy model developed
by the WHO through a long two-year consultation pro-
cess and was adopted by the 53 MSs of the Region dur-
ing the Sixty-second session of the Regional Committee
for Europe of the WHO in September 2012 [63].

It is an important reference tool for implementing
national, regional and local policies that are in harmony
and in synergy, taking into account the specificities of
the territories and social contexts.

Health 2020 “significantly improve the health and
well-being of populations, reduce health inequalities,
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strengthen public health and ensure people-centered
health systems that are universal, equitable, sustainable
and of high quality”.

The document focuses on the main health problems
and identifies four priority areas of political action:1.
Investing in health through a life-course approach
and empowering people; 2. Tackling the Region’s ma-
jor health challenges of non-communicable and com-
municable diseases; 3. Strengthening people-centered
health systems, public health capacity and emergency
preparedness, surveillance and response; 4. Creating re-
silient communities and supportive environments.

As part of the primary prevention of diseases, efforts
in PA promotion through targeted interventions instead
of mass-media campaigns has been highlighted in this
document. Environmental measures such as changes in
the transport system and the wider environment can be
put in place to promote PA: where there are public green
spaces and forests, people use them to walk, play, and
cycle, turning PA into an integral part of their daily lives.

Pbysical activity strategy for the WHO European
Region 2016-2025

This PA strategy was developed following the global
goals set by the WHO Global Action Plan for the Pre-
vention and Control of NCDs 2013-2020 [57].

The strategy is based on PA as a driving factor for the
health and wellbeing of the European Region, with par-
ticular attention to the incidence of NCDs associated
with insufficient levels of PA and sedentary behavior [58].
It covers all forms of PA practicable in the course of life.

The PA strategy aims to encourage governments and
stakeholders to work to increase the levels of PA prac-
ticed by all citizens of the European Region. Obtaining
a relative 10% reduction in the prevalence of insuffi-
cient PA by 2025 is one of the nine global goals. Indeed,
increasing PA levels is an important factor to obtain a
relative 25% reduction in early mortality due to cardio-
vascular diseases, tumors, diabetes or chronic respira-
tory diseases, to obtain a relative 25% reduction in the
prevalence of hypertension, and to stop the increase in
diabetes and obesity.

The second part of the document is dedicated to the
priority areas, objectives and intervention tools that “MSs
should consider developing or expanding, according to
national context, strategies and action plans to promote
PA”. A special reference is given to the need to work to-
gether: “MSs should promote alliances between govern-
ment, the media, civil society organizations and other
stakeholders, including, but not limited to, public health
and sports organizations and others, in order to promote
physical activity for health across the life course” [58].

WHO global action plan on physical activity 2018-
2030: more active people for a bealtbier world
Recently, the “WHO ¢global action plan on physical
activity 2018-2030: more active people for a healthier
world” has been published [3]. The aim of this docu-
ment is to ensure that all people have access to diverse
opportunities to be physically active in their daily lives
in a safe and enabling environment, resulting in an im-
provement of individual and community health and

contributing to the social, cultural and economic devel-

opment of all nations. The main target is to reduce a

15% of physical inactivity relative amount by 2030, us-

ing a baseline of 2016, in both adults and adolescents.

The document deals with various topics, divided into
four main objectives to be pursued:

e create active societies: enhancing the knowledge and
the understanding of, and appreciation for, the mul-
tiple benefits of regular PA and structured exercise,
with the aim to create positive social norms and at-
titudes in all of society;

e create active environment: having equitable access
to safe places and spaces in cities and communities
dedicated to regular PA, by policy action addressing
the need to create supportive spaces and places that
promote and safeguard the rights of all people;

e create active people: helping people of all ages and
abilities — individuals, families and communities — to
engage in regular PA, outlining the multiple settings
to increase programs and opportunities;

e create active systems: increasing PA and reducing sed-
entary behavior through policy actions that outline the
investments needed to strengthen the systems neces-
sary to implement effective international, national and
subnational action. These actions address governance,
leadership, multisectoral partnerships, workforce capa-
bilities, advocacy, information systems and financing
mechanisms across all relevant sectors.

This document also describes 20 evidence-based pol-
icy actions, recommended to achieve these four objec-
tives. For example, to increase knowledge and skills re-
lated to the roles of professionals, it has been proposed
to strengthen pre- and in-service training, within and
outside the health sector, creating inclusive, equitable
opportunities for an active society regarding transport,
urban planning, education, tourism and recreation,
sports and fitness.

The priorities to create an active environment are
aimed to improve the integration of urban and trans-
port planning policies (walking and cycling network in-
frastructures), as well as the access to good-quality pub-
lic and green open spaces, green networks, recreational
spaces and sports amenities by all people.

The societies and environmental modification will
lead to the creation of active people, by strengthen pro-
vision of good-quality physical education and more pos-
itive experiences and opportunities for active recreation
and sports. Moreover, the goal of future society is the
implementation of systems of patient assessment and
counseling on increasing PA and reducing sedentary
behavior, as well as the establishment of prescription of
structured exercise in health care services for patients
with a history of cancer, diabetes and cardiovascular
diseases [64-67].

Finally, this document underlines the importance
of policy frameworks, leadership and governance sys-
tems, at the national and subnational levels, to support
implementation of actions aimed at increasing PA and
reducing sedentary behaviors at a multisectoral level. In
the Appendix 2, the recommended specific roles for the
WHO Secretariat, WHO MSs and other stakeholders
to support implementation are outlined for each action.
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CONCLUSIONS

It is well known that PA is a powerful tool for the
prevention of non-communicable diseases, through
reduction of main risk factors, and the support and
improvement of psycho-physical well-being and qual-
ity of life.

International recommendations about PA for health
[2], taken up by the Action Plan for the Prevention and
Control of Noncommunicable Diseases in the WHO
European Region 2016-2025, are an important refer-
ence point for each MS. PA recommended levels can
be easily obtained in everyday life (at school, at home,
at recreational and working environments). However, in
order to support change, increasing levels of physical
activity in the population demands a multisectoral and
multidisciplinary approach. This issue has been recently
enphasized by the WHO Regional Office for Europe
[68], which recognized the importance of multisectoral
and intersectoral actions for improved health and well-
being for all. This kind of collaboration should involve
different figures, at national, regional and local levels,
without forgetting international networks (i.e. WHO
European Healthy Cities Network and the Regions
for Health Network): policy-makers, civil society, the
health sector, media, etc. Moreover, the WHO also
gave practical indications, as town planning to ensure
accessible and safe walking and cycling, active trans-
port, intervention in workplaces and schools, providing
advice or counsel in primary care, creating social net-
works to encourage PA [2].

Other supporting activities for PA promotion include
regulations and strategies to modify living environ-
ments, to assign specific economic funding, to activate
useful collaborations.

Such strategies and health policies not only respond
to the need of reducing the burden of disease of non-
communicable diseases, but also contribute to reducing
sanitary costs. Indeed, an increase in people PA levels
could remarkably reduce costs for the National Health
Services.

It is therefore necessary to include prevention strate-
gies based on the practice of PA in governmental in-
terventions made by the global, European, state and
local organizations. All these levels must operate in a
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Abstract

Introduction. Hyperinvasive strains of Neisseria meningitidis serogroup C have caused
outbreaks of severe disease in Italy. Here, we report the analysis of the migration pat-
terns of C:P1.5-1,10-8:F3-6:ST-11(cc11) meningococcal strains from different Italian
regions collected between 2012 and 2017.

Methods. N. meningitidis genomes were sequenced through the whole genome sequenc-
ing (WGS) method and were analyzed using the BIGSdb Genome Comparator tool.
The phylogeography was performed using BEAST. The gene flows in Italy were tested by
using MacClade.

Results. The C:P1.5-1,10-8:F3-6:ST-11(cc11) hyperinvasive meningococcal strain, for
the data available at the time of the analysis, from UK reached at first Emilia Romagna
region, and then, in 2012, was detected in the outbreak occurred in the port of Livorno.
The “Tuscany-outbreak strain” was likely introduced in Italy between 2013 and 2014. Most
of the observed gene flow events occurred from the Center to Northern part of Italy.
Discussion. The phylogeographic analysis allowed to track the dissemination of C:P1.5-

Key words

public health
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disease
phylogeography
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1,10-8:F3-6:ST-11(cc11) strains in the country.

INTRODUCTION

Neisseria meningitidis is still cause of epidemic and
outbreak with a high case fatality rate [1]. Molecular
epidemiology has provided clear observational evidence
for an association between specific bacterial genotypes
(hyperinvasive lineages) and invasive meningococcal
disease (IMD) [2]. In particular, serogroup C strains
have been a common cause of IMD outbreaks in Eu-
rope, some of them belonging to hypervirulent clones.

Rapid and early detection of outbreaks is critical to
guide prompt and appropriate public health interven-
tions to control the outbreaks and prevent additional
cases. Molecular typing has played an important role in
outbreak investigations, identifying outbreak strains by
assessing their genetic relatedness, and providing evi-
dence to understand the chain transmission and linkage.

The rapid turnaround time and availability of auto-
mated whole genome sequencing (WGS) analysis is,
nowadays, in the routine use for outbreak investigation
and surveillance of IMD [3-5].

In a previous paper [6] we identified the pattern of
dispersal of hyperinvasive strains of serogroup C me-

ningococci in a large geographical area and the routes
leading to their introduction in our Country.

The present study was then planned to decipher the
sequence information of the complete genome of cir-
culating meningococci of serogroup C isolated in Italy
from 2012 to 2017. In particular, an extensive compara-
tive genomic analysis was carried out for identifying the
unique features and for phylogeography on strains be-
longing to C:P1.5-1,10-8:F3-6:ST-11(cc11) through the
Italian regions.

METHODS
Setting, whole genome sequencing and pbylogenetic
dataset

In this study, 63 genomes of meningococci of sero-
group C collected at the National Reference Laboratory
(NRL), in the frame of the National IMD Surveillance
System at the Italian Institute of Public Health (Isti-
tuto Superiore di Sanita, ISS), from January 1st 2012
to December 31st 2017 were analyzed. Sixthy-one of
them belonged to C:P1.5-1,10-8:F3-6:ST-11(cc11) and
two to C:P1.5-1,10-8:F3-6:ST-2780(cc11). The whole
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genome sequences were previously performed with the
[llumina MiSeq platform (kit v3, 600 cycles), according
to the procedure previously described [7]. The phylo-
genetic dataset, ranging from 2007 to 2017, comprised
the 63 N. meningitidis genomes from Italy (collection
dates ranging from 2012 to 2017), together with 70
C:P1.5-1,10-8:F3-6:ST-11(cc11) genomes from other
countries (acting as reinforcement isolates for Bayesian
analysis), and were compared using the BIGSdb Ge-
nome Comparator [8], through the gene-by-gene anal-
ysis. The genomes were analyzed by the core genome
MLST (cgMLST), in the PubMLST Neisseria website
[9], and the core genome has been generated [8]. The
sampling administrative regions of the sixty-three Ital-
ian isolates were: Tuscany (n= 29), Lombardy (n=13),
Liguria (n=2),Veneto (n=1), Lazio (n=2), Trentino
(n=1), Emilia-Romagna (n=6), Piedmont (n=3), Apu-
lia (n=3), Sardinia (n=1), Marche (n=1) and Basilicata
(n=1).

Pbylogenetic analysis

Core Genome Recombination analysis was per-
formed with BratNextGen (BNG) [10] in the aligned
core genome of the N. meningitidis dataset to obtain
recombination-free input sequences for further phy-
logenetic analyses, as previously described [11-13].
Single-nucleotide polymorphisms (SNPs) were based
on the core genome shared by all the isolates. SNPs
were exported as variable sites using MEGA, remov-
ing SNP sites with ambiguities, missing data and gaps
[14]. The SNPs introduced by putative recombination
events were removed. The evaluation of the best fitting
model of nucleotide substitution was performed with
the JModeltest [15, 16]. The phylogenetic signal was
investigated by using Treepuzzle, with the likelihood
mapping analysis using 10,000 random quartets [17]
to obtain a comprehensive picture of the phylogenetic
quality and to estimate the amount of phylogenetic in-
formation.

Evolutionary rate estimate and phylogeography

In order to investigate the phylogeography, including
evolutionary rate and dates estimates of the N. menin-
gitidis dataset, a Bayesian Markov Chain Monte Carlo
(MCMC) method implemented in the BEAST soft-
ware [18], with the GTR model, previously estimated,
was used. Alternative clock models (strict and relaxed
clock with an uncorrelated log normal rate distribution)
and demographic models (constant population size,
exponential growth, non-parametric smooth skyride
plot Gaussian Markov random field, GMRF, and non-
parametric Bayesian skyline plot, BSP) were tested, on
the filtered core genome SNPs alignment, accounting
for invariant sites. The Bayes factor (BF, using marginal
likelihoods) tests were used to compare the models and
to estimate the best fitting, as previously described [19];
only values of 2Iln BF>6 were considered significant.
Chains were conducted until convergence was reached
and assessed by calculating the effective sampling size
(ESS) for each parameter. Only parameter estimates
with ESS’s of >200 were accepted. Uncertainty in the
estimates was indicated by 95% highest posterior den-

sity (95% HPD) intervals. The continuous-time Markov
chain (CTMC) process over discrete sampling locations
in the BEAST software [18], with Bayesian stochastic
search variable selection (BSSVS) model was used for
the phylogeographic inference. The maximum clade
credibility (MCC) tree (the tree with the largest prod-
uct of posterior clade probabilities) was summarized
with Tree-Annotator, after a 10% burn-in. The final tree
was manipulated in FigTree [20] for display purpose.
Statistical support for specific clades was assessed by
the posterior probability (pp>0.90). The analysis and
visualization of the different aspects of the phylogeo-
graphic diffusion was performed with Spread [21]. The
temporal dynamics of the spatial N. meningitidis diffu-
sion were provided by snapshots-maps of the dispersal
pattern by Google Earth [22].

Gene flow and migration analysis

The Mac Clade version 4 program (Sinauer Associ-
ates, Sunderland, MA) was used to test gene out/in
flow in Italy, among N. meningitidis infected subjects,
using a modified version of the Slatkin and Maddison
test [23]. A maximum likelihood (ML) tree was built
by using the Phyml [24] with the GTR model and
used as starting tree for this analysis. A one-character
data matrix was obtained from the dataset by assign-
ing to each taxon in the tree a one-letter code indicat-
ing its own sampling location, according to three dif-
ferent geographic groups: A: Northern Italy including
the following regions: Lombardy, Liguria, Piedmont,
Veneto, Trentino Alto Adige; B: Central Italy including
Emilia-Romagna, Lazio, Marche, Tuscany (also includ-
ing the isolates from Livorno’s port); C: Southern Italy
including Basilicata, Apulia and Sardinia. The putative
origin of each ancestral sequence (i.e., internal node)
in the tree was inferred by finding the most parsimo-
nious reconstruction (MPR) of the ancestral character.
The final tree length, that is the number of observed
gene flow events in the genealogy, can easily be com-
puted and compared to the tree-length distribution of
10,000 trees obtained by random joining-splitting (null
distribution). Observed genealogies significantly short-
er than random trees indicate the presence of subdi-
vided populations with restricted gene flow. The gene
flow among the different geographic groups (character
states) was traced with the State changes and stasis tool
through the Mac Clade software [23], which counts the
number of changes in a tree for each pair wise character
state. When multiple MPRs were present, the algorithm
calculated the average migration count over all possible
MPRs for each pair.

RESULIS
Evolutionary rate and Bayesian phylogeography.
After removing the SNPs introduced by recombi-
nation, the phylogenetic signal was assessed by like-
lihood mapping analysis which indicated <30 % of
“noise”, meaning sufficient phylogenetic signal. The
Bayes factor tests indicated that the relaxed clock fitted
the data significantly better than the strict molecular
clock (relaxed vs strict 2ln BF=226,754 in favor of the
relaxed). The BF comparisons showed that, under the
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relaxed clock, the demographic BSP model fitted the
data significantly better than the other models (BSP
vs exponential 2ln BF=38.326, BSP »s constant 2 In
BF=68.558, BSP vs GMRF 2In BF=732.512). Under
the selected relaxed BSP model, the estimated mean
value of the evolutionary rate was 3.1x 10 substitutions
per site per year (95% HPD, lower value, 2.4x10°-95%
HPD upper value, 3.8x10°¢).

The phylogeographic analysis (Figure 1), showed that
the root of the tree dated back to the year 2005 (95%
HPD: 2002-2007) and most probably originated in UK
(sp=0.95). Six cluster (I, II, III, IV, V, VII) and a main

clade (VI), all statistically supported, were identified
(tMRCA and most probable location reported in Table
1). The information regarding the isolates included in
this study is available as Supplementary Material Table
18S.

The main clade (VI) included the majority of isolates
(Figure 1), dated back to 2007 (95% HPD: 2006-2010)
and showed two distinct introductions, with strains seg-
regating in sub-clade VI a and VI b. The sub-clade VIa,
which was dated back to 2008 (95% HPD: 2007-2011),
included two isolates from the UK, two from Emilia-
Romagna, and four isolates from the Livorno’s port out-

location
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France

B United Kingdom
Ireland
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Figure 1

Bayesian phylogeographic tree of N. meningitidis strains belonging to the phylogenetic dataset. The scale axis below the tree
showed the time (years) before the present. Main statistically supported clade and cluster were indicated. The * along the branch
represents significant statistical support for the clade subtending that branch (posterior probability > 90%). Geographic locations
were shown with different colors in the tree and reported as legend.
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break. The four isolates from the port of Livorno ship
outbreak occurring in 2012 were closely related to each
other, as previously described [25], dated to 2011 (95%
HPD: 2011-2012). The sub-clade VIb, dated to 2011
(95% HPD: 2009-2011), originated from UK (sp=0.99)
and included European strains intermixed with Ital-
ian isolates from different regions (Tuscany, Piedmont,
Veneto, Sardinia, Emilia-Romagna, Lombardy, Marche,
Apulia, Lazio, Basilicata, Liguria) (Figure 1). Eight sta-
tistically supported internal clusters, dating from 2013
to 2015, were identified (VIb | - VIb ,,, Figure 1, Table
1). All the isolates belonging to the “Tuscany-outbreak
strain” were included inside VIb, (Figure 1, highlighted
by a full triangle), some of them segregating in statisti-
cally supported clusters. The “Tuscany-outbreak strain”
was likely introduced in Italy between 2013 and 2014.
The two ST-2780 Italian meningococci (ID code 142 and
145) from Tuscany appeared closely related inside clus-
ter VI by, together with two Italian meningococci (ID
code 184 and 148) collected respectively from Tuscany
and Veneto regions in the same time period (year 2015).

Temporal dynamics of spatial diffusion

The spread of the hyperinvasive C:P1.5-1,10-8:F3-
6:ST-11(cc11) meningococcal strains isolated in Italy
over time, obtained from the location annotated MCC
tree, indicated that starting from 2011 meningococci
from UK reached at first Emilia Romagna region (Sup-
plementary Material: Figure 1S A, panel a). By 2012,
C:P1.5-1,10-8:F3-6:ST-11(cc11) meningococci from
UK reached the port of Livorno causing a small out-
break, and subsequently, another migration occurred
from UK to Lombardy (Supplementary Material: Figure
1S A, panel b). A spread from Lombardy to Marche and

Table 1

from UK to Lazio occurred by 2013 (Supplementary
Material: Figure 1S A, panel c). Subsequently, waves of
migration from UK to Tuscany (Supplementary Material:
Figure 1S A, panel d), from Tuscany to Lombardy, and
from UK to Apulia (Supplementary Material: Figure 1S
A, panel d) were observed. By 2014 (Supplementary Ma-
terial: Figure 1S A, panel ¢), flows from France to Tren-
tino Alto Adige, from Tuscany to Liguria, and from Tus-
cany to Sardinia probably occurred. By the beginning of
2015, C:P1.5-1,10-8:F3-6:ST-11(cc11) meningococci
probably continued to spread from Tuscany to Veneto,
from Tuscany to Piedmont, from Tuscany to UK, from
Tuscany to France (Supplementary Material: Figure 1S
A, panel f). Between the end of 2015 and the begin-
ning of 2016, a strain from Tuscany probably reached
Basilicata. The most frequently invoked and supported
links, involving Italian regions and foreign countries,
were those between Slovenia and Sardinia, Slovenia and
Marche, Slovenia and Piedmont, Slovenia and Basili-
cata, Sardinia and South Africa, Sardinia and Sweden,
South Africa and Marche, Marche and Sweden, South
Africa and Piedmont, South Africa and Basilicata, Pied-
mont and Sweden, Sweden and Basilicata (Supplemen-
tary Material: Figure 1S B). The most frequently invoked
and supported links between Italian regions were, those
between Apulia and Basilicata, Sardinia and Marche,
Sardinia and Piedmont, Sardinia and Basilicata, Marche
and Piedmont, Marche and Basilicata, Piedmont and
Basilicata (Supplementary Material: Figure 1S B).

The gene flow analysis

The “null hypothesis” of panmixia (i.e., no popula-
tion subdivision or complete intermixing of sequences
from different geographic areas) was rejected by the

Time to the most recent common ancestor for the internal nodes, 95% highest posterior density estimates, the most probable

location and the state probability of the main clade and cluster

Clade and cluster tMRCA (years) 95% HPD Locality State probability
| 2013 2008-2013 United Kingdom 0.51
Il 2012 2011-2013 Slovenia 0.99
Il 2008 2006-2009 United Kingdom 0.31
% 2013 2012-2014 Sweden 0.54
V 2008 2006-2011 United Kingdom 0.95
Vi 2007 2006-2010 United Kingdom 0.99
VIa 2008 2007-2011 United Kingdom 093
Vib 2011 2009-2011 United Kingdom 0.99
Vibl 2015 2014-2016 [taly: Lombardy 0.99
VIibll 2014 2013-2015 Italy: Tuscany 0.99
Vib Il 2014 2013-2014 Italy: Apulia 0.99
Vib IV 2013 2012-2013 [taly: Lombardy 0.81
VIbV 2015 2014-2016 Italy: Tuscany 0.99
VIb VI 2015 2014-2015 Italy: Tuscany 0.99
VIib VI 2014 2014-2015 Italy: Tuscany 0.99
VIb VI 2014 2014-2015 Italy: Tuscany 0.89
Vil 2008 2006-2009 United Kingdom 0.99

tMRCA: time to the most recent common ancestor; HPD: highest posterior density.
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randomization test, (P <0.0001) [23]. The gene flow
analysis revealed that most of the observed gene flow
events (54.5%) occurred from the Center to North-
ern Italy; a lower proportion of gene flow (18.2%) was
identified from Northern to Center and from Center to
Southern Italy (18.2%) (Figure 2). Only 9.1% of gene
flow was observed from Northern to Southern Italy
(Figure 2).

DISCUSSION

Neisseria meningitidis represents a public health issue
globally [25-27] and a leading cause of morbidity and
mortality in all age groups [1].

In Italy, where serogroup C is the second most com-
mon meningococcus serogroup [28], the hyperinvasive
C:P1.5-1,10-8:F3-6:ST-11(cc11) strain caused several
IMD sporadic cases, clusters, and small outbreaks in
several regions, and a major outbreak in Tuscany in
2015-2017 [29]. In this study, a Bayesian MCMC
approach was used to define the epidemiological his-
tory and phylogeographic analysis of C:P1.5-1,10-8:F3-
6:ST-11(cc11) N. meningitidis isolates, circulating in dif-
ferent Italian regions, Moreover, the gene flow analysis
was used to test the amount of gene out/in flow in Italy,
among the different areas of the country.

The estimation of the rate of molecular evolution is
critical for understanding a variety of evolutionary and
epidemiological processes. In this study, we estimated a
mean evolutionary rate of 3.1x10° substitutions per site
per year (95% HPD: 2.4x10°-3.8x10°), which is com-
parable to those reported by Lamelas et al. 2014 [30] for
Neisseria meningitidis serogroup A strains (3.1x10¢; 95%
HPD: 2.30x10°-3.85x10*). Values of the same order

of magnitude were also reported in the literature [31]
for A. baumannii, with a value of 3.15x10° (2.34x10°¢
—4.44x10°), and for Staphylococcus aureus, which
showed a mean rate of 2.43x10% (1.14x10°-3.98x10%)
substitutions per site per year. The lowest estimates re-
ported in the literature [31, 32] were those of Klebsiella
pneumoniae and Y. pestis, with mean rates of 1.03x10°
(95% HPD: 8.09x107 to 1.24x10%) and 1.57x10%(95%
HPD: 1.03x10%-2.27x10°%) substitutions per site per
year, respectively.

The phylogeographical analysis suggested that
C:P1.5-1,10-8:F3-6:ST-11(cc11) N. meningitidis strains,
after accumulating by 2005 (95% HPD: 2002-2007) in
UK, probably spread a few years later to the locations
identified through the phylogeographic tree and diffu-
sion analysis [33]. C:P1.5-1,10-8:F3-6:ST-11(cc11) me-
ningococci most probably reached Emilia Romagna in
2011 (95% HPD: 2011-2012), and by 2012 was respon-
sible of an outbreak occurred in the port of Livorno.
The spatial diffusion suggested an intensification of the
migration pathway since 2013 and during the follow-
ing years towards several Italian regions. This finding
is consistent with epidemiological data reporting an in-
crease in the number of Men C IMD cases in Italy [29,
34, 35]. In the same time period, linkages and migra-
tion events were also identified between other foreign
countries and Italian regions, together with exchanges
involving only Italian regions. As recently described
[33] the outbreak occurred in Tuscany was probably
due to the introduction of the C:P1.5-1,10-8:F3-6:ST-
11(cc11) strain between 2013 and 2014 through a dis-
persal pattern originated from UK in 2011 (95% HPD:
2009-2011). The analysis of the diffusion rates allowed

a)

A B C

b)

From B

Google Earth, http://earth.google.com

Figure 2

a) Maximum parsimony migration patterns of N. meningitidis strains to/from different areas of Italy. The bubblegram shows the
frequency of gene flow (migrations) to/from different geographic areas, as the percentage of the total observed migrations esti-
mated from the maximum likelihood tree. A, Northern Italy; B, Center- Italy; C, Southern Italy.

b) Projections and reconstructions of the N. meningitidis gene flows on a geographical map made available from Google Earth
(http://earth.google.com; Google Earth Pro V.7.3.2.5491). The arrows indicate the gene flow to/from different areas of Italy (North,
Center and South), the thickness of the arrows is proportional to the amount of gene flow (migrations obtained with Mac Clade

software).
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to highlight both frequently invoked rates acting as
long distance connections and short distance linkages.
Focusing only on the migrations identified by phylo-
geography and most probably occurred between Italian
regions, most of the them regarded regions located in
the Center and in the North of the country. Other mi-
grations, probably involved the Center and the South of
Italy. Few connections were identified between North-
ern and Southern regions. Linkages were also observed
between regions located in the same geographic area.
For example, Basilicata region resulted connected with
Apulia located in Southern Italy, and with Sardinia. It
is worth to mention how the phylogeographic analysis
allowed to track the dissemination of the strains and
to identify the highly connected locations. To this pur-
pose, the migration patterns identified local and inter-
countries exchanges, probably explained by increased
mobility of affected population, attendance to places of
interconnection or crowded sites, close contacts with
carriers or symptomatic individuals.

In this study, we also reported for the first time the
gene flow analysis of C:P1.5-1,10-8:F3-6:ST-11(cc11)
N. meningitidis isolates, which is able to test the migra-
tions to/from different geographical areas. This analysis
identified the Center of Italy as a major source of dis-
semination, with a 54.5% of gene flows to the North.
Furthermore, as mentioned above, Central Italy
showed a significant flow (18.2%) to the South, sug-
gesting that C:P1.5-1,10-8:F3-6:ST-11(cc11) N. men-
ingitidis mainly expanded from the Center to the North
and, to a lesser extent to the South of the country. A
low proportion of N. meningitidis gene flow from the
North to the Center and to the South of Italy was also
identified. Overall, these data, even though obtained
by using a different methodology, confirm what previ-
ously observed using Bayesian phylogeography, which
also showed a greater number of migrations between
the Center and the North of Italy. Our data highlight-
ing the Center of Italy as a major source of dissemi-
nation, can be probably explained by the increased
number of meningococcal disease cases observed in
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Abstract

Objectives. In a period of important therapeutic changes in the field of haemophilia
care, we provide updated statistics on children with severe haemophilia (0-12 years of
age) in Italy.

Methods. Data presented are from the Italian National Registry of Congenital Coagu-
lopathies (NRCC) — survey 2017.

Results. Children with severe Haemophilia A (HA) were 242, those with severe haemo-
philia B (HB) 48. Prophylaxis was adopted in 92.1% of individuals with severe HA and
88.6% with severe HB. Thirty-nine children (14.8%) were on treatment for inhibitors.
FVIII prescribed to children with severe HA represented 11.1% of the total consump-
tion, of which 4.6% was extended half-life (EHL). FIX given to children with HB ac-
counted for 7.2% of the total FIX, of which 19.1% was EHL-FIX.

Conclusion. The paediatric population analysed is characterized by a great adherence
to therapy, so this data may constitute a benchmark for use of new, alternative therapies

Key words
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e treatment strategies

in the coming years.

INTRODUCTION

Haemophilias and von Willebrand’s Disease are the
most frequent congenital bleeding disorders. Haemo-
philia A (HA) and haemophilia B (HB) are character-
ized by the deficiency of one of the proteins involved
in blood clotting: factor VIII (FVIII) in HA and fac-
tor IX (FIX) in HB. Clinical picture in haemophilia is
classified in three main groups based on residual FVIII
or FIX coagulant activity: severe (<1% of normal activ-
ity levels), moderate (<5%) and mild (5-40%) [1]. Pa-
tients with severe haemophilia often have spontaneous
bleeds, above all haemarthrosis, chronic pain and im-
paired joint function [2], and are at risk of life-threat-
ening bleedings, most commonly in young children [3].
Patients with moderate or mild haemophilia usually
suffer from abnormal bleeding after trauma or surgery.

Rapid and reliable identification of these diseases is
important to allow the adoption of appropriate replace-
ment therapies based on plasma-derived or recombi-
nant FVIII and FIX concentrates that can be adminis-

tered for the treatment of a bleeding event (on demand)
or on a regular basis to prevent bleeding episodes (pro-
phylaxis). Although haemophilia is an inherited bleed-
ing disorder, about a third of cases of mild and mod-
erate HA and HB, almost half of cases of severe HB
and more than half of cases of severe HA are sporadic,
being the first occurrence in the family [4].

Children diagnosed with haemophilia need regu-
lar follow-up that, in Italy, is provided by the national
health system through the 54 Haemophilia Treatment
Centres (HTCs). In children with severe haemophilia,
prophylaxis today is considered the first-choice therapy
for reducing bleedings and preserving joint health [5-7].
Patients with haemophilia on prophylaxis require fre-
quent intravenous injections owing to the short half-life
of FVIII and FIX. In this light, over the last years a
new generation of coagulation factors characterised by
extended half life (EHL) has been developed for treat-
ment of patients with haemophilia. By reducing the fre-
quency of administrations, these products may, in the
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future, improve adherence to treatment and the quality
of life, especially in young patients [8].

Nowadays, an important issue in haemophilia treat-
ment remains the risk, especially in children, of the de-
velopment of neutralizing antibodies, or inhibitors, to
FVIII and FIX. In the literature, inhibitor development
is reported in about 30% of previously untreated indi-
viduals with severe HA [9] and in up to 10% of those
with severe HB [10].

Currently, the only known intervention to success-
fully eradicate inhibitors is immune tolerance induction
(ITI) that consists in the infusion of high doses of FVIII,
regularly administered for months or years [11, 12]. Pa-
tients with high-titre inhibitors also require treatment
with bypassing agents — activated prothrombin complex
concentrates (aPCC, FEIBA®) and recombinant acti-
vated factor VII (rFVIla, NovoSeven®) — which bypass
the role of the FVIIIa-FIXa complex within the clotting
cascade. Both, rFVIla and aPCCs, are effective for the
treatment of acute bleeds in haemophilia with inhibi-
tors [13]. Since the second half of 2018, another treat-
ment for HA subjects with inhibitors, emicizumab, an
antibody that bridges FIXa and FX mimicking the func-
tion of FVIII has become available in Italy [14].

The last annual survey of the Italian National Reg-
istry of Congenital Coagulopathies (NRCC), for the
year 2017, indicates that children <12 years of age with
severe haemophilia are about three-hundred. We have
addressed our study to the analysis of this paediatric
population because, in an age of important therapeutic
changes, it represents the population that can benefit
most from the recent innovations in haemophilia ther-
apy and, considering the great adherence to therapy in
this cohort of individuals, it can represent the bench-
mark for further management in the coming years.

In this paper, we provide information on this cohort
of paediatric individuals with severe haemophilia, as it
emerges from the Italian Annual Survey 2017. The fol-
lowing have been analysed: epidemiological data, treat-
ment regimens, treatment-related complications, and
concentrate consumption.

MATERIALS AND METHODS

The 54 Italian HTCs are coordinated by the Italian
Association of Haemophilia Centres (AICE) that de-
velops uniform therapeutic and diagnostic strategies
and contributes to data monitoring and transmission to
the NRCC.

The patients’ demographic and clinical data are re-
corded in a password-secured web-based platform,
managed by AICE and shared anonymously with the
Italian National Institute of Health for elaboration by
NRCC [15, 16]. Individual data are collected in accor-
dance with the current EU standards on privacy and
the subjects enrolled in the registry were asked to sign
a consent form to allow data collection for epidemio-
logical and clinical research purposes. A specific section
of the registry is dedicated to drug prescriptions. Data
are collected on the basis of the factor concentrate pre-
scriptions by the HTCs, mandatory for patients with
inherited bleeding disorders [16]. Data were analysed
by age groups (0-3, 4-6, 7-9 and 10-12 years of age).

The total of FVIII and FIX concentrate prescriptions
reflects the voluntary adhesion of each HTC to report
on the prescriptions in the registry database. We have
considered EHL recombinant products those that meet
the classification proposed by Mahlangu [17, 18]. In
2017 novel EHL available in Italy were: recombinant
FVIII and FIX fused to the Fc portion of human immu-
noglobulins (rFVIII-Fc, Elocta®, from the second half
of 2016; rFIX-Fc, Alprolix®, from 2017), recombinant
FIX fused to albumin (rFIX-FP, Idelvion®, from 2017)
and rFVIII-SingleChain (Afstyla®, available from the
second half of 2017).

Concentrates and bypassing agents utilized for inpa-
tients were not included in the study because data on
prescriptions are not available.

RESULTS
Epidemiology

The NRCC counted 542 paediatric individuals with
haemophilia: 435 with HA and 107 with HB, account-
ing for 10.4% and 11.9% of the total number of regis-
tered patients with HA and HB, in 2017. The severe
forms accounted for 290 individuals: 55.6% and 44.9%
of the total number of registered children with HA and
HB, respectively (Table 1).

Since the treatment of these patients started after the
introduction of recombinant products and the adoption
of robust methods for viral inactivation and highly sen-
sitive assays for testing plasma-derived products, none
of the patients, as expected, resulted positive to hepati-
tis nor Human Immunodeficiency Virus (HIV).

Data on HA and HB child patients were provided
from 48/54 HTCs; the six missing centres were non-
paediatric HTCs.

Home treatment

The assessment of treatment regimens for home
therapy was based on the HTC prescriptions to HA
and HB children for home treatment. As shown in
Table 1, prescriptions provided to the registry database
during 2017 covered almost all the patients with the
severe forms registered in this cohort, as high as 92.1%

Table 1
Children with haemophilia A and B, registered in the NRCC, as
of 2017

Pathology Children Children Coverage
registered with (%)

therapeutic
prescriptions

Severe 242 223 92.1

haemophilia A

Moderate 67 46 68.7

haemophilia A

Mild haemophilia A 126 47 na

Severe 48 40 83.3

haemophilia B

Moderate 22 16 72.7

haemophilia B

Mild haemophilia B 37 13 na

na: not applicable; NRCC: National Registry of Congenital Coagulopathies.
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Table 2
Children with severe haemophilia A and B registered in the
NRCC, as of 2017

Age Children Children with Coverage
group registered therapeutic (%)
prescriptions
Severe HA
0-3 59 58 98.3
4-6 48 44 91.7
7-9 65 59 90.1
10-12 70 62 88.6
Total 242 223 92.1
Severe HB
0-3 1 10 90.1
4-6 16 15 93.7
7-9 12 8 66./
10-12 9 7 77.8
Total 48 40 83.3

in the severe cases, but lower in the moderate forms
(68.7%). For HB the coverage was 83.3% for the severe
and 72.7% for the moderate form. Patients with mild
HA and HB rarely needed replacement therapy, espe-
cially those mild HA patients who can benefit for the
desmopressin. For this reason, we did not deem it ap-
propriate the analysis of replacement therapies in the
population of mild HA (Table 1). The analysis by age
groups showed that therapeutic prescriptions covered
more than 88% in all age groups of children, except in
the two oldest cohorts (7-9 and 10-12 years of age) of
children with severe HB (Table 2). The coverage differ-
ences were not statistically significant (Chi-square test,
p=0.2304).

Prophylaxis resulted the therapeutic regimen of
choice for 92.1% of children with severe HA and for
88.6% with severe HB. Details on therapeutic regimens

distinguished by age group are given in Table 3. Exclud-
ing the individuals with an inhibitor, the on demand
treatment was used (25.5% of the patients) only in the
0-3 years of age group with severe HA, while prophy-
laxis was the most widely used therapeutic regimen in
the other age groups of both severe HA and HB sub-
jects (more than 97.1% in HA and more than 83.3%
in HB). The mean annual amount of FVIII and FIX
prescribed for children with severe haemophilia in pro-
phylaxis, detailed by age group, is reported in Table 4.
The proportion of children switched to prophylaxis with
EHL-FVIII and -FIX was 10.3% and 29.0%, respec-
tively (Table 4). In severe HA children on prophylaxis,
plasma-derived FVIII concentrates were employed only
in 2.9% of the patients (5/174).

Treatment of inbibitor patients

During 2017, 39 individuals with severe haemophilia
were under treatment for inhibitors: 15.2% (n=34) of
children with severe HA and 12.5% (n=5) of those with
severe HB. The age distribution of these individuals and
the treatment regimens used are reported in Table 3.
Among the 34 children with severe HA, ITI alone was
used in 12 children (35.3%), and combined treatment
with bypassing agents and ITI was used in 10 children
(29.4%). The 5 individuals with severe HB and inhibi-
tors were treated with rFVIla alone.

Drugs prescribed for home treatment

The total amount of FVIII prescribed to children with
severe HA, was about 46,000,000 international units
(IU): 85.5% was conventional recombinant FVIII, 4.6%
EHL-FVIII and the remaining 9.9% plasma-derived
FVIII (Table 5). This value (46,000,000 IU) represents
11.1% of the FVIII prescribed to all individuals (adults
and children alike) with severe HA [16].

As for FIX, the total amount prescribed to children
with severe HB was about 3,400,000 IU, all in recom-
binant form: 80.9% conventional recombinant FIX and
19.1% EHL-FIX (Table 5). The prescription in the pae-

I:I::::eutic regimens used for children with severe haemophilia A and haemophilia B, as of 2017
Age group Children without inhibitor Children with inhibitor Total
Severe HA Prophylaxis On demand ITI ITI + aPCC aPCC and/or
and/or rFVila rFVila
0-3 38 13 2 3 2 58
4-6 33 1 4 5 1 44
7-9 50 = 5 1 3 59
10-12 53 1 1 1 6 62
Total 174 15 12 10 12 223
Severe HB Prophylaxis On demand ITI ITI + rFVIla rFVila
0-3 7 1 = = 2 10
4-6 10 2 = = 3 15
7-9 8 = = = = 8
10-12 6 1 = = =
Total 31 4 - - 5 40

aPCC: activated prothrombin complex concentrate; HA: haemophilia A; HB: haemophilia B; ITl: immune tolerance induction; rFVila: recombinant activated factor VII.
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.l:-/?ebz:: :nnual dose used by children with severe HA and HB in prophylaxis, as of 2017
Conventional FVIII EHL - FVIII
Age n Mean in Cl(95%) n Mean in ClI (95%)
group prophylaxis prophylaxis
(IU per pt) (IU per pt)
Severe HA 0-3 32 133,500 86,300 180,800 6 64,300 21,000 107,600
4-6 30 125,400 102,800 148,000 3 105,300 46,400 164,200
7-9 46 182,100 150,800 213,500 4 164,000 70,600 257,400
10-12 48 213,000 189,700 236,200 5 204,000 162,300 245,700
Total 156 170,800 154,400 187,300 18 132,100 94,000 170,300
Conventional FIX EHL - FIX
Severe HB 0-3 7 47,300 24,300 70,300 = = = =
4-6 8 110,700 83,100 138,300 2 53,000 51,000 55,000
7-9 3 117,000 73,900 160,100 5 93,400 72,300 114,500
10-12 4 168,000 84,700 251,400 2 100,000 92,160 107,800
Total 22 107,800 80,329 135,325 9 85,900 69,300 102,500

Cl: confidence interval; FVIII: factor VIII; FIX: factor IX; HA: haemophilia A; HB: haemophilia B; IU: international units; n: number; pt: patient.

diatric population accounts for 7.2% of the total FIX
prescribed to severe HB subjects [16].

The amount of bypassing agents prescribed to chil-
dren with inhibitors was ~3,500,000 IU of aPCC and
~7,700 milligrams of rFVIla.

DISCUSSION

In this article, we have described the epidemiologi-
cal data of the Italian children (<12 years of age) with
severe HA and HB and analysed the prescriptions of
FVIII and FIX concentrates in this age group as well as
the therapeutic regimens adopted.

A meta-analytic approach using national registries
from Canada, France and the United Kingdom report-
ed an overall prevalence of 6.0/100,000 males for severe
HA and 1.1/100,000 males for severe HB [19], similar
to that reported by the NRCC: severe HA=6.3/100,000
males and severe HB=1.1/100,000 males [16].

The prescriptions for home therapy in the 0-12 year
cohort, covered about 90% of children with severe HA

and severe HB registered in the demographic of the
same registry. This percentage, higher than that ob-
served in the total haemophilic population [16], indi-
cates a special attention to disease management and an
accurate involvement of parents for the management
and monitoring of children with severe haemophilia.
The coverage of the treatment prescriptions for the
moderate and mild cases was lower than that of severe
cases: this reflects the reduced demand for replacement
therapies in these paediatric subgroups as these indi-
viduals, particularly those with the mild forms, do not
require frequent treatment, namely because most of
those with mild HA respond to desmopressin [6].
Prophylaxis has gradually become the standard of
care in the developed world and, as expected, is largely
adopted in the children analysed in this study. Prophy-
laxis was less frequently adopted only in the 0-3 years
age group; this is probably due to the difficulty of ve-
nous access or because bleeds are relatively infrequent,
especially in the first year of age. The amount of FVIII

Factor VIl and factor IX usage in severe HA and HB children, by age group, regimen and concentrates, as of 2017

Table 5
0-3
FVIII for prophylaxis and on demand (IU) 4,728,250
FVIIT for [TI (IU) 2,668,000
Total FVIII (1U) 7,396,250
Plasma-derived FVIII 4.9%
Recombinant FVIII 89.8%
Extended Half-Life FVIll 5.3%
Total FIX (1U) 340,000
Plasma-derived FIX 0.0%
Recombinant FIX 100.0%
Extended Half-Life FIX 0.0%

4-6 7-9 10-12 Total
4,041,750 9,299,250 11,405,000 29,474,250
7,510,000 4,326,000 1,880,000 16,384,000

11,551,750 13,625,250 13,285,000 45,858,250
17.4% 11.1% 4.8% 9.9%
80.7% 84.1% 88.9% 85.5%

1.9% 4.8% 6.3% 4.6%
1,192,750 833,000 1,006,500 3,372,250
0.0% 0.0% 0.0% 0.0%
91.1% 47.5% 90.1% 80.9%
8.9% 525% 9.9% 19.1%

FVIII: factor VIII; FIX: factor IX; ITl: immune tolerance induction; IU: international units.
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and FIX concentrates prescribed in children with severe
haemophilia in prophylaxis, was similar to that reported
in France, Germany, Spain, the United Kingdom [20]
and Australia [21].

All Italian patients with severe haemophilia are regu-
larly monitored for the occurrence of inhibitor devel-
opment, as management of bleeding episodes in indi-
viduals with inhibitors is particularly difficult. Analysing
the therapeutic prescriptions, 15.2% of children with
severe HA and 12.5% of those with severe HB were
under treatment for inhibitors during the year 2017 and
the highest percentage of individuals treated for an in-
hibitor was in the 4-6 years of age group of severe HA
patients (22.7%).

The therapies offered to inhibitor children were ITI
and bypassing agents, according to the evidence pro-
vided by the medical literature that ITI is effective for
the inhibitor eradication and the proven efficacy of re-
combinant factor VIla and aPCC for the treatment of
bleeding episodes in haemophilia patients with inhibi-
tors [11-13].

The high prevalence of children with severe HA and
inhibitors on ITI (64.7%) indicates the popularity of ITI
in our country derived from the longstanding experi-
ence in this field and the overall success rate of 60-80%
[22, 23]. Since the second half of 2018, the Italian na-
tional health system provides another treatment for HA
patients with inhibitors, emicizumab, an antibody that
mimics the function of FVIII [14]. This product has
been shown to be safe and efficacious in reducing the
incidence of bleeding episodes in patients with inhibi-
tor to FVIII [24]. The benefits of inhibitor eradication
include the possibility to restore prophylaxis and to re-
duce the costs of the long-term inhibitor therapies. This
situation could be significantly affected by the availabil-
ity of emicizumab. Children with HB complicated by
an inhibitor respond less frequently to ITI and HB in
itself is a poor prognostic indicator of ITI success [25].
As a consequence, no one child with severe HB and an
inhibitor was treated with an ITI regimen during the
year 2017.

Recombinant factors were the most prescribed prod-
ucts in children with haemophilia: 90% in patients with
HA and 100% in those with HB. In over 20 years of
clinical trials and worldwide experience with recombi-
nant products, the transmission of infectious pathogens
was virtually eliminated and no increase in the inhibitor
occurrence in the treated haemophilia population was
observed. Recently, the introduction of EHL concen-
trates that facilitate prophylaxis and improve the qual-
ity of life, namely in children, has represented a major
breakthrough in haemophilia treatment [8]; especially
the EHL-FIX products reduce the frequency of in-
travenous infusions and are very effective, both in the
treatment and in prevention of bleeds [18]. For the first
time in 2017, the prescription of the EHL products was
reported in the NRCC as they were licenced in Italy at
the end of 2016.

The European Medicine Agency has recently licensed
emicizumab for severe HA patients without inhibitors
and the drug is presently undergoing evaluation by
the Italian Drug Agency (AIFA, Agenzia Italiana del

Farmaco) to make it available through the national
health system. Emicizumab requires dosing frequencies
significantly reduced in comparison to EHL-FVIII and
the advantage of the subcutaneous infusion makes the
drug substantially easier usage, especially in children.

CONCLUSIONS

We have analysed the data reported to the NRCC
with reference to the paediatric cohort of children with
severe haemophilia (0-12 years of age). This paediat-
ric population is characterized by a great adherence to
therapy so it may represent a benchmark for use of new
therapies, in the future.

In the time of important therapeutic changes in the
field of haemophilia care, the NRCC can represent a
powerful tool for the comparative evaluation of the ef-
ficacy of new drugs and for the assessment of their side
effects.
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Abstract

Background. Dermopigmentation, also known as medical tattooing, is a complemen-
tary technique in the reconstruction of the nipple-areola and an adjuvant procedure to
improve colour mismatch. In 2009, tattooing of the nipple-areola complex (NAC) was
introduced by Treviso Hospital through a project conducted in cooperation with the local | © scar
section of the Italian Anti-Cancer League (LILT).

Methods. From 2010 to 2016, 169 patients treated for breast cancer underwent der-
mopigmentation treatments. Patients were selected by the hospital plastic and breast
surgeons. Dermopigmentation was performed at the LILT (Lega Italiana per la Lotta

contro i Tumori, Italian Cancer League) facility following a specific procedure to ensure

safety. A sterile disposable surgical set was used.

Results. Of 169 patients treated in 309 treatment sessions, no serious complications

were reported after tattooing, with only three cases seen of minor complications. Pa-

tients expressed a high level of satisfaction (90%) with the aesthetic results.

Conclusion. The study found that dermopigmentation of the NAC is a safe approach,
providing benefits both to the patients and the hospital itself. Medical tattooing of the

NAC is a simple and safe nonsurgical technique that reduces missed workdays and in-

creases the time available for other commitments. This ultimately translates into savings

for society and the healthcare system.
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INTRODUCTION

Breast cancer is the most common tumour found
among women in Italy. In 2018, 52,800 new cases were
estimated, accounting for 29% of affected women [1].
Surgery is usually the initial treatment and, in the early
stages of the disease, conservative surgery associated
with radiotherapy has replaced radical mastectomy,
which is still the standard approach in more advanced
stages of the disease. When the mammary neoplasm
affects the tissue below the areola and/or invades the

surrounding skin, excision of the whole nipple-areola
complex (NAC) may be necessary [2], which seriously
compromises the aesthetic results of any subsequent
reconstruction. This may lead to a more severe psycho-
logical impact on the patient.

Considerable attention is now given to the likely psy-
chological reaction to the reconstruction of affected
areas. In order to improve outcomes, breast cancer in
Italy today is tackled by a multidisciplinary group un-
der the organizational structure of a dedicated breast
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centre. In this multidisciplinary specialist centre (called
the “Breast Unit” locally), experts from different back-
grounds work together to provide patients with custom-
ized treatment to successfully treat the disease and to
guarantee a satisfactory quality of life.

Reconstruction of the NAC after mastectomy is a
straightforward procedure from a technical point of
view, but its importance from an aesthetic perspective
[3] should not be underestimated. NAC reconstruction
can be performed with all types of reconstructive proce-
dures, and at any time following surgery. Studies have
shown that recreation of the NAC has a high correla-
tion with overall patient satisfaction and acceptance of
body image [4].

The evolution of NAC reconstruction started with
the initial description of the nipple-areola graft and la-
bial graft [5, 6]. Following this, Millard proposed the
nipple sharing concept, where the contralateral nipple
tissue was used as a composite graft for the reconstruct-
ed nipple [7].

These techniques were, to some degree, successful in
providing passable aesthetic results, but at the expense
of significant donor site morbidity [8, 9].

Dermopigmentation (medical tattooing) can be used
as a complement to reconstructive surgery [10, 11], and
is generally used to cover skin conditions and restore
the appearance of healthy skin.

Tattooing of the areola in post-mastectomy recon-
struction, initially introduced by Rees in 1975 and
Spear et al., is an important nonsurgical technique that
serves as an adjunct to areola reconstruction [12-14].

Recently, 3D dermopigmentation has become a tech-
nique of choice in the NAC reconstruction process; it
mimics the nipple-areola complex by means of defining
the areolar contour and Montgomery’s tubercles [15,
16].

As part of this approach, dermopigmentation is of-
ten used in NAC reconstruction as it is the easiest and
safest way to restore much of the appearance of the
original anatomy in women who have undergone mas-
tectomy [17, 18].

This tattooing technique is a simple, quick and safe
procedure which has achieved a high level of patient
satisfaction and can provide an excellent areolar colour
match with limited morbidity [19, 20]. As a result, the
aesthetic improvements obtained can reduce the psy-
chological impact of physical changes following surgery
[21].

In the province of Treviso, about 800 new cases of
breast cancer are reported each year. Since 2009, they
have been managed following the advice of a multidisci-
plinary team based at the dedicated unit (“Breast Unit”
of Treviso Hospital). In 2009, a project was launched to
introduce tattooing in the reconstruction of the nipple-
areola complex. This project resulted from the syner-
gy created between the multidisciplinary team of the
Operational Plastic Surgery Unit of the former Local
Health and Social Care Services Unit number 9 and the
Treviso section of the Italian Cancer League (LILT).

This dedicated breast unit was the first centre in Italy
to apply this technique, in 2010, and was the first to of-
ficially recognize the role of “dermopigmentators” in its

Diagnostic and Therapeutic Pathway for breast cancer.
A dermopigmentator is defined as a professional who
has been suitably trained to take part in a multidisci-
plinary team treating patients; he/she works by comply-
ing fully with a strict health and hygiene protocol speci-
fying the use of appropriate materials and equipment in
a suitable work environment.

Dermopigmentation is indicated for:

e tattooing of the nipple-areola complex, specifically
for correcting dyschromia due to surgery and correc-
tion of the newly reconstructed areola;

e cyebrow and infracillary eyeliner, known as Perma-
nent Make Up (PMU), which restores the effect of
eyebrows and eyelashes in patients with alopecia due
to chemotherapy;

e correction of scars due to demolitive surgery or the
camouflaging of scars due to surgery.

Since 2013, the Treviso team has been collaborating
with the Istituto Superiore di Sanita (National Institute
of Health, ISS). The latter contributed to the evaluation
and improvement of the medical tattooing procedure
used, under an agreement with the Italian Ministry
of Health that aimed to evaluate risks and benefits of
this type of treatment compared with the traditional
treatments. This cooperation started with the National
Centre ONDICO and is currently continuing with the
National Centre for Innovative Technologies in Pub-
lic Health (TISP Centre), which has carried out vari-
ous studies regarding the safety and the advantages of
medical tattooing.

This paper reports on the dermopigmentation of the
nipple-areola complex performed from 2010 to 2016 on
cancer patients treated in the specialist unit of Treviso
Hospital.

The aims of the project were to:

e improve breast aesthetics by creating, as far as possi-
ble, an areola and a nipple matching the contralateral
breast or its original appearance before surgery, thus
improving patients’ self-confidence;

e design a specific procedure to ensure the complete
safety of the patient;

e measure the levels of patient satisfaction with the re-
sults of the treatment received;

e assess the usefulness of dermopigmentation for pa-
tients;

¢ provide benefits both to the patients and the health
care unit.

MATERIALS AND METHODS

According to the diagnostic and therapeutic pathway
set down by Treviso Hospital's Breast Centre, tattoo-
ing is used after the completion of reconstructive sur-
gery; the Breast Centre laid down a detailed procedure
that establishes when and how to intervene. Patients
selected for dermopigmentation are chosen by the
plastic and breast surgeons. After careful assessment
of the patient’s medical history, they complete a form
authorizing tattooing. The following factors are taken
into consideration and assessed: original disease, type
of surgery and adjuvant therapies undergone by the
patient (chemotherapy, radiotherapy), general state
of health, administration of medication, allergies, and
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time lapse before tattooing can take place. In the case
of Treviso Hospital, dermopigmentation is performed
at least 6-12 months after the completion of breast re-
construction, which is enough time for the healing to
complete and for the breast to stabilize.

If no contraindication is found, consent for treatment
is given and a briefing with the professional in charge
of performing the tattoo is held. The plastic surgeon
presents the patient’s case and precautions to be taken
during the treatment. Before tattooing, the patient re-
ceives information about the treatment and the associ-
ated risks. The patient signs the informed consent form
to declare that she has fully understood the information
and suggestions received and commits to carefully and
strictly following the aftercare guidance. The patient
also reports any local or general diseases, anomalies in
the wound healing process, allergies and intolerances,
medical treatments in progress, and abnormal reactions
following previous tattooing or PMU treatments. She
also declares that she is not pregnant or breastfeeding.
Photographs are taken before and after the treatments.

Dermopigmentation is performed at the LILT facility,
in close cooperation with the Treviso multidisciplinary
team.

The training and professional experience of the op-
erator dealing with the medical tattoo are crucial. The
tattooing needs to be performed swiftly and with full
mastery of the dermograph, avoiding excessively stim-
ulating or inflaming the tissue as this may jeopardise
the patient’s general health. In addition, the pigment
should be injected at the right depth in the skin to avoid
excessive loss of colour.

For patients affected by dermatological problems
(e.g. a nickel allergy), a specific procedure is agreed
with the dermatologist. According to the procedure laid
down, the most suitable ink colours are selected and
the patient is referred to the dermatological unit where
the pigments’ safety data sheets and composition are

assessed to exclude the risk of specific reactions. If in
doubt, an allergological test is carried out. Upon com-
pletion of the investigations, the treatment can start, if
the medical opinion is favourable.

In the case of patients affected by psoriasis or condi-
tions likely to induce reactive isomorphism, treatment
modes are assessed on a case-by-case basis by the der-
matologist.

NAC tattooing is performed on cancer patients who
may present different degrees of immunodepression.
Thus, strict sterility applies both to instruments and de-
vices, and to the execution of the tattoo according to a
detailed procedure.

For that purpose, a sterile disposable surgical set has
been created to be used at the workstation. It is classi-
fied as a Medical Device and commonly referred to as a
“sterile field” (Figure 1), and includes:

e covering coupled sterile sheets (100x150 cm);

e cotton yarn 70 cm;

e camera protection cover 14x254 cm to cover the der-

mograph;

10 TNT bandages 10x10 cm with 4 layers;

2 chlorhexidine soaked wipes;

1 100 ml bowl;

1 coupled sterile sheet with adhesive holes (15 cm

diameter) 150x100 cm;

1 dermographic marker;

¢ 2 needles 21¢x10;

e Sterile transparent cover 50x60 cm for the dermo-
graph console and transformer;

e 1 tray 24x14x2,5 cm;

¢ 1 gown and towel for the operator;

¢ double sided adhesive tape 5x15 cm.

The sterile field is essential to avoid complications.

Pigments comply with specific product and process
requirements. In particular, pigments are:

e atoxic, hypoallergenic and compliant with the re-

quirements of ResAP 2008/1;

Figure 1

Example of a workstation and practice (sterile field set and disposable equipment).
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e disposable;

e manufactured in a sterile chamber with medical
grade water;

e sterilised at the end of the manufacturing process us-
ing Gamma rays;

e free from metallic impurities likely to cause complica-
tions during certain diagnostic tests.

Following research and study, pigments were care-
fully chosen according to their specific characteristics
to enable a selection of inks that could be well tolerated
by patients, while simultaneously serving their purpose.
The PMU colours commonly marketed are not specific
to NAC tattoos as they last for too short a time, thus re-
quiring retouching after a very short period (once a year
or every two years). This would cause excessive stress
to the skin that would in turn react with the formation
of scar tissue. Similarly, colours used for artistic tattoos
should not be used as their result is definitive and fi-
nal. Often, after 5 or 6 years (the average time between
retouches) the natural contralateral areola may change
in size and colour due to weight or hormonal changes
or other reasons. In such cases, retouching is needed
to adjust the result. The ideal pigments should be suf-
ficiently stable to enable intervention when deemed ap-
propriate to adjust colour and shape without creating
scar tissue.

Thus, inks have been selected keeping in mind that
their composition and molecular weight must not in-
terfere with diagnostic tests, as this could lead to false
positives or produce vibrations likely to interfere with
MRIs [22, 23]. Moreover, the inks used are made with
pigments having the same light fastness code to avoid
colour alterations following light exposure. Each batch
undergoes chemical and microbiological checks.

Stocks of inks and devices must be managed and
stored in sterile conditions during their shelf-life.

Special care is taken regarding the choice of the dilu-
ent used to create new shades. This diluent also needs
to be sterile, disposable and compatible with the formu-
lation of the pigment to be diluted.

Pigments are mixed in special sterile disposable ink
cups immediately prior to use.

Before starting, the expert consultant in medical
tattooing and the patient choose the colour that best
matches the contralateral NAC or her complexion and
carry out a test in front of the mirror to obtain a more
precise idea of the final result.

To create the same light and shade effects, the expert
in dermopigmentation takes pictures before treatment
(one in macro mode) of the natural nipple-areola com-
plex to be used as a reference during the execution of
the tattoo. The work carried out is photographed and
documented; a sterile silicon gauze soaked in vitamin E
is applied; and the tattooed area is covered with sterile
gauze and a cotton pad, both allowing transpiration.

The photograph, the adhesive labels for the inks, and
anything else needed to trace the materials used are at-
tached to the informed consent form which is put in the
patient’s records and filed for future use.

At the end of the treatment, the patient is taught the
correct aftercare procedure and given written self-care
instructions. The patient is instructed to ensure the tat-

too is kept well hydrated. For daily hygiene, the patient
is instructed to carefully wash the tattooed area with
lukewarm water and mild detergent and to delicately
dab dry. The patient is discouraged from visiting sau-
nas or Turkish baths or coming into contact with sea
or swimming pool water during the first 10 days, and is
advised to avoid intense physical activity likely to cause
excessive transpiration during the first week. Further-
more, during the first 15 days, the tattoo should not be
exposed to direct sunlight or sun lamps without using
full screen protection cream/lotion. Applying sunscreen
is also advisable after the said period to prevent photo-
sensitization and ensure the colour lasts longer.

The result is assessed after about two months and,
on that occasion, a second treatment may be decided
upon. A third treatment may be needed, particularly
when the original tattoo is more superficial in order to
avoid complications (i.e. if the skin is particularly sensi-
tive and thin, or if scars are very thick, or if the patient
is taking medication that slows down the ordinary heal-
ing process). In this case also, treatment will be per-
formed a minimum of two months after the previous
procedure.

Patients tattooed from 2010 to 2016 were asked to
rate their level of satisfaction regarding their dermopig-
mentation treatment in phone interviews conducted in
2017 by LILT volunteers. During the interview, patients
were also asked to rate the usefulness of the project that
enabled them to have medical tattooing, delivered ac-
cording to their needs, cost free, under the medical su-
pervision of the specialist.

To rate their satisfaction regarding the results of treat-
ment, the patients were asked to express their views by
selecting one of the following options: Very satisfied,
Satisfied, Not very satisfied, Dissatisfied.

To assess the usefulness of the project, the patients
were also asked to rate it by selecting one of the fol-
lowing options: Very useful, Useful, Neither useful nor
useless, and Useless.

RESULTS
From 2010 to 2016, Treviso Hospital operated on an

average of 300 breast tumour cases annually, of which

40% were mastectomies (approx. 120 patients). Of the

latter, the surgery involved the sacrifice of the NAC in

approximately 50 cases per year (a total of 350 cases
over the period).

In this period, 169 patients were treated using der-
mopigmentation. The number of sessions required to
achieve a satisfactory result ranged from a minimum of
1 to a maximum of 3 per patient, amounting to 309
treatment sessions in total (Table 1).

Treatments of various types were performed:

- tattooing of the NAC, with a surgically reconstructed
nipple;

- 3D tattooing with missing NAC;

- restoration of symmetry between NACs and/or re-
duction in differences in terms of position, shape, di-
mension, or colour.

Cases and figures are shown in Table 1.

In addition to medical tattooing performed as part
of breast reconstruction, the following treatments were
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Table 1

Number of sessions and treatments performed from 2010 to
2016 compared with the number of patients per type of treat-
ment

Number of treatment sessions required to achieve final
result

n. of patients n. sessions n. of treatments

treated performed

42 1 42

114 2 228

13 3 39

169 Total 309

Type of treatment

49 3D tattoo with missing NAC

110 NAC tattoo following nipple reconstruction
surgery

6 Tattoo to restore NAC symmetry

4 3D tattoo with missing NAC on one breast,
plus tattoo on surgically reconstructed
nipple on the other breast

169 Total

NAC: nipple-areola complex.

performed: 33 permanent makeup, scar camouflage,
and tattooing of the vitiligo of the NAC.

It should be noted that out of 169 treated patients,
two were affected by psoriasis, and 38 patients, one of
whom was allergic to nickel, had previously undergone
radiotherapy.

In one case, a patient who had to undergo tattooing
presented erythema and tenderness. She was therefore
referred to the dermatologist who diagnosed erysipelas.
Tattooing was postponed for three months, accompa-
nied by appropriate prophylaxis. The area tattooed sub-
sequently healed without complications.

Complications
Of 169 treated patients, no serious complications or

toxicity were reported after tattooing.
In three cases, there were minor complications:

¢ One patient reported altered sensitivity and localized
soreness, which the dermatologist diagnosed as dys-
esthesia due to irritation of the scar. These symptoms
completely resolved after 3 weeks of physiotherapy.

¢ One patient who received a tattoo on a labia majora
skin graft displayed small areas of skin abrasion cov-
ered by tiny scabs that lasted for about 10 days (on
average, small scabs remain for 5/6 days, so in this
case the healing process was slower). The clinical pic-
ture resolved completely after topical treatment of
tetracycline medicated cream;

¢ One patient reported an allergic reaction that was re-
solved with topical cortisone treatment.
No treated patients showed late sequelae.

Satisfaction level
At a later stage, the 169 patients who underwent der-
mopigmentation of the nipple-areola complex between

2010 and 2016 were contacted by phone to respond to
a satisfaction survey on the treatment received.

Of these, 141 subjects answered the survey: 137 pa-
tients reported they were “Very satisfied” or “Satisfied”,
and only four were “Not very satisfied” or “Dissatis-
fied” (Table 2, a). Reasons for dissatisfaction were: in
one case, early fading of the colour compared with the
average duration time initially communicated to the pa-
tient; in another case, dissatisfaction was due to a very
light areola against which the tattooed NAC did not
look very realistic. The other two cases of dissatisfaction
were due to psychological factors implying rejection of
their new personal image.

Project usefulness

As for the usefulness of the project, 137 patients rat-
ed the opportunity of having dermopigmentation treat-
ment as “Very useful”/“Useful”. The project was consid-
ered “Neither useful nor useless” or “Useless” by only
four interviewees, those that reported low satisfaction
with the results of the treatment. (Table 2, b).

DISCUSSION AND CONCLUSION

Medical tattooing of the NAC complements the
process of breast reconstruction and seeks to achieve a
more natural and pleasing result. It contributes to pa-
tient recovery and psychological and physical integrity.
Tattooing the NAC is a simple and safe technique that
can accompany plastic reconstructive surgery, enhanc-
ing the final aesthetic result and, in some cases, replac-
ing the need for reconstructive surgery.

The benefits can be numerous: the procedure does
not require anesthesia; in addition, it does not require
tissue transfer from other areas and does not leave any
scars; quite the opposite, it can cover any existing scar
tissue [15, 17, 24, 25].

The patient has an immediate economic advantage as
she receives the treatment free of charge. It should also
be noted that medical tattooing of the nipple-areola
complex was initially considered a mere complement
to surgical NAC reconstruction. However, it is increas-

Table 2

Patients’ level of satisfaction regarding the treatment received
compared with patients’ opinion regarding the usefulness of
the project

a) Level of n. %
satisfaction cases
Very satisfied 128 90.8
Satisfied 9 64
Not very satisfied 1 0.7
Dissatisfied 3 2.1
Total 141 100%
b) Usefulness Very useful 96 68.1
oftheproject ).t 41 291
Neither useful nor useless 2 14
Useless 2 14
Total 141 100%
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ingly becoming an effective alternative to grafts of pig-
mented skin taken from other areas of the body. And in
the case of 3D tattooing, it could replace nipple recon-
struction itself [16]. In these cases, the patient can take
advantage of the fact that she does not need to undergo
another surgical operation and be hospitalized. This re-
duces missed workdays and increases social interaction
opportunities for patients.

Another benefit is the savings for hospitals opting for
this service as an alternative to traditional surgery. It
should be noted that cost analyses of different NAC
reconstruction techniques are not available in Italy as
dermopigmentation of the NAC has only recently been
introduced. To our knowledge, this technique has been
adopted in Treviso and a few hospitals in Friuli Vene-
zia Giulia, Lazio and Liguria. In the literature, it would
seem that only one study, carried out in the USA by
Koumanis DJ et al. [26] has provided a cost analysis
of NAC reconstruction under general versus local an-
esthesia.

As the dermopigmentation of the nipple-areola com-
plex described in this study is an outpatient procedure,
there are no variable costs included. If we consider
costs such as operating room time (approximately 1
hour), medical and nursing staff, recovery room, phar-
macy, medical supplies, and anesthesia fees, we could
calculate a minimum cost of about 1,600 euros which
could be saved. Koumanis et al., showed that a local
anesthesia procedure costs 3,157 US dollars and, there-
fore, we could assume that dermopigmentation of the
NAC, as an alternative to surgery reconstruction, may
allow saving a minimum of 1,600 euros to 3,157 US
dollars [26], about 2,900 euros.

The nipple-areola complex tattoo is an important
treatment for women who want to recover their sense
of self and their femininity, after overcoming cancer. As
such, it ought to be considered an integral part of the
rehabilitation process that starts after total or partial
breast removal [27].

As mentioned above, the dedicated breast unit is spe-
cialized in supporting women affected by breast cancer.
Women treated in these centres show higher survival
rates than those treated in non-specialist units. Above
all, such women report a better quality of life, as they
feel supported through all the various stages of their
treatment [28]. These treatments enable them to ac-
cept their self-image more easily, along with their role
within the family and society. Today, the Italian Na-
tional Healthcare System (SSN), through its Essential
Levels of Assistance (LEA), includes tattoos for pig-
menting the nipple-areola complex among its specialist
outpatient assistance services (code 86.02.3), provided
that certain conditions are met [29].

Special care is needed when tattooing cancer pa-
tients, as they are particularly vulnerable. They have low
immune defenses as well as skin alterations, depending
on their specific disease, chemotherapy in progress, and
any radiotherapy treatment given.

Such treatments and/or the administration of medi-
cines to treat other diseases can make dermopigmenta-
tion more complicated and increase the risks involved.
They can, for example increase skin sensitivity, trigger

skin reactions [30, 31], hinder blood coagulation [32,
33] or slow down the scar healing process. Given the
above, cooperation between the breast unit’s medical
team and the operator who carries out the NAC tat-
too is crucial to ensure patient safety. In our experience,
the dermopigmentator’s role fits appropriately into the
dedicated breast unit as he or she complements the
multidisciplinary team.

The study described in this paper suggests that coop-
eration and synergy between a public healthcare facility
(Treviso Hospital) and a volunteer patients’ association
(such as LILT) can overcome certain bureaucratic ob-
stacles and, above all, provide patients with a safe and
effective service. In fact, no severe complications were
reported following this treatment in either the short or
the long term - possible complications may include al-
lergies to ink components, risk of infection, scars, or
granuloma [34, 35]. Furthermore, only a small number
of minor complications were reported by the patients,
amounting to 1.78% (3/169).

It should be pointed out that the 169 patients evalu-
ated in this study is a relatively low number compared
with the number of cases involving the breasts that were
indicated for medical tattooing. This is due to several
bureaucratic reasons within the public health service
which, with the help of LILT, were partially overcome
by employing a part-time dermopigmentator. It was not
possible to treat all the cases indicated as only one to
two days per month of free treatment were available.

As for the level of satisfaction, it should be noted that
one hundred percent satisfaction cannot be guaranteed
and the degree of success depends on the patient’s ex-
pectations, the type of skin (dryness, oiliness, sun dam-
age, acidity), the presence of scars or traumatized tis-
sues from surgery, the tattooing method used and the
characteristics of the operator (skill, experience and
professional preparation). Furthermore, the habitual
use of alcohol, smoking, sun exposure and/or tanning
lamps, sweating, frequent swimming in pools and/or
Turkish baths, the habitual use of the hot tubs and/or
saunas might affect the results [36]. The degree of satis-
faction with the final aesthetic result found in our study
was high: 97% (137/141) of patients said they were sat-
isfied/very satisfied. The same level of satisfaction was
expressed concerning the usefulness of the project.

These results were achieved thanks to a well-designed
procedure, to a careful selection of patients, suitable fa-
cilities, careful selection of pigments, and the dermopig-
mentator’s advanced training and extensive experience.

One limit of the study should be mentioned; the re-
sults obtained for patient satisfaction may be influenced
somewhat by a methodological bias. Measurement
through only a single evaluation represents a cogni-
tive and interpretative limit. The protocol followed was
focused on patient safety and did not include specific
evaluation procedures; therefore, a phone survey was
conducted after the period of study. Essentially, the pa-
rameters considered were based on subjective satisfac-
tion and self-evaluation, taking inspiration from certain
papers found in the literature [37, 38].

In any case, despite being an incomplete evaluation,
it nevertheless provides clear indications of the high
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level of patient satisfaction. Future studies ought to en-
sure more detailed evaluations, following specific crite-
ria and evaluation parameters. The surgeon, the Breast
Centre team, the dermopigmentator, and the patient
should all be involved. All these subjects should give an
opinion on: size and shape of the NAC, colour, three-
dimensional effect, similarity with the contralateral
NAC.

As already mentioned at the beginning of the para-
graph, hospitals opting for this service as an alternative
to traditional surgery make savings by avoiding the use
of operating rooms, surgeons and medical staff who can
therefore be used to treat new patients, thus reducing
waiting lists. This ultimately translates into savings and
increased productivity for both the hospital and the
healthcare system.

Hypothetically, if this model were to be scaled up to a
national level, it would lead to considerable savings for
the National Healthcare System.

The NAC dermopigmentation described in our work
was carried out over the period 2010-2016, and this
was not subject to specific official regulation until 2018.
Subsequently, the Ministry of Health issued an order on
the 15th May 2019 that regulates tattooing of the NAC
[39]. Now, the operator authorized to carry out this
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Abstract Key words
Introduction. Taranto is of particular Public Health relevance for the presence of indus- | © dioxins
trial sources of dioxins and PCBs. The aim of this study was to monitor these pollutants | * PCBs

in mussels produced from 2012 to 2018. e environmental
Materials and methods. Mussels were collected on a monthly basis with random sam-
pling. Concentrations were determined through accredited methods.

Results. 622 samples were collected. Dioxins and PCBs showed higher median con-
centrations in Mar Piccolo 1st Inlet (p ,<0.0001; Dioxins: 1.43 pg WHO-TEQ/g ww;
Dioxins+DL-PCBs: 5.98 pg WHO-TEQ/g ww; DL-PCBs: 4.57 pg WHO-TEQ/g ww;
NDL-PCBs: 61.54 ng/g ww) and in III trimester for all basins (p ,<0.02). In Mar Piccolo
1+t Inlet, there was a linear increase of dioxins and PCBs moving North (p,<0.05).
Conclusions. These findings confirmed higher concentrations in Mar Piccolo 1 s Inlet
during the summer period and supported the validity of the Public Health measures

contamination
e Taranto

e mussel

adopted by the Department of Prevention of Taranto.

INTRODUCTION

Polychlorinated dibenzo-p-dioxins (PCDD), poly-
chlorinated dibenzofurans (PCDF) and polychlorinat-
ed biphenyls (PCBs) are classified by WHO as environ-
mental pollutants with a global distribution and high
resistance to degradation [1-6].

Long-term exposure to dioxins (PCDD/Fs) and some
PCBs, referred to as dioxin-like PCBs (DL-PCBs) due
to their similar toxicological properties, has been shown
to cause a range of adverse effects on the nervous, im-
mune and endocrine systems, to impair reproductive
function and to cause cancer. Other PCBs referred to
as non-dioxin-like PCBs (NDL-PCBs) have a different
mechanism of toxicity, but they too can seriously dam-
age human health [1, 3, 5-9].

More than 80% of total exposure is attributable to di-
etary intake, that represents the main route of PCDD/Fs
and PCBs exposure for humans [1, 5, 7]. In particular,
the consumption of animal origin foods, like milk, meat,
eggs, leads to a greater risk of bioaccumulation due to
the lipophilic properties of these pollutants [1, 5].

Taranto, a coastal city in the South of Italy (Ionian
Sea, Puglia Region), is of particular relevance in this
context due to the type of industrial settlements ac-
counting for known potential sources of PCDD/Fs and
PCBs (the most important steel plant in Europe, an oil
refinery, a cement works, thermoelectric plants, waste
incinerators, discharges and military harbours) and to
the environmental contamination present in different
matrices, including marine sediments - in particular
in Mar Piccolo 1stInlet [10-14]. In this regard, the city
is surrounded by two basins, the Mar Grande (a wide
roadstead with maximum depth of about 35 meters and
a mean salinity of 37.8%o0) and the Mar Piccolo (a in-
ner basin with lagoon features, divided into two inlets
with a maximum depth of 13 and 8 meters, respectively,
and a mean salinity of 35.1%o), that are home to several
mussel (Mytilus galloprovincialis, Lamarck 1819) culture
areas which account for a significant production at na-
tional level [13, 14].

Mussels can represent a food at risk of contamina-
tion, because are filter-feeding organisms with high bio-
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accumulation and low biotransformation potential for
both organic and inorganic contaminants [14-16].

Since 2011, the Department of Prevention of the Lo-
cal Health Authority of Taranto has carried out a moni-
toring plan of in order to assess PCDD/Fs and PCBs
contamination in M. galloprovincialis from Mar Picco-
lo and Mar Grande. The results of a study on mussel
samples collected between March and December 2011
[14] as well as of the activities carried out in these years
by the Department of Prevention of the Local Health
Authority of Taranto, showed results of non-compliance
with European legislation [16, 17] as regards the levels
of PCDD/Fs and DL-PCBs in the 1+ Inlet of the Mar
Piccolo during the summer period. This led the Depart-
ment of Prevention of the Local Health Authority of
Taranto to propose to Puglia Region the adoption of
the Regional Ordinance n. 188/2016 to block the re-
moval and handling of commercial mussels in Mar Pic-
colo 1+t Inlet, with the only possibility of moving juvenile
mussels (<5 cm) from Mar Piccolo 1+ Inlet to the other
basins by March 31, after a sampling result in accor-
dance with EU standards for dioxins and PCBs [16,
17]. In September 2018, the Puglia Region published
an update of the Ordinance (n. 532/2018), anticipating
the temporal limit to February 28, in order to account
for an increase in dioxins/PCBs mussels contamination
found starting from the Il trimester.

The aim of this study was to update those evidences
through the monitoring of the content and the spatio-
temporal distribution of PCDD/Fs, DL-PCBs and
NDL-PCBs in mussels produced from January 2012 to
December 2018 in all the mussel farming plants of the
Mar Grande and Mar Piccolo of Taranto, in order to
guarantee the healthiness of the product placed on the
market, identify marine areas and critical seasons for
mussel contamination, and verify and develop effective
public health strategies to protect the health of consum-
ers together with the production chain of the territory.

MATERIALS AND METHODS
Sampling

We included in this study the mussel samples (M.
Galloprovincialis) collected by the staff of the Depart-
ment of Prevention of Local Health Authority of Taran-
to between January 2012 and December 2018 in Mar
Piccolo and Mar Grande. For each sample, numerous
aliquots of product (at least 1 kg total) were taken from
various points between 0 and 4 meters deep, in order
to obtain a representative sample of any different levels
of contamination present in the mussels both in con-
tact with sediments or in aquatic suspension. Mussels
were collected on a monthly basis with random sam-
pling using predefined square grid cells within the three
basins. The geographic coordinates of the sampling ar-
eas were established from the georeferencing maps cre-
ated by ISPRA (National Institute for Environmental
Protection and Research), taking into account the level
of contamination of the sediments. The samples were
sent for chemical analysis to the Istituto Zooprofilattico
Sperimentale dell’Abruzzo e del Molise “G. Caporale”
(National Reference Laboratory for Halogenated POPs
in food and feed).

Chemical analysis
Chemicals

Solvents such as n-hexane, dichloromethane, ac-
etone, toluene and isooctane were organic residue
analysis quality (Honeywell Burdick & Jackson, Seezle,
Germany). Ultra-pure water was generated within the
laboratory by means Purelab option-Q system (ELGA
LabWater, High Wycombe, United Kingdom). Other
reagents included anhydrous sodium sulphate, con-
centrated sulphuric acid and sodium chloride, all at
reagent grade (Honeywell Burdick & Jackson, Seezle,
Germany).

Prepacked multilayer silica, alumina, and carbon col-
umns were obtained from Fluid Management Systems
(Massachussetts, USA).

All standard solutions were supplied by Wellington
Laboratories (Guelph, Ontario, Canada). Calibration
solutions DF-CVS (CS1 through CS4), 3C,-labeled in-
ternal standard DF-LCS-C200, and recovery standard
DF-IS-] were used for PCDD/Fs analysis. Calibration
solutions WP-CVS (CS1 through CS7), ©C,,-labeled
internal standard WP-LCS, and recovery standard P48-
RS-STK were prepared for DL-PCB analysis. Calibra-
tion solutions P48-M-CVS (CS1 through CS5), 3C,,-
labeled internal standard P48-M-ES, and recovery
standard P48-RS-STK were selected for NDL-PCB
analysis.

Analytical methodology

The 17 PCDD/Fs, the 12 DL-PCBs and the 6 indica-
tor NDL-PCBs [16, 17] were determined through ac-
credited methods in accordance with ISO EN 17025,
based on US EPA (1994) Method 1613 B for PCDD/
Fs and US EPA (2008) Method 1668 B for PCBs. Both
methods are based on isotopic dilution and high resolu-
tion mass spectrometry (HRMS) detection. In order to
adapt the analytical procedures to the matrix under ex-
amination, variations have been made in the extraction
and purification phases of the sample.

All the samples under examination were homoge-
nized by a knife mill Grindomix GM-200 (Retsch, Dus-
seldorf, Germany) and a representative rate of approxi-
mately 5+2 g was taken from them. The samples were
dried for at least 8 hours in an oven at a temperature of
40+5°C and, before extraction, were mixed with anhy-
drous sodium sulphate in a ratio of 1:3 (w/w) and forti-
fied with a mixture of the internal standards containing:
17 PCDD/Fs 1C,,-labeled (0.2-0.4 ng); 12 DL-PCBs
18C ,-labeled (1.0 ng); 6 NDL-PCBs 13C,,-labeled (2.0
ng).

The samples were extracted by accelerated solvent
extraction with n-hexane-acetone (80:20, v/v) using a
Dionex ASE 350 (Thermo Fisher Scientific, Waltham,
MA) at 1,500 psi and 125°C.

The extract, collected in a glass vial, was filtered on
anhydrous sodium sulphate and collected in a volumet-
ric flask, dried on a rotary evaporator with a water bath
at 40+5°C.

After solvent evaporation, the extract was dissolved in
hexane and subjected to liquid-liquid partitioning with
concentrated sulfuric acid, 20% aqueous potassium hy-
droxide, and saturated aqueous sodium chloride.
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Subsequently, the extract was purified, in sequence,
on chromatographic columns of multilayer silica gel,
alumina and carbon, using an automated clean-up
process with a Power-Prep™ system (FMS, Massachu-
setts, USA).

The two eluates containing PCDD/Fs and PCBs,
were concentrated by evaporation in nitrogen stream
and dissolved in the corresponding recovery standards
solutions (3C,,-labeled PCDD/Fs and PCBs different
from the previous ones).

The instrumental analysis was performed using high
resolution gas chromatography - high resolution mass
spectrometry (HRGC-HRMS), using GC Trace Series
2000 coupled to a MAT 95 XL (Thermo Fisher Scien-
tific, USA) and a Trace Series 1310 GC, coupled to a
DFS (Thermo Fisher Scientific, USA). The chromato-
graphic separation of the 17 PCDD/Fs was carried
out on a DB-5 MS capillary column 60m x 0.25mm x
0.10pm (J&W Scientific, California, USA). The chro-
matographic separation of DL-PCBs and NDL-PCBs
was carried out on HT8-PCB capillary column 60m
x 0.25mm x 0.25pm (SGE Analytical science, Mel-
bourne, Australia). The acquisition of the masses was
carried out in Single Ion Monitoring (SIM) mode at
a resolution of 10,000, selecting the masses indicated
by the method. As regards 17 PCDD/Fs and 12 DL-
PCBs, TEQ concentrations were determined by mul-
tiplying the analytical result of each congener by the
corresponding WHO-TEF, while for NDL-PCBs, the
result was reported as the sum of the 6 indicator con-
geners. All values have been reported as upper bound
concentrations, that is all values below the limit of
quantification (LOQ) are supposed to be equal to the
respective LOQ.

A laboratory blank and a control sample were ana-
lyzed for each batch of 10 and 20 samples, respectively.
Recovery rates of labeled congeners ranged from 60%
to 90%, and the analytical uncertainty was in the or-
der of +18% for WHO-TEQs and the sum of six NDL-
PCBs. Method performance was in agreement with
the requirements for method of analysis used in official
control of the levels of PCDD/Fs and PCBs in foodstuff
[16, 17] and has been successfully verified in many pro-
ficiency tests over 15 years.

Statistical analysis

Statistical analysis was performed using R version
3.6.2 (released on 2019-12-12). Statistical significance
o was fixed to 0.05. Maps were created with Microsoft
Excel version 2002 (Build 12527.20194).

In order to account for non-normality, evaluated
through Shapiro-Wilk test, numerical variables (means
of the measured values of the four pollutants concen-
trations) [16, 17] were reported as median and IQR
and compared first through Kruskal Wallis rank sum
test and then through pairwise Wilcoxon rank sum test
with Benjamini & Hochberg correction for p values
(False Discovery Rate). Comparisons were carried out
between basins (on the overall sample) and between
trimesters (separately for each of the three basin). For
each basin and pollutant (values), a multivariable lin-
ear median regression model (linear quantile regression

with 1=0.5) was then fitted in order to assess the ef-
fect of latitude (hundredths of °N) and longitude (hun-
dredths of °E) on the median of each pollutant values.
The algorithmic method used to compute the fit was
the modified version of the Barrodale and Roberts algo-
rithm. Standard errors were computed through a Huber
sandwich estimate using a local estimate of the spar-
sity. B coefficients can be interpretable as the increase
in pollutant values median (median difference) for an
increase of one hundredth of °N or °E. In order to as-
sess the pairwise correlation between the four pollut-
ants (values) non-normally distributed, Spearman rank
correlation coefficient p was calculated for each basin
and combination. P-values were computed via the as-
ymptotic t approximation.

Categorical variables (means of the measured values
of the three pollutant concentration minus the associat-
ed expanded uncertainty that are above the established
EU maximum level) [16, 17] were reported as abso-
lute and relative frequencies and, in order to account
for low expected frequencies (n<5), were compared
first through Fisher Exact test (Fisher-Freeman-Halton
Exact Test for contingency tables larger than 2x2) and
then through pairwise Fisher Exact test with Benjamini
& Hochberg correction for p values (False Discovery
Rate). Comparisons were carried out between basins
(on the overall sample) and between trimesters (sepa-
rately for each of the three basin). For each basin and
pollutant (values above EU maximum level) with suf-
ficient frequencies (n>30), a multivariable binary logis-
tic regression model was then fitted in order to assess
the effect of latitude (hundredths of °N) and longitude
(hundredths of °E) on the odds of pollutant value above
the EU maximum level. Odds Ratio can be interpre-
table as the increase in the odds of pollutant value
above the EU maximum level for an increase of one
hundredth of °N or °E. In order to assess the pairwise
correlation between pollutants values above the EU
maximum level, Pearson correlation coefficient ¢ was
calculated for each combination in Mar Piccolo 1+ In-
let. P-values were computed via t distribution.

RESULTS

622 mussel samples were collected between 2012 and
2018, 208 in Mar Piccolo 1+ Inlet, 207 in Mar Piccolo
2nd Inlet and 207 in Mar Grande.

Spatial distribution of the pollutants values between
the three basins was shown in the left side of Figure
1. Results of overall pollutants values distribution and
comparisons between basins were reported in Table 1.
Kruskal Wallis rank sum test showed a significant dif-
ference between basins for all pollutants (p,<0.0001).
Pairwise Wilcoxon rank sum test showed: higher values
in Mar Piccolo 1+ Inlet compared both to Mar Piccolo
2nd Inlet and Mar Grande for all pollutants (p,<0.0001);
higher values in Mar Piccolo 2 Inlet compared to
Mar Grande for dioxins and NDL-PCBs (p,<0.0001);
lower values in Mar Piccolo 2 Inlet compared to Mar
Grande for DL-PCBs (p=0.0067).

Results of Mar Piccolo 1+t Inlet pollutants values dis-
tribution and comparisons between trimesters were re-
ported in Table 2. Kruskal Wallis rank sum test showed
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Figure 1

Spatial distribution of mussel pollutants (values and values above EU maximum level) between and within the three basins.

Dioxins: sum of dioxins (WHO-PCDD/F-TEQ); DLPCBs: sum of dioxin-like PCBs (WHO-PCB-TEQ); dioxins+DLPCBs: sum of dioxins and
dioxin-like PCBSs (WHO-PCDD/F-PCB-TEQ); NDLPCBs: sum of non-dioxin like PCBs: PCB28, PCB52, PCB101, PCB138, PCB153 and PCB180
(ICES - 6); pollutants on the left: mean of the measured values, wet weight; pollutants on the right: mean of the measured values minus

the expanded uncertainty of the mean, wet weight [16, 17].

a significant difference between trimesters for all pol-
lutants (p,<0.0005). Pairwise Wilcoxon rank sum test
showed: lower values of dioxins in both trimesters I
and II compared both to III and IV (p,<0.004); differ-
ences in Dioxins+DL-PCBs and DL-PCBs between all
trimesters with higher values in trimester III (p,<0.03);
except for II-IV comparison (p=0.071), lower values of
NDL-PCBs in both trimesters I and IV compared both
to IT and III (p,<0.02).

Results of Mar Piccolo 2 Inlet pollutants values
distribution and comparisons between trimesters
were reported in Table 2. Kruskal Wallis rank sum test

showed a significant difference between trimesters for
all pollutants (p,<0.0001). Pairwise Wilcoxon rank sum
test showed: lower values of dioxins and NDL-PCBs
in trimesters I, II and IV compared to III (p,<0.002);
except for I-IV comparisons (p,>0.05), differences in
Dioxins+DL-PCBs and DL-PCBs between all trimes-
ters with higher values in trimester III (p,<0.003).
Results of Mar Grande pollutants values distribution
and comparisons between trimesters were reported
in Table 2. Kruskal Wallis rank sum test showed a sig-
nificant difference between trimesters for all pollutants
(p,<0.0006). Pairwise Wilcoxon rank sum test showed:
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Table 1

Mussel pollutants values distribution between basins (overall), Kruskal Wallis rank sum test and Pairwise Wilcoxon rank sum test
(Benjamini-Hochberg correction)

2012-18

Overall (n=622)

Basin

Mar Piccolo 1st Inlet (n=208)
Mar Piccolo 2 Inlet (n=207)

Mar Grande (n=207)

Basin (pairwise)

Dioxins (pg/g)

Median
(IQR)

1.43(0.98)
063 (0.41)
0.41(0.28)

Mar Piccolo 1¢t Inlet - Mar Piccolo 2 Inlet

Mar Piccolo 1+t Inlet - Mar Grande

Mar Piccolo 27 Inlet - Mar Grande

p

<.0001

<.0001
<.0001
<.0001

Dioxins+DLPCBs
(pg/9)

Median p
(IQR)

<.0001
5.98 (4.20)
2.00(1.29)
2.00 (1.74)

<.0001
<.0001
.56

DLPCBs (pg/g)

Median p
(IQR)

<.0001
4.57 (3.78)
1.34 (0.96)
1.61(1.67)

<.0001
<.0001
.0067

NDLPCBs (ng/g)
Median P
(IQR)
<.0001

61.54 (35.06)
20.05 (12.79)
16.24 (9.67)

<.0001
<.0001
<.0001

Dioxins: sum of dioxins (WHO-PCDD/F-TEQ); DLPCBs: sum of dioxin-like PCBs (WHO-PCB-TEQ); dioxins+DLPCBs: sum of dioxins and dioxin-like PCBSs (WHO-PCDD/
F-PCB-TEQ); NDLPCBs: sum of non-dioxin like PCBs: PCB28, PCB52, PCB101, PCB138, PCB153 and PCB180 (ICES - 6); all pollutants: mean of the measured values, wet

weight [16, 17].

Table 2

Mussel pollutants values distribution between trimesters (Mar Piccolo 1+ Inlet, Mar Piccolo 2 Inlet and Mar Grande), Kruskal Wallis

rank sum test and Pairwise Wilcoxon rank sum test (Benjamini-Hochberg correction)

2012-18

Mar Piccolo
1stInlet (n=208)

Trimester
| (n=56)

I (n=62)
Il (n=42)
IV (n=48)
Trimester (pairwise)
[- 1l

[ 10l
-1V

I1- 111

-1V
-1V

Mar Piccolo
2nd Inlet (n=207)

Trimester
I (n=57)

Il (n=63)
Il (n=40)
IV (n=47)
Trimester (pairwise)
(-1l

[l
-V

-1

-1V
-1V

Dioxins (pg/g)
Median (IQR) p

<.0001

.58
<.0001
.0001
.0001
.0038
060
Median (IQR) p

Dioxins+DLPCBs (pg/g)
Median (IQR) P

DLPCBs (pg/g)
Median (IQR) p

<.0001 <.0001

405 (2.19) 2.98(2.28)

740 (4.30) 598 (343)

9.63 (4.24) 7.92 (3.54)

5.26 (2.76) 361 (2.06)
<.0001 <.0001
<.0001 <.0001
.0031 .024
.0006 .0043
.0040 .0001
<.0001 <.0001

Median (IQR) p

<.0001
0.55(0.28)
0.60 (0.48)
0.91 (0.64)
0.59(0.22)
46
<.0001
21
<.0001
.78
<.0001

Median (IQR) p

<.0001 <.0001

1.50(0.75) 0.96 (0.45)

2.23(1.21) 1.58 (0.79)

3.81(368) 2.88(2.72)

1.80 (0.90) 1.11 (0.64)
<.0001 <.0001
<.0001 <.0001

18 34

<.0001 <.0001
.0022 <.0001
<.0001 <.0001

NDLPCBs (ng/g)
Median (IQR) p
.0004
50.35(28.74)
7033 (35.38)
74.21 (35.74)
59.87 (24.73)
.0060
.0029
098
A4
071
.010
Median (IQR) p
<.0001
1757 (11.41)
20.94 (9.50)
27.14 (26.40)
1931 (9.82)
059
<.0001
46
.0019
23
.0003

Continues
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Table 2
Continued

Mar Grande (n=207) Median (IQR) p

Trimester <.0001

I (n=58) 042 (0.19) 142 (0.57)
I (n=59) 0.27 (0.13) 2.37(1.32)
Il (n=45) 0.61(0.29) 3.74 (1.66)
IV (n=45) 045 (0.26) 1.74 (0.96)
Trimester (pairwise)

[-1l <.0001

=1 <.0001

-1V 18

[ <.0001

-1V <.0001

-1V .0056

Median (IQR)

p Median (IQR) p Median (IQR) p

<.0001 <.0001 .0005
0.97 (0.50) 14.38 (6.04)
2.08 (1.30) 14.75 (7.13)
9 (1.68) 22.07 (9.63)
1.26 (0.83) 16.24 (9.30)
<.0001 <.0001 35
<.0001 <.0001 .0005
.0093 .0019 35
<.0001 <.0001 .0021
.0078 .0002 79
<.0001 <.0001 .015

Dioxins: sum of dioxins (WHO-PCDD/F-TEQ); DLPCBs: sum of dioxin-like PCBs (WHO-PCB-TEQ); dioxins+DLPCBs: sum of dioxins and dioxin-like PCBSs (WHO-PCDD/
F-PCB-TEQ); NDLPCBs: sum of non-dioxin like PCBs: PCB28, PCB52, PCB101, PCB138, PCB153 and PCB180 (ICES - 6); all pollutants: mean of the measured values, wet

weight [16, 17].
Table 3
Multiple linear median regression for each basin and mussel pollutant (values)
2012-18 Dioxins Dioxins+DLPCBs DLPCBs NDLPCBs
(pg/g) (pg/g) (pg/g) (ng/g)
Mar Piccolo B B B p B
1stInlet (n=208) (95%Cl) (95%Cl) (95%Cl) (95%ClI)
Latitude (,yeanN) 031 .042 1.60 .0082 143 011 16.67 .0026
(0.01;0.61) (0.42,2.78) (0.34,2.52) (5.89;27.46)
Longitude (,ypeqs’E) 0.00 99 034 19 022 33 -3.01 a7
(-0.12,0.12) (-0.84,0.16) (-0.67;0.23) (-7.36,1.34)
Mar Piccolo 2nd B p B p B p B p
Inlet (n=207) (95%Cl) (95%ClI) (95%Cl) (95%Cl)
Latitude (,genN) -0.04 34 -0.26 .036 -0.12 21 -1.40 17
(-0.12;0.04) (-0.50;-0.02) (-0.31,0.07) (-343,0.63)
Longitude (,yean’E) -0.02 53 -0.10 28 -0.13 062 -2.40 .0020
(-0.07;0.04) (-0.27;0.08) (-0.27;0.01) (-3.91,-0.89)
Mar Grande (n=207) B p B p B p B p
(95%ClI) (95%Cl) (95%ClI) (95%Cl)
Latitude (,yenN) 0.03 39 0.15 59 0.19 51 238 12
(-0.04;0.11) (-0.40,0.71) (-0.38,0.76) (-0.59;5.36)
Longitude (,ypeas’E) 0.09 .0042 022 32 -023 26 293 .0019
(0.03,0.15) (-0.67;0.22) (-0.64;0.18) (1.094.77)

Dioxins: sum of dioxins (WHO-PCDD/F-TEQ); DLPCBs: sum of dioxin-like PCBs (WHO-PCB-TEQ); dioxins+DLPCBs: sum of dioxins and dioxin-like PCBSs (WHO-PCDD/
F-PCB-TEQ); NDLPCBs: sum of non-dioxin like PCBs: PCB28, PCB52, PCB101, PCB138, PCB153 and PCB180 (ICES — 6); all pollutants: mean of the measured values, wet

weight [16, 17].

except for I-IV comparison (p=0.18), differences in di-
oxins between all trimesters with higher values in tri-
mester I1I (p,<0.006); differences in Dioxins+DL-PCBs
and DL-PCBs between all trimesters with higher values
in trimester I1 (p,<0.01); lower values of NDL-PCBs in
trimesters I, II and IV compared to III (p,<0.02).
Spatial distribution of the pollutants values within the
three basins was shown in the left side of Figure 1. Re-
sults of multiple linear median regression for each basin
and pollutant (values) were reported in Table 3. In Mar
Piccolo 1+ Inlet, all pollutants showed significant differ-
ences as regards to latitude, with an increase moving

North (p,<0.05). In Mar Piccolo 2 Inlet, dioxins+DL-
PCBs showed significant differences as regards to lati-
tude, with a decrease moving North (p=0.036), while
NDL-PCBs showed significant differences as regards
to longitude, with a decrease moving East (p=0.0020).
In Mar Grande both dioxins and NDL-PCBs showed
significant differences as regards to longitude, with an
increase moving East (p,<0.005).

Results of Spearman rank correlation p for each basin
and combination of pollutant (values) were reported in
Table 4. All pairwise combinations in all basins showed
significant correlation (p,<0.0001). Dioxins+DL-PCBs
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Table 4

Spearman rank correlation p for each basin and mussel pollutant (values)

2012-18 Mar Piccolo Mar Piccolo Mar Grande (n=207)
1stInlet (n=208) 2nd Inlet (n=207)

Poll. 1 Poll.2 o] p o] p P p
Dioxins (pg/q) Dioxins+DLPCBs (pg/g) 0.72 <.0001 0.82 <.0001 0.50 <.0001
Dioxins (pg/g) DLPCBs (pg/9) 061 <.0001 0.67 <.0001 035 <.0001
Dioxins (pg/g) NDLPCBs (ng/q) 0.74 <.0001 065 <.0001 0.59 <.0001
Dioxins+DLPCBs (pg/qg) DLPCBs (pg/q) 0.98 <.0001 0.97 <.0001 0.98 <.0001
Dioxins+DLPCBs (pg/g) NDLPCBs (ng/g) 083 <.0001 0.82 <.0001 0.75 <.0001
DLPCBs (pg/g) NDLPCBs (ng/g) 0.80 <.0001 0.82 <.0001 0.70 <.0001

Dioxins: sum of dioxins (WHO-PCDD/F-TEQ); DLPCBs: sum of dioxin-like PCBs (WHO-PCB-TEQ); dioxins+DLPCBs: sum of dioxins and dioxin-like PCBSs (WHO-PCDD/
F-PCB-TEQ); NDLPCBs: sum of non-dioxin like PCBs: PCB28, PCB52, PCB101, PCB138, PCB153 and PCB180 (ICES - 6); all pollutants: mean of the measured values, wet

weight [16, 17].

seemed to be more correlated to DL-PCBs (0.98>p>0.97)
than to dioxins (0.82>p>0.50), in particular in Mar
Grande (p=0.98 vs p=0.50). The lowest correlation was
found between dioxins and DL-PCBs in Mar Grande
(p=0.35).

Temporal trends of the pollutants values over the ob-
served years for each basin were shown in the left side
of Figure 2.

Spatial distribution of the pollutants values above
the EU maximum level between the three basins was
shown in the right side of Figure 1. Overall pollutants
values above EU maximum level frequency distribution
between basins (p from Fisher-Freeman-Halton exact
test) were:
® 4 (1.9%) in Mar Piccolo 1+ Inlet and 0 (0.0%) in Mar

Piccolo 27 Inlet and Mar Grande for Dioxins>3.5 pg

WHO-TEQ/g ww (p=0.036);
® 73 (35.1%) in Mar Piccolo 1+ Inlet, 3 (1.4%) in

Mar Piccolo 2+ Inlet and 0 (0.0%) in Mar Grande

for dioxins+DL-PCBs>6.5 pg WHO-TEQ/g ww

(p<0.0001);
¢ 38 (18.3%) in Mar Piccolo 1+ Inlet, 2 (1.0%) in Mar

Piccolo 2 Inlet and 0 (0.0%) in Mar Grande for

NDL-PCBs>75 ng/g ww (p<0.0001).

Pairwise Fisher exact test showed higher frequencies
in dioxins+DL-PCBs>6.5 pg WHO-TEQ/g ww and
NDL-PCBs>75 ng/g ww in Mar Piccolo 1+ Inlet com-
pared both to Mar Piccolo 2r Inlet and Mar Grande for
all pollutants (p,<0.0001).

Mar Piccolo 1+ Inlet pollutants values above EU max-
imum level frequency distribution between trimesters
(p from Fisher-Freeman-Halton exact test) were:
® 0 (0.0%) in trimesters I and II, 2 (4.8%) in III and

2 (4.2%) in IV for Dioxins>3.5 pg WHO-TEQ/g ww

(p=0.077);
® 2 (3.6%) in trimester I, 33 (53.2%) in II, 33 (78.6%)

in III and 5 (10.4%) in IV for dioxins+DL-PCBs>6.5

pg WHO-TEQ/g ww (p<0.0001);
® 4 (7.1%) in trimester I, 16 (25.8%) in II, 15 (35.7%)
in I1I and 3 (6.2%) in IV for NDL-PCBs>75 ng/g ww

(p=0.0001).

Pairwise Fisher exact test showed: except for I-IV
comparison (p=0.24), differences between all trimes-
ters in dioxins+DL-PCBs>6.5 pg WHO-TEQ/g ww
with higher frequency in III (p,<0.02); lower frequen-

cies of NDL-PCBs>75 ng/g ww in both trimesters I and
IV compared both to IT and III (p,<0.02).

Spatial distribution of the pollutants values above the
EU maximum level within the three basins was shown
in the right side of Figure 1. Results of multiple binary
logistic regression for Mar Piccolo 1+ Inlet and NDL-
PCBs>75 ng/g ww showed significant differences as
regards to latitude, with a frequency increase moving
North (OR 6.43, 95%CI 2.66;17.00, p=0.0001), while
no differences were found as regard to longitude. No
significant differences were found for DL-PCBs>6.5 pg
WHO-TEQ/g ww (p>0.05).

All pairwise combinations of pollutant (values above
EU maximum level) in Mar Piccolo 1+ Inlet showed
significant Pearson correlation ¢ (p,<0.006), with low
correlation of dioxins>3.5 pg WHO-TEQ/g ww with
dioxins+DL-PCBs>6.5 pg WHO-TEQ/g ww (¢=0.19)
and with NDL-PCBs>75 ng/g ww (¢p=0.21) and higher
correlation of dioxins+DL-PCBs>6.5 pg WHO-TEQ/g
ww with NDL-PCBs>75 ng/g ww (¢p=0.54).

Temporal trends of the pollutants values above the
EU maximum level over the observed years for each ba-
sin were shown in the right side of Figure 2.

DISCUSSION

As mussel farming historically represents an impor-
tant cultural and economic heritage for the citizens of
Taranto, the Department of Prevention of the Local
Health Authority have long been engaged on the dual
front of protecting consumers and safeguarding prima-
ry production.

The results of our study confirmed higher levels of
dioxins and PCBs concentrations as well as values ex-
ceeding the EU maximum levels mainly in Mar Piccolo
1+t Inlet. This finding supports the validity of the Re-
gional Ordinance 188/2016 and the consequent Pub-
lic Health measures carried out by the Department of
Prevention of the Local Health Authority of Taranto.
The prohibition of exploiting the Mar Piccolo 1+ Inlet
for mussel farming, except for juvenile mussels handling
by February 28, intercepts almost all the exceedances
observed with respect to the EU limits for dioxins and
PCBs and plays a pivotal role in ensuring the healthi-
ness of the product placed on the market.

Higher levels of dioxins and PCBs concentrations as
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Mar Piccolo 1st Inlet
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2
2
3
S
2

Mar Piccolo 2nd Inlet
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Mar Grande

N. OF EXCEEDANCES

Figure 2

Temporal trends of mussel pollutants (values and values above EU maximum level) over the observed years.

Dioxins: sum of dioxins (WHO-PCDD/F-TEQ); DLPCBs: sum of dioxin-like PCBs (WHO-PCB-TEQ); dioxins+DLPCBs: sum of dioxins and
dioxin-like PCBSs (WHO-PCDD/F-PCB-TEQ); NDLPCBs: sum of non-dioxin like PCBs: PCB28, PCB52, PCB101, PCB138, PCB153 and PCB180
(ICES - 6); pollutants on the left: mean of the measured values, wet weight; pollutants on the right: mean of the measured values minus

the expanded uncertainty of the mean, wet weight [16, 17].

well as values exceeding the EU maximum levels in Mar
Piccolo 1+ Inlet can be explained by the proximity of
industrial settlements, which account for known poten-
tial sources of PCDD/Fs and PCBs, e.g. contaminat-
ing groundwater and freshwater in the northern area of
the basin [14]. This is in line with the higher measured
PCBs concentrations in marine sediments from Mar
Piccolo 1sInlet (Range 54 — 1684 pg/kg dw) compared
to 2Inlet (Range 2 - 181 pg/kg dw) [13]. It is therefore
not surprising that the mussels produced in Mar Pic-
colo 2nd Inlet and Mar Grande basins exhibited lower
dioxins and PCBs concentrations which were basically
always below the EU maximum levels.

In order to effectively deal with mussels contamina-
tion in Taranto, another key issue to consider is certainly
the marked seasonality of measured dioxins and PCBs
concentrations. As a matter of fact, summer is undoubt-

edly the most critical period, in accordance with a de-
pendence of mussels filtration rate from temperature,
as yet reported in literature [18-20]. The influence of
temperature on filtration activity seems to be higher be-
tween 5°-15°C and 25°-30°C, lower from 15° to 25°C,
while at 5° and 30°C, filtration drops to very low values
[18]. The linear increase of filtration rate with tempera-
ture in mussels can be explained by increased biological
activity as well as by decreased water viscosity [19, 20].
In Mar Piccolo, the scarce hydrodynamism and the low
water exchange with Mar Grande determine, mainly in
summer, a high water stratification and a significant in-
crease in the average water temperature compared to
the open sea [13].

Besides, the observed seasonal concentrations pat-
tern could be linked to cyclical variations of mussels
physiological state and lipid content during the year re-
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lated to their reproductive cycle [14]. Infact, in the later
stages of gametogenesis (March-May), the increase in
mussels lipid content may lead to a greater risk of bio-
accumulation due to the strong lipophilic properties of
dioxins and PCBs [1, 5].

Our results showed also a differential fluctuation of
dioxins and PCBs concentrations during the year, with
higher dioxins concentrations during the 3+ trimester
and higher PCBs concentrations during both 2 and
3w trimester. To explain this different temporal pattern,
we could hypothesize a difference between dioxins and
PCBs toxicokinetics in mussels that account for a delay
in dioxins concentrations increase compared to PCBs’
and, maybe, for higher PCBs measured concentra-
tions. In fact, is of the utmost importance to underline
that the majority of observed EU limits exceedances
(96.7%) referred to PCBs rather than dioxins, suggest-
ing that PCBs constitute the most abundant contami-
nant in marine sediments of Taranto [13]. This finding
is of particular Public Health relevance considering that
exposure to PCBs is associated with melanoma (suffi-
cient evidence), Non-Hodgkin lymphoma and breast
cancer (limited evidence) [21].

Moreover, early rise of PCBs concentrations starting
from the 2~ trimester corroborates the effectiveness of
the Regional Ordinance 532/2018, which anticipates
the temporal limit for juvenile mussels handling to Feb-
ruary 28, a choice that has also been considered in rela-
tion to the Southern Italy climate pattern of last years,
characterized by a progressive increase in temperatures
linked to climate change [22].

On the other hand, the possibility of moving juvenile
mussels (<5 cm) from Mar Piccolo 1+ Inlet to the other
basins by February 28 is confirmed to be an option that
guarantee the healthiness of the product, in light of the
fact that 100% of the detected exceedances in Mar Pic-
colo 1+ Inlet during the I trimester refers to commercial
size mussels (25cm).

An interesting finding of this study is the linear re-
lationship between some pollutants and geographical
coordinates. In Mar Piccolo 1+ Inlet, there was a linear
increase of dioxins and PCBs moving North, in accor-
dance with the marine sediments resuspension near the
northern coast. In Mar Piccolo 2 Inlet, we found a lin-
ear increase of some pollutants moving South or West,
i.e. moving towards the Mar Piccolo 1+ Inlet entrance
channel. In Mar Grande, there was a linear increase of
some pollutants moving East, in accordance with the
marine sediments resuspension near the eastern coast.
Marine sediments resuspension near the coast could be
explained by several factors, e.g. low water depths, boats
passage, water agitation by groundwater and freshwater
flowing, human activities and, near the North-Western
coast of Mar Piccolo 1+ Inlet, a significant water out-
flow due to the presence of water-scooping machines
that supply seawater to the steel plant cooling system.
Finally, the correlation analysis showed stronger corre-
lation between most of the pollutants in Mar Piccolo,
leading to the hypothesis of related sources of contami-
nation, while in Mar Grande the weaker correlation
between dioxins and PCBs may suggest different unre-
lated pollution sources.

The possibility to identify a relationship between the
levels of mussels contamination and the marine sedi-
ments resuspension stimulates an important reflection
of public health. As a matter of fact, regardless the pub-
lic health measures carried out by the Regional Ordi-
nances as well as by the Local Health Authority have ef-
fectively remedied an emergency situation, nevertheless
they cannot be considered definitive solutions, as the
only way to deal with the problem of persistent organic
pollutants contamination in Taranto basins is the reme-
diation of contaminated marine sediments. In particu-
lar, in Mar Piccolo 1st Inlet, where we may suppose a
common source sediments contamination (as suggest-
ed by the strong correlation between the pollutants), an
environmental remediation plan would meet the needs
of safeguarding the health of consumers as well as of
ensuring the long-term survival of mussel farming.

In fact, the prohibition of exploiting the water body of
the Mar Piccolo 1+ Inlet for the mussel farming, on one
hand forced mussel farmers to use almost exclusively
the area of Mar Piccolo 2~ Inlet, leading to a significant
overcrowding of installations, to the death of mussels
and to the overall loss of most of the product legally
raised in recent years, on the other hand to an increase
of illegal production of unsafe mussels in Mar Piccolo
1+t Inlet, which raises a serious public health concern.

As a partial solution, to deal with the contamination
of the sediments in Mar Piccolo 1+ Inlet as well as with
the water warming and overcrowding in the Mar Pic-
colo 2 Inlet, the further implementation of mussel
farming in Mar Grande could favor the exploitation of
many currently unused areas. However, given the pe-
culiar environmental, geographical and cultural context
of Taranto, the health protection cannot be separated
from a rigorous policy action to reduce pollutant emis-
sions, as well as from the environment restoration,
which is also a key ethical issue. Moreover, the EU
WEFD (Water Framework Directive) requires Member
States to achieve a good chemical status for all water-
bodies in Europe as regard to dioxins and DL-PCBs,
which are classified as priority substances in the field of
water policy [23]. Anyhow, the sediment remediation
plan should be carefully and appropriately applied in
order to preserve the ecosystem of the area.

Finally, analyzing the problem from an historical
perspective, the temporal trends of the pollutants over
the observed years showed a concentrations increase in
2018 in Mar Piccolo 1st Inlet and Mar Grande. We do
not know the reasons for this finding, but we can make
some hypotheses: rising water temperatures, increase in
human activities in the basins causing sediment resus-
pension, or, in Mar Piccolo 1st Inlet, overcrowding of
installations leading to the death of the product and to
the consequent release of accumulated pollutants in the
water near the other filtering mussels.

In conclusion, a structured environmental plan for
remediation of contaminated marine sediments, along-
side with the reduction of pollutant emissions, appears
to be the only effective, efficient and ethical long-term
solution to protect the health of consumers, preserve
the local production chain and restore the marine en-
vironment.
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INTRODUCTION

Turmeric is the common name for the rhizome of
Curcuma longa L. (C. domestica Valeton, Fam. Zingib-
eraceae). Its main chemical components are curcumi-
noids (3-5%), including curcumin [1,7-bis(4-hydroxy-
3-methoxyphenyl) hepta-1,6-dien-3,5-dione] (77%),
demethoxycurcumin (17%) and bisdemethoxycurcumin
(3%). These compounds are part of a mixture of yellow-
colored substances chemically derived from diferuloyl-
methane. Turmeric also contains carbohydrates, pro-
teins, lipids, minerals and essential oils (5.8%). Essential
oils and curcuminoids are pharmacological markers for
drug quality control; indeed, the dry rhizome must con-
tain at least 2% curcuminoids, calculated as curcumin,
and at least 25 ml/kg of essential oil [1].

The powder of rhizome is most widely used as a spice
to color and flavor food such as mustard, cheese and
butter, it is incorporated into tea and it is a base com-
ponent in many culinary spice blends, such as curry.
Curcumin, is also used as food dye (E 100), authorized
for specific purposes in food and beverage production.
The European Union legislation has established spe-
cific characterization and purity requirements for this
substance in Reg. 231/2012 and subsequent amend-
ments [2]. In this context, the European Food Safety
Authority (EFSA) established an Acceptable Daily In-
take (ADI) for curcumin of 3 mg/kg/day, equal to 210
mg/day for an adult of 70 kg of body weight [3].

Moreover, turmeric based products are present on
the market as food supplements, containing Curcuma
longa extracts, often standardized up to 95% curcumi-
noids, obtained after extraction with organic solvents
like ethanol, methanol, or ethyl acetate.

Since the bioavailability of curcumin, almost insolu-
ble in water, is very low (1%) [4], various methods have
been devised to enhance the bioavailability, including
complexation with piperine (an alkaloid extracted from
Piper nigrum). Recently, also complexes of curcumin
with phospholipids, polymeric micellar formulations
and curcumin-loaded solid lipid nanoparticles have
been used to increase the absorption of curcumin im-
proving its oral bioavailability [5].

Commercial food supplements containing Curcuma
longa extracts, alone or in combination with other
plants, are used in rheumatologic diseases (such as ar-
thritis) for the reputed anti-inflammatory activity and
for reduction of body weight [6-8]. In addition, cur-
cumin is under clinical evaluation as neuroprotective
agent in the management of cognitive disorders even if
the results appear contradictory [9, 10].

The European Union herbal monograph [11] on Cur-
cuma longa supports its traditional use for relief of mild
digestive problems, such as feelings of fullness, slow di-
gestion and flatulence. This means that, although there
is insufficient evidence from clinical trials, the efficacy
of these herbal products is plausible, according to tra-
ditional use, confirmed that they have been used safely
for those mild conditions for at least 30 years (including
at least 15 years within the EU). As undesirable effects
the monograph lists: mild symptoms of dry mouth, flat-
ulence and gastric irritation. The monograph lists mild
symptoms of dry mouth, flatulence and gastric irrita-

tion as Curcuma longa and reports that it is not recom-
mended in case of obstruction of the bile duct, chol-
angitis, liver disease, gallstones and any other biliary
diseases, due to possible stimulation of bile secretion.
In experimental animal models, turmeric stimulated
the contraction of the gall bladder and the bile secre-
tion, these effects are specific to choleretic activity. The
chemical components responsible for choleretic activity
are curcuminoids and sesquiterpenes (a-turmerone and
B-turmerone) [12]. Human studies report an increased
contraction of the gallbladder with various dosages of
curcumin (from 20 to 80 mg) [13-15]. Turmeric is used
as powdered herbal substance (posology is 0.5-1 g 2-3
times daily), herbal tea (0.5-1.0 g as an infusion 2-3
times daily), tincture (the dilution is 1:10 or 1:5 and the
posology is respectively 0.5-1 ml 3 times daily and 10 ml
once daily or 5 ml 3 times daily), and dry extract [11].

In Italy, no drug containing turmeric has been regis-
tered for traditional use to date.

In recent years, different types of food supplements
containing turmeric have been marketed. In Italy, sales
data of these products indicated an increase of 25% be-
tween 2018 and 2019 (from almost 4 million of pack-
ages in 2018 to almost 5 million in 2019) [16].

A first signal of hepatotoxicity of turmeric-based
products arose by a cluster of spontaneous reports of
liver damage associated with turmeric products con-
sumption that arrived to the Italian Phytovigilance sys-
tem in the first six months of 2019. The frequency of
new cases of liver damage, the homogeneity of the di-
agnoses and of the products taken by the subjects, were
in line with a risk signal of hepatotoxicity associated
with the use of food supplements containing turmeric.
Immediately, preventive actions have been taken, in
particular the EFSA Focal Points of other European
countries were contacted exchanging information, and
at the same time, samples of suspected products were
collected to perform analytical assays and rule out the
presence of any hazard of concern.

The work describes the activities carried out by an ad
hoc multidisciplinary group to evaluate the suspected
cases of hepatotoxicity reported to the Italian Phytovig-
ilance system associated with the assumption of turmer-
ic food supplements and drive any decision to reduce
the associated risk. In order to ascertain the presence
of harmful substances and to substantiate the risk, the
study was performed according to: i) the methodology
specific to pharmacovigilance; as well as ii) the evalua-
tion of the quality and safety of food supplements.

MATERIALS AND METHODS
Phytovigilance methodology

The Phytovigilance system, coordinated by the Italian
National Institute of Health — NIH (Istituto Superiore
di Sanita), collects spontaneous reports of suspected
adverse reactions to food supplements and galenic
preparations containing plants. The surveillance system
was activated in 2002 as a research project and became
in 2012 a national system to support the Ministry of
Health in monitoring safety of products of its regulatory
competence.

The Phytovigilance system activities are conducted
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separately from the Pharmacovigilance system, which is
coordinated by the Italian Medicines Agency (Agenzia
Italiana del Farmaco — AIFA).

Anybody observing a suspected adverse reaction as-
sociated with the above-mentioned products can report
the reaction. Online report is possible through the web-
site VigiErbe (www.vigierbe.it). Diagnoses are coded
according to the Medical Dictionary for Regulatory Ac-
tivities (MedDRA). Hospital physicians provide follow-
up for hospitalized patients.

A request, for “exchange of information” on the pres-
ence of turmeric supplements and any adverse reac-
tions to these supplements in the different EU coun-
tries was sent through the EFSA Italian Focal Point.
Causality assessment was performed for all cases using
an evaluation scale adapted from the World Health Or-
ganization causality categories [17]. It was not possible
to apply Roussel Uclaf Causality Assessment Method
(RUCAM) because important information was missing
in the reports.

Analytical chemical methodology

To identify the substances potentially responsible for
the adverse reactions observed, the suspected products
were collected and analysed.

On one side, for the safety issue, the analyses were fo-
cused on the search of voluntary added drugs, acciden-
tal contaminants, residues, and intentional synthetic
adulterants, on the other side the analysis of the cur-
cuminoids was also carried out to characterize the qual-
ity of the product. In particular, the following classes of
substances were checked: non-steroidal anti-inflamma-
tory drugs (e.g. nimesulide), narcotic or psychotropic
substances, heavy metals (cadmium and lead), aflatox-
ins (B1, B2, G1, and G2), pesticides, pyrrolizidine alka-
loids (26 alkaloides plus 20 N-oxides), synthetic dyes.

The analytes previously indicated have been selected
for the following aspects: substances used to fraudu-
lently connote turmeric-based products, contaminants
from the environment and substances known for their
potential hepatotoxic effect.

Indeed, turmeric is often subject to adulteration with
potentially toxic compounds such as synthetic dyes that
mimic the colour appearance of curcumin as well as
the mixing with lower-cost botanical ingredients such
as other Curcuma species. The replacement of natural
curcumin with synthetic curcumin, which is intended to
serve a lower-cost substitute, is a deliberate practice also
[18]. Moreover, anti-inflammatory drugs (e.g. nimesu-
lide) and narcotic or psychotropic substances could be
added to enhance the effectiveness of the supplements.

The quali-quantitative analysis of the curcuminoids,
the principal bioactive compounds of suspected prod-
ucts, including curcumin, demethoxycurcumin and bis-
demethoxycurcumin and the presence of other Curcu-
ma species such as C. zedoaria and C. zanthorrhiza was
also carried out in order to evaluated and to investigate
the content of curcumin and its natural origin.

The analytical techniques used for the determinations
of the substances studied are listed below:

1) HPLC (High Performance Liquid Chromatogra-
phy) with diode array detector (HPLC-DAD) used for

the determination of synthetic dyes (2G yellow, fast yel-
low, naphthol yellow S, metanil yellow, oil orange S, or-
ange 2, orange 6, sudan 1, yellow sudan, orange sudan
G, red para). The chromatographic profile obtained by
HPLC, was evaluated to investigate the content of cur-
cumin and its natural origin;

2) HPLC (High Performance Liquid Chromatogra-
phy) with fluorescence detector (HPLC-FLD) used for
the determination of aflatoxins, namely aflatoxin (B1,
B2, G1 and G2);

3) HPTLC (High-Performance Thin Layer Chroma-
tography) was used to investigate the presence of other
species of Curcuma (C. zedoaria and C. zanthorrbiza)
as well as to compare the chromatographic profile of
curcuminoids obtained by HPLC;

4) LC-MS/MS (Liquid Chromatography coupled with
Tandem Mass Spectrometry) used for the determina-
tion of aflatoxins, confirmation of the presence of red
dyes, narcotic or psychotropic substances, pyrrolizidine
alkaloids, volatile pesticides, non-steroidal anti-inflam-
matory drugs and NSAIDs (e.g. nimesulide). In order
to ensure the quality of the analytical data, the analyses
performed by LC MS / MS were conducted, in collabo-
ration between ISS and IZS, on the same samples;

5) GC/MS/MS (Gas Chromatography coupled with
Tandem Mass Spectrometry) used for volatile pesti-
cides;

6) ICP-MS (Inductively Coupled Plasma Mass Spec-
trometry) used for the determination of heavy metals
(such as lead and cadmium).

Analyses were carried out by the NIH, the Istituto
Zooprofilattico Sperimentale del Lazio e della Toscana
(I1ZS LT) and the Istituto Zooprofilattico Sperimentale
della Lombardia e della Emilia-Romagna (IZS LER).

RESULTS
Analysis of reports

From April 1+ 2002 to July 15% 2019, 76 spontane-
ous reports of suspected adverse reactions to products,
mainly food supplements, containing turmeric alone
or in combinations with other ingredients were regis-
tered in the Italian Phytovigilance system. Thirty-nine
of these reports (51%) indicated symptoms attributable
to liver damage. We excluded eleven reports from the
analysis because of lack of clinical documentation.

In the following, we refer to 28 reports associated
with products containing turmeric, with date of onset
between November 10+ 2018 and June 17+ 2019, re-
ported to the Phytovigilance system between Decem-
ber and July (see Table 1S in Supplementary Material
available online). In almost all cases, diagnosis, as de-
scribed on the reporting form or derived from follow-up
report, was acute hepatitis, mostly with cholestasis. For
all included cases a diagnosis of viral hepatitis was ruled
out. Negative tests for HAV, HBV, HCV, Epstein-Barr
virus, cytomegalovirus were indicated.

The median age of patients was 55 years (range 27-
71 years), mostly women (86%). Twenty-five patients
(89%) were hospitalized. As for the products, 19 cases
(67%) assumed food supplements containing high titre
curcumin and various dosage of piperine; six cases as-
sumed food supplements with turmeric and other ingre-
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dients (2 with echinacea, 3 with boswellia and one with
red yeast rice and berberine). One patient assumed a
food supplement containing only Curcuma longa ex-
tract, one assumed a spice containing turmeric and
ginger and one assumed two herbal teas containing tur-
meric, ginger and dandelion. In one case the assumed
product was a galenic preparation containing curcum-
in and piperine. In one report, the name of the food
supplement was not specified. Duration of use varied
from 8 days to 8 months (median 2 months). As for
the reason of using the food supplements, in 8 cases
(29%) weight loss was indicated; in 4 pain associated
to arthrosis, arthritis, joint pain and senile osteoporosis.
In one report, the reason for use was “digestion”. Other
reasons for use were “detoxification”, “as antioxidant”
and hypercholesterolemia. In eight reports the reason
for use was not indicated.

In 8 of the 28 reports, it was explicitly specified that
no concomitant drugs were assumed. In ten cases (36%)
concomitant use of drugs was reported, some of which
with known or suspected hepatotoxicity. Two patients
assumed in addition to drugs, other food supplements
not containing turmeric. In 10 cases, the presence of
concomitant drugs was not indicated: in these cases, it
was not possible to determine if the information about
concomitant drugs was missing or if there were not con-
comitant drugs.

The outcome was “complete resolution” in 15 cases,
“persistent” in 2 cases and “resolution with sequelae” in
one case, in 10 cases the information was not reported;
dechallenge was positive in 17 cases, in one case nega-
tive and in 10 cases the information was not reported;
in one case the rechallenge was positive.

In 17 cases (61%) the causality assessment was “prob-
able”, in 10 cases (36%) was “possible” and in one case
it was not possible to evaluate the causal relation be-
cause the hospital did not provide complete data.

Twenty-three reports were sent from hospital physi-
cians or specialists, 4 from Poison Control Centre, and
one from a hospital pharmacist. Results are synthetized
in Table 1.

The correspondence between the recommended
dose, reported on the label, and the assumed dose (tak-
en from the reporting forms, where available) was veri-
fied. The assumed dose was equal or even higher than
the recommended dose.

For 18 reports, the amount of curcuminoids/curcum-
in taken by patients (ranging from 40 to 1425 mg/die)
was calculated considering what was declared by the
patients or at the dose indicated by the manufacturer.
In 67% of cases, the curcumin daily intake was 1.6 to 7
times higher than the daily reference value set by EFSA
[19].

Of particular interest were the answers of EFSA focal
points of Spain and Greece obtained following the Ital-
ian request for “exchange of information”. Spain does
not have a list of plants allowed in supplements and
allows mutual recognition for turmeric supplements
from other European Union countries. At national
level, Spain has appointed the scientific committee of
the Spanish Food Safety and Nutrition Agency to de-
termine the maximum levels of curcumin that are eli-

Table 1

Summary of the reports
Variable
Age (years)
Mean (range)
Duration of use (months)
Median (range)
Sex
Males
Females
Hospitalization
Yes
No
Product components
Curcumin+piperine
Turmeric+other
Turmeric+echinacea
Turmeric+boswellia
Turmeric+red yeast+berberine
Curcuma longa extract

Spice (Turmeric+ginger)

Herbal tea (Turmeric+ginger+dandelion)

Reasons for use

Weight loss

Pain (arthrosis, arthritis, joint, senile osteoporosis)

Digestion

Other (detoxification, antioxidant,
hypercholesterolemia)

Not reported
Concomitant drugs
No

Yes

Not reported
Outcome

Complete resolution
Persistent reaction
Resolution with sequelae
Not reported
Dechallenge
Positive

Negative

Not reported
Rechallenge

Positive

Not reported
Causality

Probable

Possible
Indeterminable
Report from
Hospital physicians or specialists
Poison Control Centre

Hospital pharmacist

55

24

25

19

w N O

10
10

(27-71)
%
(0.25-8)

85.7

89.3

67.9
214
7.1
10.7
3.6
36
36
36

28.6
14.3
36

250

286

286
357
35.7

536
7.1
36
357

60.7
36

357

36
96.4

60.7
357
36

82.1

36
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gible for use in supplements, with reference to the ADI
established by EFSA. The Greek National Medicines
Agency suggests not to exceed the daily dose of 210 mg
of curcumin, based on the EFSA opinion [19].

Analyses of the products

From May to June 2019, 18 samples related to 16
reports, identified by the product name and production
batch, were collected and analysed, of these, six were
products assumed by hospitalized patients and shipped
directly from hospitals (Table 2).

In 13 (about 50%) of the 28 reports associated with
the products containing turmeric (see Table 1S in Sup-
plementary Material available online) no data on the pro-
duction batch of the suspected products were reported.
Only for three of these products a sample with a differ-
ent production batch was collected and consequently
analysed.

All the analysed products were food supplements with
the exception of one food marketed as spice, containing
turmeric and ginger powders and one galenic prepara-
tion containing curcuma Meriva®, Curcuma longa dry
extract (titrated 95% in curcuminoids) and Piper nigrum
(titrated 95% in piperine). With regard to the composi-
tion of the analysed food supplements, in most cases
the ingredients declared on the label consisted of Cur-
cuma longa dry extract (titrated 95% in curcuminoids)

Table 2
Experimental data on composition in curcuminoids of the ana-
lysed products

Curcuminoids

Patient Product Curcumin  Demethoxylated
ID forms qf
curcumin
1 Supplement Detected Detected
3 Supplement Detected Detected
8 Spice Detected Detected
9 Supplement Detected Not detected
9* Supplement Detected Not detected
10 Supplement Detected Not detected
10* Supplement Detected Not detected
11% Galenic Detected Detected
preparation
12 Supplement Detected Detected
13 Supplement Detected Not detected
15 Supplement Detected Not detected
16 Supplement Detected Not detected
17* Supplement Detected Not detected
18*a Supplement Detected Detected
18b Supplement Detected Detected
20 Supplement Detected Not detected
21% Supplement Detected Not detected
22 Supplement Detected Not detected

*find (product assumed by hospitalized patients and shipped from hospital).
a, b: different products from the same report.

in association with Piper nigrum dry extract (titrated

95% in piperine), in some cases the dry extracts of C.

longa were complexed with phospholipids (curcuma

Meriva® phytosome).

In none of the analysed samples the presence of
drugs, NSAIDs, synthetic dyes and pyrrolizidine alka-
loids was detected. The presence of heavy metals, afla-
toxins, pesticides, where determined, were found to be
close to limit of quantification.

As regard to the analysis performed to evaluate the
quali-quantitative composition in curcuminoids of tur-
meric extract, used as ingredient in the food supple-
ments, the obtained results showed that:

a) in 100% of analysed sample (11/18) other species
of curcuma were not found (e.g. C. zedoaria and C.
zanthorrhiza);

b) the concentration in curcuminoids of the analysed
samples was in compliance with the declaration on
the label;

¢) in about 60% of samples the turmeric demethoxyl-
ated compounds were not detected.

In Table 2 the results of the qualitative composition
in curcuminoids of the analysed products are shown.
The “patient ID” in Table 1S in Supplementary Material
available online and in Table 2 represents the same cases.

DISCUSSION

Based on the frequency of new cases of liver dam-
age, the homogeneity of the diagnoses and of the prod-
ucts taken by the subjects, a risk signal associated with
the use of food supplements containing turmeric was
pointed out. The signal arose through a cluster of 28
spontaneous reports of suspected cholestatic hepatitis
associated with turmeric containing food supplements
sent to the Italian Phytovigilance system between De-
cember 2018 and June 2019. The seven reports from
Tuscany Region were described in detail in a paper re-
cently published [20].

This system, almost unique among European coun-
tries, has shown during the years its value for monitoring
the safety profile of dietary supplements, as a guarantee
for protection of citizens” health considering the wide
use of these products in Italy (Italy is the first country
for consumption of supplements in Europe) [21].

Considering that, for their nature, food supplements
fall under the regulatory framework of food control, the
signal was managed using both methodologies specific
to pharmacovigilance and food safety control.

With regard to pharmacovigilance strategies and
considerations applied in this context, it has to be un-
derlined that spontaneous reports of suspected adverse
reactions provide a qualitative signal, thus do not allow
the quantification of a risk. The good reporting level of
the Italian Phytovigilance system in comparison with
other European countries and the quality of the re-
ported data, with the possibility of follow-up in serious
cases, should be underlined.

The evaluation of the possible causal association in
individual cases (causality assessment) was the first step
of signal validation, to which further investigations (dis-
proportionality analysis, observed/expected analysis)
should follow, when feasible and appropriate. Further-
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more, an important consideration to be taken into ac-
count when trying to estimate the entity of the potential
risks associated with food supplements is under-report-
ing of adverse reactions to the so-called “natural” prod-
ucts. This under-reporting is partly showed in our situ-
ation by the geographical variability of the number of
reports: the reports were received mostly from Tuscany
and Lombardy, where it is known that there is a greater
sensitivity to pharmaco- and phyto-vigilance activities.
Cannot be excluded that the increase in reports could
also be due to the “notoriety bias” (increase in reports
following the spread of a problem), indeed the spread
of the news occurred between January and May 2019.

Another important element in the evaluation of risk
signals in the pharmacovigilance field is the possible bi-
ological plausibility of the reaction observed with regard
to the substance assumed. Regarding the mechanisms
at the basis of suspected hepatotoxicity from turmeric,
many hypotheses can be formulated.

The choleretic and cholecystokinetic action of cur-
cumin may be also considered. Curcumin is excreted
through the bile and excretion is mediated by ATP-
dependent efflux pumps called Mrp2 (multidrug resis-
tance-associated protein 2) [22]. These pumps are also
physiologically responsible for the transport of bile ac-
ids from the liver to the bile canaliculi to form bile. At
the level of these transporters a competition can be cre-
ated between curcumin and bile acids which therefore
accumulate in the liver inducing cholestasis. Therefore,
the cholecystokinetic effect of curcumin, possibly en-
hanced by piperine, could be a risk factor for hepato-
toxicity [23-25].

Some studies show that curcumin, as well as pip-
erine, modulates the activity of different enzymes in-
volved in the metabolism of some drugs. Curcumin has
been shown to inhibit the activity of cytochrome P450,
glutathione-S-transferase and UDP-glucuronosyl trans-
ferase. Inhibition of these enzymes in subjects taking
curcumin can lead to an undesirable increase in blood
concentrations of some drugs causing toxicity [26]. In
this context, it was shown that CYP3A4 inhibitors could
alter the metabolism of numerous drugs commonly
used in the elderly, e.g. amiodarone and quinidine, in-
creasing the risk of dangerous ventricular arrhythmias
[27]. Piperine inhibits both the drug trasporter P-glyco-
protein and the CYP3A4: these proteins are expressed
in enterocytes and hepatocytes and contribute to a ma-
jor extent to first-pass elimination of many dugs [28].
Therefore, the metabolic effect of curcumin, especially
if associated with piperine, could be a risk factor for
numerous drug interactions especially in patients un-
dergoing polytherapy.

Many weaknesses and limitations emerged. In the
first place, as already stated, spontaneous reports pro-
vide qualitative information and, in some cases, not all
the necessary information were reported, such as the
name of the product, batch, concomitant drugs or food
supplements, follow-up of the patient. Thus, spontane-
ous report only can generate signals for further investi-
gations.

During the qualitative and quantitative analysis
phases, several aspects arose related, in particular, to

the quantities of curcumin and other curcuminoids
contained in the products. Many of the extracts anal-
ysed contained high concentrations of curcumin, but in
about 60% of these, the other curcuminoids normally
contained in the extracts of Curcuma longa were not
present. For this reason, it was hypothesized that the
different raw materials could not be totally of natural
origin (and therefore derived from a normal extraction
process) but consisted of synthetic substances added
to enrich the finished product. However, this adultera-
tion reduces turmeric quality, but should not impact its
safety.

EFSA established the ADI of curcumin as safe con-
sidering the low bioavailability of this substance due to
the negligible absorption in gastrointestinal tract [3].
However, this ADI is not referring to cases in which
substances that increase the bioavailability of curcum-
in are added. Almost all the products indicated in our
reports contained high titre curcumin associated with
substances such as piperine to increase bioavailability.
In these cases, the products no longer comply with the
conditions examined by EFSA, therefore the benefit/
risk ratio must necessarily be reassessed. All the aspects
that emerged from the analyses need further investiga-
tion. In conclusion, the emerged problems can poten-
tially be observed for any other product or substance
available on the market, therefore it is appropriate to
understand the need to plan interventions that may
be reproducible for each situation. The detailed analy-
sis of spontaneous reports represents the first step to
face these problems and adopt appropriate interven-
tion measures aimed at guaranteeing the safety of food
supplements widely used by the population. During the
first months of 2019 the Ministry of Health published a
list of products implicated in the adverse reactions. The
companies have autonomously withdrawn the products
from the trade.

Spontaneous reports were the starting points for
qualitative and quantitative analyses of the substances
contained in some of the samples of the products. On
the basis of the results of all the activities performed
by the multidisciplinary group, regulatory intervention
was taken, and further actions have been planned in the
immediate future. The Ministry of Health has decided,
to adopt a specific warning for the labelling of turmeric-
based food supplements, aimed at discouraging their
use for subjects with alterations of the hepato-biliary
function. Moreover, the Ministry of Health invited to
seek doctor’s advice when using concomitant drugs.

CONCLUSION

Considering the results of the above investigations, it
is concluded that the ADI established by EFSA (3mg/
kg /day) for curcumin is a toxicological value that rep-
resents the quantity of the substance that can be taken
daily for life without recognizable adverse effects. ADI
was set by EFSA for curcumin as such and not in asso-
ciation with a molecule that increases its availability or
biological effects. Therefore, this value cannot be used
directly to assess the safety of the substance taken for
limited periods. No illegal substances added voluntarily
to the user have been detected by the analytical chemis-
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try activity currently carried out. The levels of contami-
nants detected were always lower or close to the quanti-
fication limits. These supplements are formulated with
associations of substances that increase the absorption
of curcumin. Most of the supplements indicated on the
label have a dosage which determines the exceeding of
the ADI.

At the current state of knowledge and on the basis
of the evidence collected so far, in the reported cases a
cause-effect link of the dosage and formulation of the
supplements in question with the hepatitis might not
be excluded.

In order to investigate further interpretative scenarios
of the phenomenon in the period under study, such as

REFERENCES

1. Council of Europe. Turmeric rhizome monograph.
(10th Ed.). Ph Eur Monograph. (ref. 2543). Strasbourg,
France; 2020.

2. EU Commission. Commission regulation (EU) no
231/2012. Laying down specifications for food addi-
tives listed in Annexes II and III to Regulation (EC)
no 1333/2008 of the European Parliament and of the
Council. Official Journal of the European Union 83 (pp.
270-1); 2012. Available from: http:/data.europa.cu/eli/
1eg/2012/231/0j.

3.  EFSA Panel on Food Additives and Nutrient Sources
added to Food (ANS) Scientific Opinion on the re-evalu-
ation of curcumin (E 100) as a food additive. EFSA Jour-
nal. 2010;8(9):1679. Available from: www.efsa.europa.eu/
en/efsajournal/pub/1679.

4.  Lestari MLAD, Indrayanto G. Curcumin. Profiles of
drug substances, excipients and related methodology.
2014;39:113-204.

5. Wang R, Han ], Jiang A, Huang R, Fu T, Wang L, Zheng
Q, Li W, Li J. Involvement of metabolism-permeabil-
ity in enhancing the oral bioavailability of curcumin in
excipient-free solid dispersions co-formed with piper-
ine. Intern ] Pharmacol. 2019;561:9-18. doi: 10.1016/j.
ijpharm.2019.02.027.

6. Panahi Y, Rahimnia AR, Sharafi M, Alishiri G, Saburi A,
Sahebkar A. Curcuminoid treatment for knee osteoar-
thritis: A randomized double-blind placeboc trial. Phyto-
ther Res. 2014;28:1625-31. doi: 10.1002/ptr.5174

7. Panahi Y, Hosseini MS, Khalili N, Naimi E, Majeed M,
Sahebkar A. Antioxidant and anti-inflammatory effects
of curcuminoid-piperine combination in subjects with
metabolic syndrome: A randomized controlled trial and
an updated meta-analysis. Clin Nutrit. 2015;34:1101-8.
doi: 10.1016/j.clnu.2014.12.019

8. Ganjali S, Sahebkar A, Mahdipour E, Jamialahmadi K,
Torabi S, Akhlaghi S, Ferns G, Parizadeh SM, Ghayour-
Mobarhan M. Investigation of the effects of curcumin
on serum cytokines in obese individuals: A random-
ized controlled trial. Scient World J. 898361;2014. doi:
10.1155/2014/898361

9.  Mazzanti G, Di Giacomo S. Curcumin and resveratrol in
the management of cognitive disorders: What is the clini-
cal evidence? Molecules. 2016;21:1243. doi: 10.3390/
molecules21091243

10. Syarifah-Noratiqah SB, Naina-Mohamed I, Zulfarina MS,
Qodriyah HMS. Natural polyphenols in the treatment of
Alzheimer’s disease. Curr Drug Targets. 2018;19:927-37.
doi: 10.2174/1389450118666170328122527

the increased exposure of the population to turmeric
supplements and the presence of harmful substances,
unidentified to date it is desirable to acquire further in-
formation on the various formulations present on the
market over time for a better characterization of the
supplement production chain (origin of raw materials,
traceability, formulation, marketing).

Conflict of interest statement
The authors declare that there are no conflicts of in-
terest.

Received on 30 July 2020.
Accepted on 12 October 2020.

11. Committee on Herbal Medicinal Products (HMPC). Eu-
ropean Union herbal monograph on Curcuma longa L.,
rhizoma. EMA/HMPC/329755/2017, Final 25 Septem-
ber 2018. Available from: www.ema.europa.eu/en/docu-
ments/herbal-monograph/final-european-union-herbal-
monograph-curcuma-longa-l-rhizoma-revision-1len.pdf.

12. Wang L, Zhu X, Wang D, Li X. Choleretic activity of
turmeric and its active ingredients. ] Food Sci. 2016;81,
H1800-H18006. doi: 10.1111/1750-3841.13348

13. Rasyid A, Lelo A. The effect of curcumin and pla-
cebo on human gall-bladder function: an ultrasound
study. Aliment Pharmacol Therap. 1999;13:245-9. doi:
10.1046/j.1365-2036.1999.00464 .x

14. Rasyid A, Rahman AR, Jaalam K, Lelo A. Effect of dif-
ferent curcumin dosages on human gall bladder. Asia
Pac. ] Clin Nutr. 2002;11:314-8. doi: 10.1046/j.1440-
6047.2002.00296.x

15. Marciani L, Cox EF, Hoad CL, Totman JJ, Costigan C,
Singh G, Shepherd V, Chalkley L, Robinson M, Ison R
et al. Effects of various food ingredients on gall blad-
der emptying. Eur. J Clin Nutr. 2013;67:1182-7. doi:
10.1038/ejcn.2013.168

16. Federsalus. Integratori di curcuma: cosa c’¢ da sapere. 31
July 2019. Available from: www.federsalus.it/integratori-
di-curcuma-cosa-sapere/.

17. Uppsala Monitoring Centre. The use of the WHO-UMC
system for standardised case causality assessment; 2018.
Available from: www.who.int/medicines/areas/quality_
safety/safety_efficacy/WHOcausality_assessment.pdf.

18. Bejar E. Turmeric (Curcuma longa) root and rhizome,
and root and rhizome extracts. Bot Adulterants Bull.
2018;May:1-11.

19. European Food Safety Authority. Refined exposure assess-
ment for curcumin (E 100). EFSA J. 2014;12:3876. Avail-
able from: www.efsa.europa.eu/en/efsajournal/pub/3876.

20. Lombardi L, Crescioli G, Maggini V, Ippoliti I, Menniti
Ippolito F, Gallo E, Brilli V, Lanzi C, Mannaioni G, Fi-
renzuoli F, Vannacci A. Acute liver injury following tur-
meric use in Tuscany: an analysis of the Italian Phytovigi-
lance database and systematic review of case reports. Br
J Clin Pharmacol. 13 July 2020. doi: 10.1111/bcp.14460

21. Statistics & Facts Published by Statista Research Depart-
ment. Health supplements in Italy; Jan 15, 2020. Avail-
able from: www.statista.com/topics/5149/health-supple-
ments-market-in-italy.

22. Lee JH, Oh JH, Lee Y]J. Biliary excretion of curcumin
is mediated by multidrug resistance-associated protein
2. Biol Pharmaceut Bull. 2012;35:777-80. doi: 10.1248/



EVALUATION OF TURMERIC SUPPLEMENTS

23.

24.

25.

bpb.35.777

Bi, X., Yuan, Z., Qu, B., Zhou, H., Liu, Z., Xie, Y. Pip-
erine enhances the bioavailability of silybin via inhibition
of efflux trasporters BCRP and MRP2. Phytomedicine.
2019;54:98-108. doi: 10.1016/j.phymed.2018.09.217
Chand, S., Hair, C., Beswick, L. A rare case of turmeric-
induced hepatotoxicity. Intern Med J. 2020;50:258-9.
doi: 10.1111/imj. 14727

Suhail FK, Masood U, Sharma A, John S, Dham-
oon A. Turmeric supplement induced hepatotoxic-
ity: A rare complication of a poorly regulated sub-
stance. Clin Toxicol. (Phila); 2020;58:216-7. doi:

26.

27.

28.

10.1080/15563650.2019.1632882

Burgos-Moron E, Calderon-Montano JM, Salvador J,
Robles A, Lopez-Lazaro M. The dark side of curcumin.
Intern ] Cancer. 2010;126:1771-5. doi: 10.1002/ijc.24967
Mancuso C, Barone E. Curcumin in clinical practice:
myth or reality? Trends Pharmacol Sci. 2009;30:333-4.
doi: 10.1016/j.tips.2009.04.004

Bhardwaj RK, Glaeser H, Becquemont L, Klotz U,
Gupta SK.,Fromm, MF. Piperine, a major constituent
of Black Pepper, inhibits human P-glycoprotein and CY-
P3A4. ] Pharmacol Experim Therap. 2002;302:645-50.
doi: 10.1124/jpet.102.034728

AN
ORIGINAL ARTICLES AND REVIEWS . . . %



Ann Ist Super Sanita 2020 | Vol. 56, No. 4: 470-477

DOI: 10.4415/ANN_20_04_09

Taking care of minor migrants’ health:
the professionals’ perception

and training needs

Francesca Zambri'2, Francesca Marchettit2, Sofia Colacecis, Eva Benelli¢, Debora Serra+,
Marco Canevellis, Nicola Vanacore' and Angela Giusti:

1Centro Nagzionale per la Prevenzione delle Malattie e la Promozione della Salute, Istituto Superiore

di Sanita, Rome, Italy

:Dipartimento di Biomedicina e Prevenzione, Universita degli Studi di Roma “Tor Vergata” Rome, Italy
sSaint Camillus International University of Health and Medical Sciences (UniCamillus), Rome, Italy

sAgenzia di Editoria Scientifica Zadig, Rome, Italy

sDipartimento di Neuroscienze Umane, Sapienza Universita di Roma, Rome, Italy

Abstract

Introduction. In Italy, minor migrants represent 21.8% of the non-EU citizens. The care
of minor migrants might be challenging as this population is characterized by higher
vulnerability and special needs. The study aim was to describe the perceptions on the
provision of care, the bio-psycho-social needs of migrant children and the professional
training needs.

Methods. The study is qualitative descriptive. In May 2019 three focus group, involving
health and social professionals, cultural mediators and NGOs operators, were organized.
Results. The study explored different areas of the provision of care to minor migrants in-
cluding bio-psycho-social needs, care provision, barriers to care and professionals’ train-
ing needs.

Discussion and conclusions. The provision of care should consider the specific migra-
tion journey and narrative. In some cases healthcare is fragmented, generating obstacles
to access especially in minors with lower levels of health literacy. Training plays a key role

Key words

¢ bio-psycho-social needs
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in the development of cultural competence.

INTRODUCTION

In 2017, 2.4 million immigrants entered the Euro-
pean Union (EU) from non-EU countries [1]. Out of
these, around 240,000 immigrated to Italy [1]. Accord-
ing to the Unicef [2], one in four of the 82,000 refugees
and migrants arriving in Europe through Mediterra-
nean migration routes (i.e., 19,800) is a child. Despite
a significant reduction compared to 2017, the number
of unaccompanied minors arriving in the EU remained
high in 2018 [3].

In Italy, minor migrants represent 21.8% of the non-
EU citizens [4]. The provision of care to minor migrants
might be challenging for health and social professionals
as this population group is characterized by high vulner-
ability and special needs.

The interaction of health professionals with persons
with different migration backgrounds requires effective
communication strategies (e.g. mediation and inter-

preting) as well as the knowledge of the migratory pro-
cess and cultural background [5]. Health professionals
recognize the need for special knowledge and skills
when taking care of migrants, and that their training is
often scarce or non-specific, making them inadequate
in providing appropriate care [6]. Specific training in
the field of cultural competence allows a greater un-
derstanding of the psychosocial context in the care of
migrants [7]. Cultural competence means “a multidi-
mensional learning process that integrates transcultural
skills into cognitive, practical and affective dimensions
that aim to achieve culturally congruent care” [8]. A
study conducted with General Practitioners has shown
that those who have received specific training for the
development of intercultural competences seem to
provide higher quality standards of care [9]. This cross-
cultural knowledge and skills might also result from the
continuous exposure to migrant patients [10]. There is
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evidence that training on cultural competence improves
the knowledge, attitudes and skills of health profession-
als and positively affects patients’ satisfaction [11].
Training in cultural competences has also proved effec-
tive for the professionals of rehabilitation facilities [12].

A controlled clinical trial, conducted to assess how
a 3-day training affects the cultural skills of pediatric
nurses, has shown improvements in cultural knowledge,
skills, and desire to learn more about the topic of “cul-
turally competent health services” [13]. When taking
care of migrant populations, health professionals face
several challenges: different expectations, difficulties in
communication, and creating a trustful relationship, as
well as a lack of specific training and inadequate organi-
zational and management systems of care [14].

To our knowledge, there are no studies in the Italian
context that have assessed the training needs of health
and social professionals who are involved, at different
levels, in the provision of care to migrant children.

Therefore, the objective of the present study was to
describe the perceptions of health and social profes-
sionals on the provision of care, the bio-psycho-social
needs of migrant children and the training needs and
methodologies.

METHODS

The study design is qualitative descriptive. A series
of focus group (FG) was organized within the Euro-
pean Union-Vocational Education and Training (EU-
VET) care Project “Strengthening capacities for bet-

Table 1
Aims and questions

ter health care to refugee and migrant children” [15],
whose goal is to improve the training of professionals
who are involved in the care of migrant/refugee chil-
dren. The FGs aimed to explore the perception of key
stakeholders regarding the care system addressing mi-
grant/refugee children’s health and wellbeing. Partici-
pants were recruited through a purposeful, theoretical
built sampling and included physicians, psychologists,
social workers, cultural mediators, child protection le-
gal experts and administrative collaborators. All par-
ticipants were contacted by telephone by an EU-VET
project manager through the project stakeholders’ net-
work. The call has then been followed by an email invi-
tation. All participants were actively involved in the care
of migrant children in different settings at the moment
of the study. The FGs were facilitated by experienced
researchers of the Italian National Institute of Health
in Rome, following a semi-structured set of questions.
This questions guide was built by the contribution of
all researchers, shared with EU-VET project managers,
then tested during the first focus group, not requiring
changes during data collection (Table 1). Each discus-
sion lasted around 90 minutes. All the FGs were audio-
recorded and transcribed, with the informed consent
of the participants. Socio-demographic data were also
collected in an anonymous form. The transcripts were
independently read and coded by two authors who then
discussed the categories for defining the tree-nodes. In
case of disagreement, a third researcher was involved.
Most categories were defined in advance according

Aim 1. Barriers and activators related to the care provision for migrant/refugee children

1a) In your opinion, what are the main obstacles in the provision of care for migrant/refugee children? Why? Can you give some examples?

« What makes your job difficult?
« Are you able to help them? If not why?

« Does this age group have characteristics that make it difficult to help?
« Are there skills/knowledge that would allow you to be more effective in helping?

» What are these skills/knowledges?

1b) In your opinion, what supports the provision of care for migrant/refugee children? Why? Can you give some examples?

« What would help your job?

» What skills/knowledge would facilitate your work with these children?

Aim 2. Perceptions and attitudes about professional training on the provision of care for migrant/refugee children

2a) In your opinion, how important is professional training related to the provision of care for migrant/refugee children and why? What impact
does professional training have on your care provision for migrant/refugee children in your practice? And what impact does the professional
training have on the interventions’ outcomes (health, biopsychosocial well-being)?

2b) What is your educational experience related to migrant/refugee children care? (search for knowledge, gaps and training needs of the

participants)

« Did you ever attend specific training on migrant/refugee children care?
« If not, did you attend specific training on assistance to migrants/refugees in general?
« How would you describe these learning experiences? Effective, engaging or not? Pros and cons and why.

« What would you change in these training? Why?
« What additional training do you consider necessary?

» What has made you/would make you feel satisfied in this training? What makes training on these issues effective?

« What instead makes it unsatisfactory?

Aim 3. Proposals to improve training on provision of care for migrant/refugee children

3a) Do you think that further training is needed for staff dealing with migrant/refugee children?

3b) Would you find further training useful for you?

3c) What content should training include, in order to cover needs and overcome the obstacles you have listed include? Why?

«Who should be trained?

« Should training be differentiated by profession or not? How would you structure it?
« What content would you include related to the health and care provision of migrant/refugee children?

« Which training methodologies? (e.g. case studies, role plays, other?)

« What other issues should be included to promote motivation, involvement and active participation? (e.g. duration, certification, etc.)
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to the main research questions (deductive approach)

while additional categories were defined as emerging

during the coding process (inductive approach). The

software used for the qualitative analysis was NVivo 12

Plus. Data saturation was reached when no new infor-

mation emerged. The tree-nodes has been applied to

the whole of the transcripts and the most meaningful
verbatim were identified.
The main themes addressed during the FGs were:

e the characteristics of care provision to migrant chil-
dren (probe: barriers and activators of the care provi-
sion for migrant/refugee children);

e the bio-psycho-social needs and the ability, at system
and at individual level, to address these needs;

e the training needs and methodologies.

RESULTS

In May 2019, 3 FGs were conducted at the Italian
National Institute of Health (Istituto Superiore di San-
ita) in Rome involving a total of 15 participants (93,3%
response rate). Table 2 summarizes the participants’
characteristics. Among the physicians, three were pe-
diatricians; the organizations were both public and pri-
vate, with a representation of NGOs of national and
international relevance (Medecins du monde, Save the
Children, International Organization for Migration, In-
terSOS, Medecins sans Frontieres, Caritas, Red Cross,
National Institute for Health, Migration and Poverty)
and operators of the Reception Centers (RC). The
majority of the involved physicians and psychologists
worked in the Roman area within the Health System, in
international institutions and reception centers.

Table 2

FGs participants’ characteristics (N = 15)
Data of participants N (%)
Country of origin
Italy 15 (100)
Mean age in years 46.3
Women 12 (80)
Men 3(20)
Education
Bachelor's degree or higher 14 (93.3)
Some technical school 1(6.7)

Professions
Physician 6 (40)
Pediatricians (3)
Psychologist 3(
Cultural mediator 2(
Child protection expert 2(133)

1(

1(

Social operator 6.7)
Administrative assistant 6.7)
Mean working time in years

Adult or any age 9.7
Migrant minor 7.7
Specific training

Any migrant 8(53.3)
Minor migrant 8(53.3)
Development of training course

Any migrant 10 (66.7)
Minor migrant 9 (60)

The average working experience with migrants was 10
years with regard to adults or any age and 8 years with
regard to minors, respectively. In most cases, they did
not have specific training on both migrants in general
and on migrant children, but most of them had partici-
pated in the development of training courses related to
social and health care.

Bio-psycho-social needs

One of the main emerged themes was the identi-
fication of minor migrants’ health needs, framed in
a bio-psycho-social holistic perspective (Figure 1).
The achievement of unaccompanied migrant minors’
(UMM) primary needs, like “give a supportive space...
a shower, a family space”, is part of the activities imple-
mented and to be implemented, although often accom-
panied by linguistic and cross-cultural barriers and by
unfamiliar care settings.

Migration has been described as a “fragmented” event
that breaks down the child’s needs on several levels of
care. In this context, the professionals and the operators
are requested to connect “these pieces” and, therefore,
the minor’s identity. This fragmentation causes a need
for reassurance and trust, which is especially expressed
on arrival and reflects the fear of “being sent away or
not being accepted”. Often their migration project does
not comply with “our migration stereotype which often
does not coincide with their history”. Therefore, includ-
ing their migration goal in the provision of care means
responding to their need to achieve it. Although many
experiences, in particular the “journey”, require migrant
minors to assume responsibility as adults, profession-
als recognize their need and right to be recognized and
treated as children especially when they “have to man-
age their own health and the health of their parents”.

Sometimes, the need for caring relationships in re-
ception overcomes the health needs because it allows to
“enhance all aspects beyond the more technical ones”.
About specific health needs, one of the main themes is
the reduced vaccination coverage or the difficulty in re-
constructing the child/adolescent’s vaccination history,
and the consequent lack of access to school. Another is-
sue is the higher risk of obesity “because diets change”.
In addition, the implementation of an inclusion and
integration process requires a guarantee for working
autonomy. Thus, adolescents need appropriate training
and/or gradual job placement.

Connect ‘the pieces” Primary needs

Right to be recognized as

children
Bio-psycho-social
needs

Reassurance and trust

Working autonomy Access to school

Migration goal Caring relationship in reception

Figure 1
Bio-psycho-social needs.
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Care provision

Professionals report an “infantilization” of minor mi-
grants and the consequent tendency to not recognize
their “edge over” that allows reaching a greater degree
of autonomy.

Volunteer tutors are an important resource because
they help to build a therapeutic relationship that is not
only conveyed “by pieces of paper”. The excess of bu-
reaucracy is also due by the recognition of the minor
age, which is not always univocal, generating difficul-
ties and slowdowns. The recognition of minor frailties
is challenging as it does not always occur in a multidis-
ciplinary and holistic way. In the case of a psychic vul-
nerability, especially in adolescents and UMMs, “little
work is being done towards prevention”, but rather at
an emergency level. Provision of care in the first 1000
days and childhood emerged as being complicated by
several issues emerge. In Western Countries, pregnancy
is considered as a potential risk condition, while migrant
women deem it as a physiological process. Breastfeed-
ing for 2 years and beyond is a well-received practice by
migrant women who unwillingly accept early weaning
(around 4-5 months), “they would like to start weaning
later”.

Regarding the UMMs, the organization should know,
at various levels, their narratives, especially for those
who have a greater vulnerability. Taking care of adoles-
cents mainly concerned the psychic area, such as bore-
dom and “suspended time”. To cope with this discom-
fort, it is the care facilities’ task to engage the adolescent
in “a calendar of activities”. The family custody of these
adolescents seems to be a long and tiring journey, and
this prevents the adolescents from completing their
migration project, whether it is to reach the “country
of hope” or to work in the host country. Furthermore,
there seems to be a “difficulty of the system to take care
of girls”, especially in the case of victims of trafficking
for whom “the offer of individual psychological support
is not always the most suitable solution” and should be
accompanied by support groups. These girls had expe-
rienced “missed adolescence and childhood” that could
be aggravated during the stay in the reception centers:
“... arrives the maman and they became victims three
times, because they could no longer even talk to us”.
The UMMs, especially adolescents, are identified in the
streets by the community services, within their “infor-
mal network”.

With regard to accompanied migrant minors, the dif-
ficulties are bureaucratic, mainly related to the lack of
access to services due to residence problems (e.g. the
registration with the family pediatrician) and family
problems “because the fragility of the family always af-
fects the child”. The new adults and minors approach-
ing 18 years of age are particularly vulnerable “because
they simply do not exist”, as they become adults with-
out the possibility of inclusion in institutional reception
systems. This greater vulnerability leads to psychologi-
cal problems without structured care pathways.

In the care relationship, the participants described
two main types of minors: the translator or interpret-
er of the family unit and “adult minor”. It has been a
common opinion that children, by fulfilling these func-

tions, are more fragile because they are invested with
a “responsibility that they should absolutely not have”.
In some cases the figure of “translator” is a direct con-
sequence of a system that does not provide the cultural
mediator as a support in the provision of care to the
migrant population. On the other hand, “adultization”
allows to reach a level of autonomy that differentiates
these boys/girls from the adolescents of the host coun-
try.

The participants provided indications to better re-
spond to minors needs. Among these, briefing, mutual
help, discussion and sharing within a multi-professional
and multidisciplinary team emerged, “to always have
focused everything on how to proceed”. This would
help to understand and overcome the critical points,
and to improve care. Clinical protocols would allow all
the actors involved in migrant children’s care to work
in a synergistic, clear and defined way. According to
some of the participants, the wide reception centres
(RCs) could represent a solution that allows them to
welcome migrants in a multidisciplinary way in order to
“feel part of this world”. On the other hand, others have
expressed favourable opinions for the widespread small
centres, linked by networks with local services, because
they could facilitate a real opportunity of integration
and a “truly intercultural world”.

The opportunistic provision of services, compared to
a pro-active offer, leads to inappropriate access to ser-
vices by migrants (minors and their families), such as
greater use of emergency services. Moreover, cultural
mediators, differentiated by gender, especially for gitls,
and ethnicity can facilitate the comprehension and the
response to bio-psycho-social needs.

The participants also addressed the topic of the vi-
carious trauma experienced by operators in situations
of emotional involvement, when coming into “contact
with dramatic stories”. The participants highlighted the
need of listening, sharing and support services for op-
erators, to guarantee them the possibility of unburden-
ing any problems they may be facing before emotional
distress occurs. There is also a need for “external super-
vision, both technical and psychological”, to overcome
the operators’ feeling of loneliness and not recognition.
Moreover, the participants raised the attention on the
emergence of stereotypes, that could lead to attribute
labels to the migrant person, and this “is very danger-
ous, because once it is given, all the other information
is read in this key”.

Barriers to care

The three FGs revealed obstacles to accessing health
services (Figure 2). The scarce availability of orientation
information and the reduced health literacy of migrants
make it difficult to access and use health services prop-
erly. While the prevention services are underused, there
is excessive and inappropriate use of emergency servic-
es. Health literacy is a key point for the adequate access
to services, as well as other aspects like food safety (es-
pecially for the preservation of food) and the conscious
use of drugs (e.g. over/misuse of antibiotics or vitamins
in children).

The barriers to the provision of care resulted to be
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Health Literacy Bureaucracy and legislation

Insufficient
information/orientation

Barriers to care

Fragmentation of services

Territorial inhomogeneity

Language barriers

Unstructured and insufficient

Cross-cultural barriers v
cultural mediation

Figure 2
Barriers to care.

also bureaucratic and legislative, e.g. the difficulty in
obtaining residence. A “bureaucratic delay” was found,
and it appears to be opposed to the common represen-
tation that migrants have of “a structured, fast and effi-
cient European world”. The cultural mediator, however,
is able to explain, especially to children, the rationale
behind bureaucracy and the necessary administrative
procedures, making them more comprehensible and
acceptable. One of the main difficulties is the registra-
tion with the National or Regional Health Service, that
is essential for the universal, free of charge care system.

The national repressive migration policies have gener-
ated insecurity and distrust among migrants, as the offer
of the reception system has been downsized. Moreover,
the territorial and national inhomogeneity contributes
to create obstacles because “a guideline is missing, pro-
tocols are lacking, in short, more standardized direc-
tions are missing”. This generates a fragmentation of
the services that often do not communicate with each
other, causing a “fragmentation” of the minor’s needs
and identity, and undermining continuity of care. In
spite of this, “some realities have successfully developed
a virtuous pathway” “...modelling their interventions
taking into account some cultural peculiarities”.

Language barriers represent one of the greater ob-
stacles to the provision of care, from the perspective
of migrants, professionals and administrative personnel
(e.g. information desk). This adds up to the lack of cul-
tural mediators to accompany the migrant throughout
his/her reception pathway. This figure is often not rec-
ognized by the reception system, it is not structurally
integrated within the Social-Health System and it is
not part of the programming of the services. This leads
to communication problems, reinforcing the idea that
cultural mediation, beyond translation, implies a trans-
cultural dialogue between the migrant person and the
care system.

The cross-cultural barriers between operators and
migrant minors were perceived as an obstacle that af-
fects both the migrant and the operators. As an ex-
ample, male circumcision, practiced during childhood
in some cultures/religions, could be “made possible in
public structures, hospitals, Local Health Authority”
contributing to eliminate the undeclared and dangerous
practice. Often the operators don’t know the culturally
different ways of caring for infants, because “we don’t
have the same cultural reference on caring”. Among the

barriers that emerged for migrants, there is poor adher-
ence and compliance to long-term drug therapies, espe-
cially by minor migrants; the non-acceptance of diag-
nostic techniques (e.g. blood sampling); psychological
disorders culturally interpreted in a different way by the
caregiver. The gender difference also seems to be an ob-
stacle, “in many cities the ability to take care of girls is
very lacking”, e.g. human trafficking and sexual victims.

Training

The target should include health professionals, edu-
cators, mediators, reception managers, technicians, ad-
ministrators, and, “in general, all those who will take
care of the child on a daily basis”. Training should be
planned according to the different professional speci-
ficities, with a special focus on those who interact with
children. The tutors and families to whom the minors
could possibly be entrusted were also identified as a
target of the training. It should be a specific training,
aimed to describe the process, the timing and the dy-
namics of welcoming and entrusting.

Training is considered as “a very individual thing” that
requires different timing for everyone, because “starting
from the same conditions, there are those who develop
immediately [knowledge and abilities]... and others
who do not” and help to be aware of one’s attitudes.
At the same time, it is evident that professionals attend
these courses according to their individual predisposi-
tion, causing a selection bias.

The training contents include the development of
counselling skills, the identification of the risk profile of
the minor migrant, and the social health determinants.
The latter, according to a “global health approach,
therefore an approach that takes into account the effect
of the social determinants of health on people’s lives.
We are talking about inequalities in health”. This will
support early identification of the situations of great-
est vulnerability. Another content to address is the pro-
cessing of sensitive data. Moreover, “training should be
centred on how to make these skills talk to each other”.

The training on the first 1000 days should involve
infant care, in its cultural declinations, breastfeeding,
complementary feeding, infant massage and job place-
ment of mothers. In addition, it is useful to give direc-
tions to the professionals on culturally sensitive good
practices related to child feeding, in order to not re-
sponding to a typical vision of our western societies but
to the mothers’ desire and cultural background. It is the
case of weaning, which is often advised before 6 months
and according to pre-set Italian dietary schemes. The
need to have a cross-cultural food pyramid emerged.
Another topic was infant feeding in emergencies and,
therefore, training “on the importance of breastfeeding
in war and emergency areas”.

The training methodologies considered most effec-
tive were those that provide for a higher level of active
participation of the learners (role-playing, discussion
of cases, etc...). In this type of training, the young mi-
grants can play the role of trainers, because the testi-
mony of their experience would allow people to get in
touch with each other (“Making stories speak”). The
Community of Practice could be an adequate tool, to
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promote collaboration among “police headquarters,
prefecture, immigration office, Local Health Authority
and reception centers”. It should be “a long-term so-
lution, which requires strong hierarchical coordination
both at the micro-level in the management of the single
center and at the macro-level in the management and
taking care of the minor”.

In participants’ experiences, the strengths of effec-
tive training were: multidisciplinarity and multi-profes-
sionalism; field training; a combination of theoretical
and practical training methodologies. The weaknesses
were, instead, pre-established training modules that do
not allow the active involvement of participants in the
construction of training objectives and needs and obso-
lete training programs that do not raise awareness on
reception.

The proposals to improve training included the in-
volvement of different professions, a training needs
analysis and the activation of the participants on their
own needs. Moreover, a follow up is required to moni-
tor the results achieved and whether these are preserved
over time. Pre-service and in-service training should be
included both in university curricula and in continu-
ous training, through Continuing Medical Education
(CME) accreditation.

DISCUSSION

In our study, we explored the health needs of minor
migrants and the barriers to care as a means to under-
stand and improve the professionals’ training and the
provision of care. During our FG, the participants re-
cursively addressed and showed greater interest in the
theme of minor migrants’ frailties and barriers to care.
Among the other aspects, the FGs brought to light the
professionals’ need for listening and discussion as they
experience a sense of isolation. As for the study results,
although the scientific literature is not extensive, we
found some consistency with other published studies.

The UMMs’ emerging needs are often the expression
of inadequate living conditions due to the migration
route from the country of origin to the host country.
Migrant minors in general, but in particular the UMMs,
face risks related to the social and political situations
of their countries of origin, and the modality, distance
and duration of the journey, and the arrival in the host
country; all elements that negatively impact on the psy-
cho-physical health. These findings are consistent with
the ISSOP position statement on minor migrant health,
reporting that these children show high rates of depres-
sion and post-traumatic stress disorder (PTSD) in the
first years after resettlement [16].

In our results, these aspects cause difficulties in tak-
ing care of minors. Language and cross-cultural barri-
ers undermine communication between service provid-
ers and people, produce insecurity in migrants, make
more difficult to build a therapeutic relationship based
on mutual trust and this can also negatively affect the
provision of primary care, the quality, and continuity
of care, as showed also by Dauvrin et al. [17]. More-
over, the care practices can be misinterpreted and con-
sequently not accepted by the migrant population. A
metasynthesis [18] analysed migrants’ views on obsta-

cles to accessing services. They included linguistic and
cross-cultural barriers related to belonging to an ethnic
group, religion, or country of origin that produce dis-
trust towards organizations and health professionals.
As emerged from our focuses, a strategy that migrants
put in place to deal with communications barriers is the
use, within the family, of children as translators. This
leads to problems related to greater fragility and re-
sponsibility of those children who are invested in carry-
ing out this function. Additional problems that emerge
from the literature concern the impairment of the par-
ents’ authority who rely on their child for interpretation;
the lack of school attendance by children who must ac-
company a family member to a health visit; parents and
children can experience emotional trauma, fear, embar-
rassment and shame [19]. Sometimes, the figure of the
“minor-translator” is needed to overcome the lack of a
system that does not include the structural integration
of cultural mediation and interpretation. In scientific
literature, the difference between cultural mediators
and interpreters is not always clear. According to the
Regional Office for Europe of the World Health Orga-
nization (WHO), mediators encourage and improve the
use of services by explaining the health care provided
and promoting the trust of migrants in the service and
the staff [19]. Interpreters, on the other hand, translate
spoken information from one language to another [19].
Our participants strongly support for active provision
of cultural mediation in the context of standard health/
social care, in a way that is efficient and sensitive to
gender and ethnicity. The shortage of cultural/linguis-
tic mediation is consistent with other authors’ findings
[20], causing the child to be used as interpreter and to
become an “adultized child”. “Adultization” also occurs
in other circumstances, e.g. when migrant children try
to improve the economic conditions of their families
[21].

At the same time, there is often a tendency to infan-
tilize children by not recognizing their degree of auton-
omy. Kanics et al. describe how this negatively impact
on the ability to exploit integration opportunities [22].
According to our findings, an intercultural approach is
necessary to address the difficulties to adapt to a new
culture and country while maintaining the native cul-
ture, as described also by Nakeyar C. et al. [23].

Failure to recognize the minors’ psycho-physical frail-
ties, the lack of multidisciplinary and multi-professional
management, and no specific cross-cultural skills, rep-
resents an obstacle to treatment. In our results, among
the frailties, emerged an increased risk of obesity and
overweight due to changes in eating habits. These data
are also confirmed by the Italian surveillance system,
which shows how the family context can influence the
lifestyles [24]. With regard to mental health, migrant
children are at high risk of mental and psychosocial
problems, including depression and PTSD [16]. These
frailties are reported in our study and result in difficul-
ties of integration, provision of holistic care, and access
to services that can harm the migrants’ health and in-
crease vulnerability. The inhomogeneity and, in some
cases, the lack of integration of health services, not al-
ways oriented to continuous and tailored care, reduces
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the possibility of adequate use of services, in particular
those relating to ordinary care. This leads to greater use
of emergency services. Several studies showed that the
probability of using emergency services is higher among
migrants than the local population [25] [26]. Another
reason that could explain this increased access is the
use, in the countries of origin, of emergency services as
first-line access to healthcare; this is especially evident
in countries where primary and community health care
is not widespread. Many migrant children may not have
access to adequate community preventive care and,
therefore, may not have adequate vaccination coverage
resulting in limited access to school. The poor vaccina-
tion coverage is mainly due to poor implementation of
primary prevention programs in the countries of origin
[26], but, as emerged from our study, it may also be due
to a difficulty in tracking and certifying the vaccination
pathways.

Our study highlights some areas that need to be
considered when planning training aimed at operators
involved in the provision of care for minor migrants.
These areas include context analysis and the capacity to
identify and address the main children’s needs and bar-
riers to care, comprising specific frailties and conditions
related to the migration process (e.g. PTSD, depres-
sion). Another area to be addressed is the professionals’
cultural competence and appropriate communication
and counselling skills. The professionals should also
improve their capacity to work according to a trans-
disciplinary, trans-sectoral, and trans-cultural approach.
Therefore, the training should promote a transforma-
tive (trans-formative) process and the co-construction
of a new/different way of provision of care, both on indi-
vidual and organizational level. Some specific topics re-
gard self-medication and therapeutic appropriateness,
abuse screening and prevention, sexual health, health
promotion, lifestyles and health literacy; maternal and
child health should be treated in the training according
to the WHO/UNICEF recommendations. The training
should also be aimed to improve awareness on bias and
prejudices of health professionals, that can contribute
to the vulnerability and impact health outcomes. On
the other hand, the operators are more likely to develop
a vicarious trauma, which exposes them to a greater risk
of “short circuit”. Aside from peer professional support,
specific training can help in developing awareness and
coping strategies, in order to prevent, recognize and
seek help in case of vicarious trauma and burnout.

A trans-cultural training on minor migrant health is
intended for a broad target. Indeed, there is a “selec-
tion bias” that leads professionals with higher motiva-
tion to be more frequently involved in social and health-
care pathways for minor migrants, compared to those
who are less interested in the migration issue. For this
reason, a transcultural approach falls within the core
competencies addressed by pre-service and in-service
(CME) education for all the health, educational, and
social personnel.

Our participants expressed a preference for training
methodologies that allow greater involvement and ac-
tive participation of learners. Among these, role-play-
ing, case-studies, and the activation of a Community of

Practice were mentioned. Berlin et al. (2010) described
the effectiveness of an educational method that com-
bines theory, practice, seminars, activities, and discus-
sion [13]. Previous studies on cultural competence
among health professionals have used various meth-
ods, such as didactic presentations, discussions, role-
playing, videos, and exercises [27]. A 2017 study, which
used and assessed the participatory approach of the
Community of Practice, showed how this could be able
to improve knowledge, attitudes, perceived skills, and
involvement of members belonging to the Community,
in order to optimize resources and skills by generating
new knowledge [28].

Continuous discussion and comparison through au-
dit and feedback strategies would help to make a critical
analysis of successful and unsuccessful strategies and
find shared solutions to improve the provision of care.
In general, clinical experiences have shown how these
moments of sharing and discussion between profession-
als lead to small but important changes in professional
practice [29].

This study has some limitations: the purpose sam-
pling and its small size may not allow considering all
the possible experiences in this field. Further research
involving the UMMs would provide a broader compre-
hension of the phenomena from their own perspective.

CONCLUSIONS

In our study, multiple organizational and individual
challenges have been reported in both care provision
to minor migrants and professionals’ training needs.
In light of these results, a guidance is given to train-
ers, lecturers, health/social/educational professionals,
reception systems, associations, NGOs, decision and
policy makers, and other stakeholders to orient training
planning, content and methodologies. A broad, a trans-
cultural approach is needed to promote the core com-
petencies during pre-service and in-service education.
Further studies are needed to develop and evaluate the
effectiveness of training programs in improving the cul-
tural competence of the operators and the consequent
improvement in migrants’ health and care.
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Abstract

Malignant mesothelioma (MM) is a rare neoplasm caused by asbestos. Mortality from
MM in <50 years old people, considering the long latency, is likely related to asbestos
exposure in childhood. Mortality from MM (C45, ICD10 code) is described among <50
years (ys) old people in Italy, in 2003-2016. National and regional Standardized Rates
(SRs) were computed by age-class. The North-South trend of regional SRs, increasing in
>50ys age-class, showed a flat cline in <50ys old people. Municipal Standardized Mor-
tality Ratios (SMRs) were computed, with respect to regional figures, for <50 ys old
population. In Italy, 487 people <50 ys old died from MM, in 2003-2016 (2.5% of all
MM deaths), corresponding to 35/year. The highest SMRs were observed in Northern
Regions, the most industrialized areas. Exceeding SMRs were found in 10 municipalities
where former asbestos-cement plants, shipyards, and a quarry contaminated by fluoro-
edenite fibres were present. Early mortality from MM, proxy of childhood environmental
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asbestos exposure, deserves particular concern.

INTRODUCTION

Malignant mesothelioma (MM) is a rare neoplasm,
originating from mesothelial cells of serous cavities
(pleura, peritoneum, pericardium, and vaginal tunic
of the testicle). Pleural MM represent about 80% of
all MM cases. MM is highly lethal and characterised
by a long period of latency (about 40 years and over)
[1]. More than 80% of MM cases are attributable to
asbestos exposure. All asbestos types are ascertained
carcinogenic to human (Group 1), causing with suffi-
cient evidence mesothelioma and lung, larynx and ovary
cancers. A positive association with cancers of pharynx,
stomach and colon-rectum was also reported [2]. Er-
ionite, a naturally occurring fibrous mineral, was also
confirmed to be an ascertained carcinogenic to human,
causing mesothelioma [2]. In addition, in 2017 IARC

defined fluoro-edenite, a previously unknown asbestos-
like fibrous mineral, as carcinogenic to humans (Group
1), on the basis of the ascertained causal link with MM
3].

The number of deaths from MM is currently used
to estimate the population burden of this neoplasm, in
light of its high lethality. Incidence data, as a matter of
fact, are not always available. Odgerel and colleagues
estimated the global burden of MM in the range from
36,300 to 38,400 deaths per year, in a 20 year-period
(1994-2014), considering 230 countries [4].

Asbestos is one of the most widespread occupational
carcinogens: the World Health Organization (WHO)
has estimated that around 125 million people world-
wide are currently exposed to asbestos at workplace
(www.who.int/ipcs/assessment/public_health/asbestos/
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en/). The Global Burden of Diseases (GBD) study esti-
mated about 63% of occupational cancers attributable
to asbestos in 2017 at global level, including 27,000
cases of mesothelioma [5].

Estimating the burden of MM cases due to non-oc-
cupational exposure is particularly difficult, though the
risk of pleural mesothelioma caused by the residence
near asbestos fibres sources (quarries, asbestos-cement
plants) is known [1, 6]. Some estimates show that about
20% of MM cases at global level could be caused by
non-occupational exposure to asbestos [6].

Italy was one of the main producers and importers
of raw asbestos until the ban in 1992 [7]. In Italy, in
2003-2014 period, 16,086 persons died from MM,
corresponding to 1,340 per year. Temporal trends
show an increase of mortality from MM, in particular
from pleural MM among men, in the last years [8].
The most recent report of the Italian Registry of Me-
sothelioma (ReNaM) identified 27,356 incident cases
of mesothelioma from 1993 to 2015, corresponding to
about 1,600 incident cases per year in the last period
[9]. Information on the exposure context was available
for 21,387 cases (78.2%): among these, 70.0% experi-
enced occupational exposure (certain, probable, possi-
ble), 4.9% domestic and 4.4% environmental exposure,
meanwhile for 1.5% of them the asbestos exposure was
related to leisure or hobby activity. For 20% of cases,
asbestos exposure was unlikely or unknown [9]. On the
basis of exposure ways reported in ReNaM database,
clusters of MM cases due to environmental exposure
were mainly related to the presence of asbestos-cement
plants, shipbuilding and repair activities and soil con-
tamination [1]. Regarding the last asbestos exposure
source, local investigations reported an exceeding risk
of MM in some Italian areas with naturally asbestos
fibres presence [10, 11]. MM cases were reported in
excess in an area of Pollino Mount (Basilicata Region,
Sothern Italy), where naturally serpentine and metaba-
site outcrops, containing asbestos fibres (namely, trem-
olite, actinolite and chrysotile), occurred [10]. In early
2000s, pleural and peritoneal malignancies were found
in excess in some municipalities of Upper Susa Valley
(Piedmont Region, Northern Italy), where tremolite
asbestos in rocks surfaced by natural ground erosion
or originating from construction activities [11]. MM
cases environmentally exposed were reported in areas
close to chrysotile and fluoro-edenite fibres containing
quarries [12, 13]. An investigation focused on female
MM cases found that non-occupational case-list of
ReNaM is characterized by the prominence of women
[14].

The improvement of early diagnosis of MM and the
establishment of registries recording people exposed
to asbestos are among the public health actions rec-
ommended by WHO (www.who.int/ipcs/assessment/
public_health/asbestos/en/). Moreover, during the Sixth
Ministerial Conference on Environment and Health,
the 53 countries of WHO European Region committed
to develop national programs to eliminate asbestos-re-
lated diseases, in agreement with the objectives of 2030
UN Agenda for Sustainable Development [15].

The issue of health risks originating from asbestos

exposure in children is rarely addressed, mainly due to
the low number of young mesothelioma cases and to
the difficulties to detect a causal role of past exposure
occurred during childhood. A systematic review on the
age at first exposure to asbestos and the risk of asbestos-
related diseases reported the studies published up to
July 2012 [16]. The object of the review was highlight-
ing the difference in MM risk, on the basis of the age
at first asbestos exposure. Six studies reporting risk of
MM mortality by age-class, childhood included, among
occupational and environmental asbestos exposed sub-
jects [17-22] were considered. Four studies found the
highest risk in subjects aged 15 years (ys) or less at first
exposure [17-20], meanwhile the other one reported a
lower risk in subjects exposed at young age (less than
20 ys) than in adulthood [21]. The subjects exposed at
birth showed the highest risk in the only study that in-
cluded birth as age at first exposure [22]. Regarding the
highest risk age at first asbestos exposure, the results
of all studies, also restricting to only residential expo-
sure investigations, were not consistent. The Authors
concluded that because of the low number of the stud-
ies and their limitations the results are inconclusive and
further studies are needed [16].

More recently, some cohort studies analysed the
risk of MM among populations residentially exposed
to asbestos in childhood. Dalsgaard and colleagues
performed a cohort study on the incidence of MM in
former children attending four schools located near an
asbestos-cement plant in Aalborg [23]. The median age
at diagnosis (similar in school and reference cohort)
was 61 years (34-74 ys). MM was diagnosed more than
30 years after the school attendance in the majority of
cases. Higher risk (Hazard Ratio: HR) in school cohort,
adjusted for occupational and familial occupational ex-
posure, was found and the results were confirmed also
restricting the analysis to the subjects without occupa-
tional or familial occupational exposure. Similar HRs
were shown in men and women, with M/F ratio in the
school cohort equal to 1.2:1, as assumed for environ-
mental exposure. The results suggested that childhood
environmental exposure is an important risk factor for
MM in late life [23]. Increased risk (OR = 3.3; 95% CI:
1.4-7.7) in subjects attending grammar school in Casale
Monferrato, where the largest Italian asbestos-cement
plant operated, was also reported in a case-control
study on pleural MM incidence [24].

The risk of asbestos-related diseases in the population
living near the Wittenoom crocidolite mine in Australia
was investigated in several studies [21, 25, 26]. In the
cohort analysis after 30 years and more of follow-up,
increased incidence and mortality risk from several can-
cers, including mesothelioma, were found among adults
living at Wittenoom in childhood (aged <15 ys) [25].
However, in a subsequent analysis of MM incidence,
difference in risk between the subjects exposed in child-
hood (<15 ys) and adulthood was not observed [26],
confirming the previous findings [21].

In 2017 a study on the association between residential
exposure to Libby amphibole asbestos (LAA) prior to
age 18 and respiratory symptoms in late life (median age:
25 ys) was published [27]. Pleural or interstitial changes
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on chest x-ray or HRCT were not found, but several re-
spiratory symptoms, including self-reported pleural chest
pain, among young adults were associated to childhood
environmental exposure to LAA and were highlighted as
a possible indicator of future respiratory diseases [27]

The Surveillance, Epidemiology and End Results
(SEER) database reported a lower M/F rates ratio for
MM cases aged under 65, with respect to those aged
65 and over [28].

Few studies on MM risk have been performed in
Latin-American countries. A recent mesothelioma
case-series in the municipality of Sibaté, where a ma-
jor Colombian asbestos-cement facility is located was
published. Some of the characteristics of the observed
MM cases are represented by the early age at diagnosis,
the sex-ratio approaching one and the absence of occu-
pational exposure to asbestos, thus suggesting a major
role of environmental exposure [29].

In Italy, the mortality from pleural mesothelioma by
age-class was reported for 2003-2009 period [30]. In 0-39
age-class, 8 male and 7 female deaths were observed,
corresponding to 0.01 (95% CI: 0.005-0.02)/100,000 in
men and 0.01 (95% CI: 0.004-0.02)/100,000 in women.
In the same period the corresponding rate in the over-
all population was 2.8 (95% CI: 2.7-2.9) and 0.8 (95%
CI: 0.8-0.9) /100,000, in men and women, respectively.
The M/F ratio in 0-39 year age-class was equal to 1,
meanwhile in the older age-classes male death rate was
about 3-fold that of females rate: M/F = 3.4 in subjects
aged 40-75 and M/F = 3.3 in 76-99 age-class [30].

The incidence of MM cases in Italy, in different age-
classes by modality of exposure, on the basis of ReNaM
database, was reported in Marinaccio, et al. 2015 [1].
MM cases aged less than 45 ys at diagnosis were rare,
accounting for 2.4% of all cases recorded in 1993-2008
period (15,845 MM cases). Significantly, lower mean
age at diagnosis was observed in non-occupationally ex-
posed, in particular in those with an environmental ex-
posure, compared to the cases exposed in occupational
settings (67.2 and 66.1, respectively, vs 68.1). The mean
age at first exposure was significantly lower in subjects
environmentally exposed than in those occupationally
exposed (17 vs 22.5 years, p value <0.001) [1].

Considering the long period of latency, the high
mortality rate and the high attributable fraction to
asbestos exposure, early deaths from MM could rep-
resent a proxy of exposure in childhood. Studying the
early occurrence of mesothelioma has relevant public
health and ethical implications in terms of health pro-
tection by unintentional exposure to environmental
hazards in children, also considering the hypothesis
of a highest vulnerability to environmental risk of this
age-class population [31, 32]. Temporal and spatial
distributions of early MM deaths could contribute in
estimating the health impact of non-occupational ex-
posure to asbestos in childhood. This is the case, for
example, of the children living in areas contaminated
by asbestos fibres or indirectly exposed to asbestos in
domestic context, because of occupational activities of
the parents.

In Italy, a preliminary analysis of early malignant
pleural neoplasms (MNP) mortality, showed 1,594

early deaths (<50 ys) from MNP in 1980-2010 period
(55 per year on average, annual standardized rate =
0.2/100,000) and identified 147 municipalities where
early mortality from MNP was significantly higher than
the expected (mainly located in Regions mostly affected
by activities involving asbestos exposure) [33].

The present study describes mortality from MM in
Italy in people younger than 50 years (<50 ys) and its
geographical distribution, as a possible marker for envi-
ronmental exposure to asbestos in children.

MATERIALS AND METHODS

This study is based on data of mortality from malig-
nant mesothelioma (MM) at municipal level that are
included in the cause-specific mortality database man-
aged by the Statistical Service of the National Institute
for Health, and provided by the Italian National Insti-
tute of Statistic (Istat).

Mortality from MM was analysed in a 14 year-period
(2003-2016), the most recent years available at the be-
ginning of the study, from ICD10 revision application.
The MM deaths included in the study were all those re-
corded in the specific diagnostic category of malignant
mesothelioma C45 (ICD-10).

National and regional standardized mortality rates
(SR, direct method, 2013 European population as
reference: https://ec.europa.eu/eurostat/web/products-
manuals-and-guidelines/-/KS-RA-13-028) and their
90% Confidence Intervals (90% CI), in the population
<50 and >50 ys old, were computed by gender.

Standardized Mortality Ratios (with 90% CI) in the
subpopulation <50 ys old were computed for each of
the 21 Italian Regions and Autonomous Provinces and
for the 8,047 Italian municipalities, using national and
regional age-class and gender specific rates as referenc-
es, respectively. 90% Cls were estimated based on Pois-
son’s distribution, if the observed cases were less than
100, otherwise on Byar method. Considering the low
number of cases, SMRs were computed for the overall
population, including both men and women, to reach a
less broad CI.

RESULTS

In Italy, during 2003-2016 period, 487 persons <50 ys
old died from MM (34.8 cases/year, on average), cor-
responding to 0.096 cases/100,000 inhabitants. These
cases represent 2.5% of all deaths from MM in the same
period (19,315 cases). Table 1 shows the number of all
MM cases and the corresponding standardized rates
(SR), by age-class (<50 and >50 ys) and gender.

The number of deaths from MM, by site, age-class
and gender is reported in Table 2. The percentage of
peritoneal MM, with respect to all MM deaths, is high-
er in <50 ys old people than in >50 ys old, among both
sex (12.5% vs 3.8% in men and 16.7% vs 5.7% in wom-
en). Among young adults, the percentage of pleural
MM, with respect to all MM, in men is higher than in
women (73.5% vs 66.7%); in the latters, the percentage
of peritoneal and other MM, equal to 16.7%, is higher
than in male population.

The ratio of male to female standardized rates (SRm/
SRf) is equal to 1.8 in the young sub-population (<50
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Table 1
Mortality from malignant mesothelioma: cases and age-standardized death rate, by age-class and gender. Reference: 2013 Euro-
pean population. Period: 2003-2016

Men
Age (years) Cases ASR (90% CI)
<50 313 0.16 (0.14-0.18)
>50 13,511 9.34(9.21-9.18)
Women
<50 174 0.088 (0.074-0.105)
>50 5317 2.73 (2.67-2.80)
Overall
<50 487 0.12 (0.11-0.14)
>50 18,828 5.57 (5.50-5.63)

ASR: Age Standardized death Rate (n. deaths/100,000 inhabitants); 90% Cl: Confidence Interval.

Table 2
Mortality from malignant mesothelioma (MM), by site, sex and age-class: number of cases and percentage with respect to all MM
deaths. Period: 2003-2016

Cause of death ICD Men cases (%) Women cases (%) Overall cases (%)
Age <50

Mesothelioma of pleura C45.0 230 (73.5) 116 (66.7) 346 (71)
Mesothelioma of peritoneum C45.1 39(12.5) 29 (16.7) 68 (14)
Other mesothelioma C45.2-C459 44.(14.1) 29 (16.7) 73 (15)
Mesothelioma (all) C45 313 (100) 174 (100) 487 (100)
Age >50

Mesothelioma of pleura C45.0 11080 (82) 4246 (79.9) 15326 (81.4)
Mesothelioma of peritoneum C45.1 514 (3.8) 303 (5.7) 817 (4.3)
Other mesothelioma C45.2-C459 1917 (14.2) 768 (14.4) 2685 (14.3)
Mesothelioma (all) 45 13511 (100) 5317 (100) 18828 (100)

ys) and 3.4 in older population (>50 ys), in overall pe-
riod 2003-2016. Figure 1 shows the national M/F ratio
by year.

The geographical trend of regional MM mortality
standardized rates, by Istat macroarea (North-West,
North-East, Centre, South and Islands) and age-class

is shown in Figure 2. In <50 ys old population the cline
is flat, meanwhile a decreasing North-Southern trend
is observed in overall and >50 ys old people (Figure 2).

Regional SMRs from MM in young population (<50
old) are showed in Table 3 and Figure 3 reports the geo-
graphical distribution.
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M: male standardized rate; W: female standardized rate

Figure 1

Mortality from malignant mesothelioma. Annual trend of sex ratio (male standardized rate/female standardized rate), by age-

class. Period: 2003-2016.
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Figure 2

Mortality from malignant mesothelioma. Regional standardized rates (/100,000), by Istat macroarea (North-West, North-East, Cen-
tre, South and Islands) and age-class. 90% Confidence Intervals. Period 2003-2016.

Table 3

Mortality from malignant mesothelioma, in <50 years old pop-
ulation. Standardized Mortality Ratio by Region. Reference: Na-
tional Rate. Period: 2003-2016

Region OBS SMR (90% CI)
Piedmont 73 204.0 (168.4-247.3)
Aosta Valley 1 93.2 (20.8-417.7)
Lombardy 115 141.1 (121.1-164.5)
Bolzano 5 120.3 (58.6-247.1)
Trento 1 23.1(5.16-103.8)
Veneto 25 60.9 (43.9-84.4)

Friuli-Venezia Giulia 5 49.7 (24.2-102)

Liguria 18 141 (95.9-207.2)
Emilia-Romagna 35 97.7 (74.1-129)
Tuscany 28 93.7 (68.8-127.7)
Umbria 5 71.8 (34.9-147.5)
Marche 10 81.3 (48.6-136)
Latium 34 726 (54.8-96.2)
Abruzzo 4 37.9(17.0-84.5)
Molise 2 79.7 (26.4-241)
Campania 46 99.7 (78.3-126.6)
Apulia 26 81.1(58.8-111.9)
Basilicata 2 429 (14.2-129.6)
Calabria 12 77.5(484-124)
Sicily 35 894 (67.8-118)
Sardinia 5 358(17.4-73.5)

OBS: Observed cases; SMR: Standardized Mortality Ration; Cl: Confidence
Interval.

[ ] SMR <100 statistically significant

[ ] SMR <100 statistically not significant
[[] SMR >100 statistically not significant

[ SMR >100 statistically significant

Figure 3

Mortality from malignant mesothelioma, in <50 years old pop-
ulation. Geographical distribution of Standardized Mortality
Ratio (SMR), by Region. Period: 2003-2016.

The early mortality (<50 ys) from MM at regional
level as compared to national rates, show higher risks
in some Northern Italian Regions: Piedmont and Lom-
bardy display SMRs significantly higher than 100, Li-
guria and Bolzano Province have rates higher than the
National one, even if the CI lower limit is <100.

In the analysis at municipal level, 357 out of the 8,078
Italian municipalities showed at least one MM death
<50 years old, in the study period. In ten municipalities
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OBS: Observed Cases; SMR: Standardized Mortality Ratio; Cl: Confidence
Interval.

Municipality OBS SMR (90% CI)

La Spezia 3 396.4 (158.4-991.8)
Stradella 3 3132.2(1251.8-7837.4)
Quattro Castella 3 2728 (1090.2-6825.8)
Torre Annunziata 3 927.01 (370.5-2319.6)
Alessandria 4 5382 (241.6-1198.8)
Biancavilla 4 2324.2 (1043.5-5177.1)
Monza 4 393.7(176.8-877)
Broni 6 8095.0 (4186.0-15654.2)
Genova 11 229.9 (140.7-375.7)
Casale Monferrato 17 5805.9 (3906.1-8629.7)

Figure 4

Early mortality from malignant mesothelioma (<50 years old). Municipalities with SMR and 90% Confidence Interval Lower Limit

>100, based on at least 3 observed cases. Period: 2003-2016.

a statistically significant excess risk (based on at least 3
cases) was observed (Figure 4).

DISCUSSION

In Italy, 2.5% of all deaths from MM occurred in <50
years old people (487 cases in 14 years, 2003-2016),
corresponding to around 35 deaths per year, on aver-
age. Considering the long period of latency of the dis-
ease and the high attributable fraction to asbestos ex-
posure, these deaths could be probably due to asbestos
exposure occurred in childhood.

Several previous investigations, reporting excesses of
early mortality from MM in people exposed to asbestos
in childhood [23-26], corroborate this hypothesis. For
this reason, localized excesses of MM mortality in <50
ys old people, could also be used as a sentinel event of
past, or current, contexts of environmental exposure to
asbestos.

Considering the causal link between MM and fibres
[2, 3], we highlight that no information on the presence
of erionite outcrops either erionite exposure contexts
for the population in Italy has been reported. Contexts
of exposure to fluoro-edenitic fibres were detected in a
specific area that will be considered in the comments of
the present findings.

The lower MM mortality ratio of male to female in
young age-class, compared to that in >50 ys old popula-
tion (1.8 »s 3.4), corroborates the hypothesis of a non-
occupational asbestos exposure in early MM cases.
This hypothesis is confirmed by data from ReNaM,
that showed a significantly higher F/M gender ratio in
environmentally exposed cases than in overall and oc-

cupationally exposed cases (1.19 vs 0.38 and 0.14, re-
spectively) [14]. MM Female/Male rate ratio about 1:1
in under 65 people was reported also in US population
[28] and among MM cases residentially exposed to as-
bestos in childhood, in Aalborg [23].

In addition, the percentage of incident cases reported
in ReNaM database with a history of occupational ex-
posure is lower among subjects <50 years than in >50ys
old (37% vs 56%); the proportion of MM incident cases
with environmental/familial exposure is around two-fold
significantly higher in the young (<50 ys) with respect
to older cases (16% vs 8%) [9]. Furthermore, ReNaM
findings provide evidence of a percentage of unknown
or unlikely modalities of exposure higher in young MM
patients (<50 ys old at diagnosis) than in older cases
(24.6% and 15.6%, respectively) [9].

The analysis of mortality by MM site, age-class and
gender (Table 2) highlighted a higher percentage of
peritoneal MM in young adult (<50 old) than in >50
old people, among both gender (12.5% vs 3.8% in men
and 16.7% vs 5.7% in women). In addition, our evalu-
ation showed that in both age-classes the percentage
of peritoneal MM, with respect to all MM deaths, is
higher in women than in men. In a previous investiga-
tion on peritoneal mesothelioma risk in Italy, based on
multiple-causes mortality and ReNaM incidence da-
tabase, the 0-44 years age group had a higher propor-
tion of incident peritoneal MM cases (6.2%) than of
pleural MM (2.4%). In the same age group, 34.7% of
deaths and 44.4% of incident cases for peritoneal MM
occurred among women [39]. The issue of misclassifica-
tion of ovarian cancers in peritoneal mesothelioma, as
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well as of other abdomen contiguous tumours, has been
discussed in recent papers [39-42].

The analysis of regional SMR distribution showed the
highest mortality risk from MM among young adults
in some Northern Regions. The same geographical
pattern was observed in the general population mor-
tality from MM, following the industrial geographical
distribution in the country, with the highest industrial-
ization rate in Northern Italy [8, 30, 38]. In particular,
the former Italian largest asbestos-cement plants were
located in Broni and Casale Monferrato, Lombardy and
Piedmont Region (North-West) respectively. In Liguria
Region (North-West Italy), several shipyards and naval
industries are still operating. The high SMR found in
Bolzano Province has never showed before, and de-
serves further in-depth analysis.

The presence of these activities could explain the geo-
graphical North-South trend observed in overall and
>50 ys old people, with the highest SRs in North-West
macroarea. The flat cline observed in young adults (<50
ys old) corroborates the hypothesis of a less contribute
of occupational exposures in early MM mortality.

At municipal level, significant exceeding SMRs
(based on 3 or more observed cases) in young adults
(<50 ys old) were observed in municipalities with known
asbestos sources: asbestos-cement plants (Broni and
Stradella, Casale Monferrato), shipbuilding and repair
activities (Torre Annunziata, La Spezia and Genova)
and a quarry contaminated by fluoro-edenite fibres (Bi-
ancavilla), characterized by a high mortality from MM
in the general population also [8]. The presence of the
same asbestos sources was related to clusters of non-
occupationally exposed MM incident cases [1].

The case of Biancavilla municipality (Sicily Region,
South Italy) represents an example of appropriateness
of using early mortality as a marker of residential asbes-
tos exposure in children. A high risk of mesothelioma in
the population living in this municipality related to envi-
ronmental exposure to fluoro-edenitic fibres contained
in the stone quarry located in the municipality has been
highlighted, since the late Nineties [34]. The epidemio-
logical investigations performed in Biancavilla, corrobo-
rated by animal studies, contributed to the evaluation
by IARC of the carcinogenicity of fluoro-edenite [3]. In
1980-2010 period, 6 deaths from MNP »s 0.6 expected
were observed in this municipality (SMR = 1,003, CI
90%: 437-1,980) among people aged 50 ys or less. Ex-
tending the analysis to municipalities located wit:hin a
radius of 10 km from Biancavilla, the number of MNP
deaths rose to 11 (SMR = 367, CI 90%: 206-608) [35].
Same results were found by the analysis of MM incident
cases living at the diagnosis in Biancavilla, based on Re-
gional Operating Centre of ReNaM database. A higher
value of Standardized Incidence Ratio (SIR), with re-
spect to regional figures, was shown in people aged less
than 50 years (5 cases, SIR = 2,134, 95% CI: 693-5,000)
than among older people (19 cases, SIR = 474, 95% CI:
285-739), even if based on a low number of cases [13].

Regarding Alessandria, Monza and Quattro Castella,
the other municipalities reported in Figure 4, no spe-
cific etiological hypotheses have so far been raised. An
excess of mortality from pleural mesothelioma, in the

male population, was previously observed in Quattro
Castella [36]. In these contexts, ad hoc in-depth studies
appear to be warranted.

In spite of the uncertainty of the computed estimates,
due to the low number of observed and expected cases,
these results deserve specific concerns, in view of the
rarity of the phenomenon and the ethical implications,
considering the possibility of a childhood exposure to
environmental risks.

Some limitations of the present study need to be dis-
cussed.

A limitation is related to the use of mortality data in
the detection of mesothelioma cases. A possible under-
estimate of MM cases in asbestos occupational cohort
studies using mortality data, with respect to incidence
data, was debated [37]. Misclassification caused by the
use of death certificates was discussed also in previous
papers on the surveillance of mesothelioma mortality in
Italy [30, 38]. The use of the 10th revision ICD code,
available in Italy at national level since 2003, includ-
ing the specific morphological code of malignant meso-
thelioma reduces the possible misclassification. In ad-
dition, the high mortality rate of the disease mitigates
the possible bias, but a remaining effect could not be
ruled out, and some prudence in the interpretation of
the data is appropriated.

Moreover, a limitation could be represented by the
use of the residence at death as a proxy of the childhood
residence. The geographical analysis, performed in or-
der to identify the areas with possible asbestos sources,
was carried out on the basis of the residence transcribed
in death certificate (as Istat database) while, taking into
account the long period of the latency, the place of resi-
dence during childhood, where exposure to asbestos
probably occurred, might have been different.

In addition, regional and municipal SMRs have been
computed for men and women combined to improve
the precision of the estimates, considering the ratio
F/M close to one in early MM mortality. Studies ana-
lysing the distribution of early MM deaths by site and
gender, with suitable methods, appear appropriated.

Further investigations, based on the integration of
MM mortality and incidence data, the latter from Re-
NaM database, could reduce parts of these limitations
and furnish a useful focus on this issue. The analysis of
early MM occurrence, by site of MM, sex and expo-
sure modality, based on individual database, appears of
particular concern, taking into account also the specific
F/M ratio among young adults.

CONCLUSION

The analysis of early mortality from MM showed
that in Italy, in 2003-2016 period, 487 people <50 ys
old died from MM, corresponding to 2.5% of all MM
deaths, due to a likely non-occupational asbestos expo-
sure in childhood.

Geographical distribution highlighted regions and,
particularly, municipalities with the highest risks of
MM mortality for this specific population age group.

These signals, though characterised by uncertainty,
require to implement specific public health and envi-
ronmental remediation actions, and further in-depth in-
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vestigations, in the light of their ability to identify past,
or still on-going, environmental sources of exposure
that could impact on childhood population.

The findings of the present study provide evidence of
the usefulness to use early MM mortality data as a proxy
of asbestos exposure in people affected in young age,
particularly where individual assessment of exposure
is not available. This possibility might be common in
low- and middle-income countries where environmental
exposure to asbestos in children is a critical issue [43]
and where suitable experiences of surveillance systems
of mesothelioma incident cases, including the individual
evaluation of the modalities of exposure, still lack.

The use of the adopted methods, based on mortality
data, to replicate the study in other countries could give
an important information on the environmental expo-
sure to asbestos, at global level.
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Abstract

The results obtained with basic research showing significant therapeutic promise are
often not translated into clinical applications. The purpose of translational research is to
favour the transition of basic research to application at the patient’s bedside, and from
here to routine clinical practice (without excluding the opposite pathway, in which the
evidence generated by clinical practice helps to guide research). Although translational
research can provide patients with valuable therapeutic resources, it is not risk-free. The
most significant ethical issues in translational research on medicinal products derive
from the risk of the intention to shorten the timeframes for the application of the results
of the research making the scientific methods adopted and the regulatory requisites to
be satisfied along the long path from the bench to the patient’s bedside less rigorous.
This is also relevant during pandemics when shortening the timeline from basic research
to bedside is even more crucial. It is therefore necessary to establish defined and agreed
requisites in order to guarantee the ethicality of translational research, by promoting the
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good of individuals and minimising the risks.

WHAT IS TRANSLATIONAL RESEARCH?

Translational research has been defined in many dif-
ferent ways. According to the American Physiological
Society, translational research promotes “the transfer
of knowledge gained from basic research to new and
improved methods of preventing, diagnosing, or treat-
ing disease, as well as the transfer of clinical insights
into hypotheses that can be tested and validated in the
basic research laboratory” [1]. Indeed, many scientific
discoveries never go beyond the laboratory bench and
are failing to be translated efficiently into tangible hu-
man benefit. Translational research aims to overcome
this situation.

The objectives of translational research are: i) to
translate scientific knowledge from laboratory and pre-
clinical research to clinical research on human subjects;
and ii) to transfer the knowledge generated in biomedi-
cal research into clinical practice [2].

The “translational research” debate has ranged for
a long time and has been particularly lively since the
1970s [3]. A number of definitions of “translational
research” have been put forward [4]. Generally speak-
ing, the most frequently used expression and that sum-
marises the various different definitions is “from bench

to bedside”. Indeed, “a translational researcher is some-
one who takes something from basic research to a pa-
tient and measures an endpoint in a patient” [5].

The European Society for Translational Medicine
(EUSTM) defines translational medicine as an “inter-
disciplinary branch of the biomedical field supported by
three main pillars: benchside, bedside and community.
The goal is to combine disciplines, resources, expertise,
and techniques within these pillars to promote enhance-
ments in prevention, diagnosis, and therapies” [6].

With a broader outlook, translational research is “a
dynamic and iterative process that includes synthesis,
dissemination, exchange and ethically sound appli-
cation of knowledge to improve the health (...), pro-
vide more effective health services and products and
strengthen the health care system” [7].

The definition given by the American Physiological
Society [1] also stresses the fact that translational re-
search must not exclude the opposite pathway, on the
basis of which the experience obtained through clinical
practice can guide the developments of research [8].

Favouring the transition from laboratory data to prac-
tical application is necessary in all areas of biomedical
research, but it is particularly important in the case of
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medicinal products, including vaccines, discovery and
development. As is well known, there is a particularly
long interval between basic research and the registra-
tion of a new medicinal product: this can be to the det-
riment of patients, especially when there are no alterna-
tive treatment options available or during epidemics as
in the current case of SARS-CoV-2.

The case of vaccines, however, has some peculiari-
ties that differentiate it from clinical trials of medicinal
products. In particular, the spread of SARS-CoV-2 has
reopened a heated debate on the possibility of autho-
rizing and carrying out “challenge trials”. Human chal-
lenge studies involve the deliberate infection of healthy
volunteers. Such studies can be faster to conduct than
vaccine field trials, in part because far fewer partici-
pants need to be exposed to experimental vaccines in
order to provide preliminary estimates of efficacy and
safety. The World Health Organization [9] has provided
conditional approval to this extraordinarily contentious
practice of ‘challenge studies’ for Covid-19 vaccines.
However, challenge studies are difficult to admit due to
serious ethical issues.

The path of translational research starts from labora-
tory research and reaches clinical application. Hence,
it also includes animal experimentation. This contribu-
tion, however, focuses on human experimentation, from
the “first in man” phase to the commercial availability of
a new drug: it is in human experimentation, in fact, that
the most relevant ethical problems arise.

TYPES AND PHASES OF RESEARCH

The pathway that research takes from the lab through
to clinical application can be split into a number of
stages. A number of different classifications have been
proposed on the basis of different criteria.

One reprocessed approach [10] based on the classifi-
cation put forward by Stokes [11] sees two orthogonal
axes (Figure 1). The horizontal axis represents relevance
to immediate application. The vertical axis represents
relevance to the advancing of knowledge. The area be-
tween the two axes has been split into four quadrants.
The quadrant that is least relevant with regard to both
immediate application and the advancing of knowledge

Hight

Curie quadrant Pasteur quadrant

Relevant advancing
of knowledge

Waste quadrant Doll quadrant
Low
3
Low Hight
Relevant to immediate application
Figure 1

Quadrant model of scientific research.

constitutes the “waste quadrant”, and is home to those
research projects that do not make significant contribu-
tions to either the advancing of knowledge, or imme-
diate application. The quadrant corresponding to high
relevance to immediate application but little relevance
with regard to the advancing of scientific knowledge
is known as the “Doll quadrant”, because of Richard
Doll’s work with Bradford Hill to identify smoking as
a cause of lung cancer. The quadrant corresponding to
the area of high relevance to advancing of knowledge,
but poor relevance to immediate application, is known
as the Curie quadrant, referring to the importance of
the research Marie Curie conducted on radiation.
The quadrant referring to the area of high relevance
for both immediate application and the advancing of
knowledge is known as the “Pasteur quadrant”, as the
scientific knowledge generated by Louis Pasteur had an
enormous impact in reducing the morbidity, mortality
and economic costs of infections. Translational research
falls in this quadrant.

The different interpretations of the development of
research also translate into different interpretations of
the role of translational research. Three major “families”
of interpretations can be identified [12]:

1. the “gap” model, which has adopted, above all, by
the “Clinical Research Roundtable” (CRR) working
group [13]. According to this model, translational re-
search bridges the gap between basic knowledge and
clinical research in order to translate the knowledge
generated from basic research into benefits for patients
and / or the general population;

2. the “continuum” model corresponds with the in-
terpretation given, for example, by Khoury et al. [14].
According to this model, basic research and clinical re-
search are part of a same process in which phases are
relatively continuous. In this perspective, the advanc-
ing of knowledge is translated through a “continuous
research spectrum and phases in this continuum are
labelled by common setting or research methods” [12];

3. the “mixed” model interprets the initial phases (ba-
sic research) in the same way as the “gap model” and
the later stages of applied research in the same way as
the “continuum” model [15].

ETHICAL ASPECTS

In the debate on translational research, significant
space is dedicated to research organisation and man-
agement, for example regarding funding and staff train-
ing. For example, according to the abovementioned
“Clinical Research Roundtable” (CRR) working group,
the shortcomings in the transfer of the knowledge ob-
tained with basic research to application are due to “2
major obstacles, or translational blocks: impeding the
translation of basic science discoveries into clinical
studies and of clinical studies into medical practice and
health decision making in systems of care” [13]. Ac-
cording to the CCR, these two obstacles are associated
with four “central challenges facing clinical research at
present”, namely “public participation, information sys-
tems, workforce training, and funding” [13].

Although the organisational and managerial aspects
are relevant, in this paper we intend to focus in par-
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ticular on the aspects that are most important from an
ethical standpoint. It goes without say that the organ-
isational and managerial aspects are closely intertwined
with the ethical aspects [14]. For example, analyses of
translational research promotion policies often reveal a
need for funding: it would be important to adopt a na-
tional investment plan for research. However, without
playing down the importance of adequate investments,
the efficacy of translational research depends above all
on the capacity to draw new lines and innovate, and
this has a significant ethical relevance. This is particu-
larly important in the case of research for new medici-
nal product discovery and development, where, despite
disposing of significant funding from large companies,
some of the many research projects that prove to be
fruitless could, in actual fact, lead to useful applications
if developed appropriately.

At the same time to make available new drugs and
vaccines in an equitable way requires considering the so
called “innovation science”: to be successful in a system
innovation requires precise reflections, planning and
implementation policies.

Innovation Science encompasses a broad space [15].
It can contribute to the improvement of translational
research by moving from a “hardware” approach (by re-
structuring organisation charts, upgrading procedures,
etc.) to a “software” one (which reflects the complexity
of the system and respect its resilient features, which
often appear unexpectedly, arising from interaction
of smaller or simpler entities). In this perspective, we
might adopt new models that appreciate the complexity
of the systems ad understand that changes is always un-
predictable and needs to be tailored to the setting [16].

In other terms, the traditional conception of medical
knowledge as a linear pipeline moving from evidence
created in the laboratory through clinical trials and fi-
nally, via new tests, drugs or vaccines into clinical prac-
tice, is no longer sustainable. Complexity science forces
us to consider the dynamic properties of the systems
and the varying characteristics: the health system is
probabilistic and stochastic rather than strictly deter-
ministic, and often the characteristics of the compo-
nents are secondary to the relationships of the compo-
nents themselves [17].

Without playing down the ethical and non-ethical
relevance of general policy, the most significant ethi-
cal issues in translational research on medicinal prod-
ucts derive from the risk of the intention to shorten the
timeframes for the application of the results of research
making the scientific methods adopted and the regula-
tory requisites to be satisfied along the long path from
the bench to the patient’s bedside less rigorous [18].
This could expose the subjects taking part in the re-
search to undue risks. This is a crucial topic, with many
different facets [19]:

1. The safety and welfare of the subjects taking part in the
study. The researchers are under obligation to put pa-
tient welfare before any interest regarding the advanc-
ing of knowledge, society or profits;

2. Direct and indirect benefits. As recognised in the
World Medical Association’s Declaration of Helsinki
(art. 8), “While the primary purpose of medical research

is to generate new knowledge, this goal can never take
precedence over the rights and interests of individual
research subjects” [20]. However, the precedence of the
research subject’s welfare over the interests of science
or society does not, in any way, preclude the possibility
of the participants obtaining direct benefits. In these
circumstances, the need to analyse and restrict the po-
tential risks is particularly important.

3. Proportionality between risks and benefits. All research
involves risks. One crucial step, in which due caution is
required, is the transition from laboratory research and/
or research using animal models to trials on humans. It
goes without say that the risk level is different in differ-
ent studies and risks and benefits have to be balanced
correctly. In special situations (for instance serious dis-
eases for which there are no efficacious therapies avail-
able and epidemic situations), risk levels that would be
unacceptable in other circumstances are permitted.
Striking this balance is made difficult by the unpredict-
ability that characterises all research. In this context, it
is dutiful to guarantee special protection for individuals
in conditions of particular vulnerability.

4. Doctor-patient relationship. In the case of transla-
tional research, in which the objective of the practical
application of the research takes precedence, special at-
tention must be dedicated to the relationship between
doctor and patient, when providing the patient with
information and the procedures required to obtain con-
sent. Although the requisites set forth in the 3 previous
points refer in particular to the ethical principles of be-
neficence and non-maleficence, the doctor-patient rela-
tionship, information and consent refer, in particular, to
the ethical principle of autonomy [21].

5. Equality of access. When promoting the applicabil-
ity of the results of the research, it is necessary to ad-
equately consider access to the applications and avoid
discrimination. This corresponds to the ethical principle
of justice [21].

6. Integrity of the research. Translational research must
always comply with the principles of research integrity.
Research Integrity may be defined as adherence to the
ethical principles, rules and professional standards es-
sential for the responsible conduct of research [22].
Research Integrity is about getting to the scientific
knowledge using the highest scientific, professional
and ethical standards. Ethical practice, honesty, trust-
worthiness, and high regard for the scientific methods
are essential attributes of any scientist with an inter-
est in conducting research that benefits mankind. For
research institutions, integrity is about ensuring com-
mitment to creating an environment that promotes
responsible conduct by embracing standards of excel-
lence, trustworthiness, and lawfulness in the conduct of
research by staff and all members affiliated to the in-
stitution. The term “Responsible Conduct of Research”
(RCR) is often used by institutions to refer to a wide
range of areas of research compliance [23].

7. Conflict of interest. Due to its nature, and especially
for the potential commercial repercussions, translation-
al research is particularly subject to the risk of conflicts
of interest. A conflict of interest occurs when profes-
sional judgement regarding a primary interest (the
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health of a patient, the validity of a study or a product,
the truthfulness of the results of a study, etc.) is poten-
tially influenced by a secondary interest, such as eco-
nomic gain or personal advantage. Conflict of interest is
therefore a condition (and not necessarily a behaviour)
that could compromise the autonomy of a researcher
and the impartiality of his/her professional actions.

8. Need for monitoring. In translational research, it
is particularly important not only to assess protocols
thoroughly, but also to provide constant monitoring,
by qualified staff, throughout the conduct of the study.
Special vigilance is required in this sense as the inten-
tion to obtain useful applications could lead some to
be less rigorous on a methodological level or even to
falsify data.

CONCLUSIONS

The ethical assessment of the risks and benefits of
translational research must be performed on a case-by-
case basis, considering the circumstances and the add-
ed value that it is expected the new medicinal product
will bring (or, in general, a new therapeutic resource)
over what is already available [24].

Translational research is not a set of methods and
skills, but a strategy that requires experience and coor-
dination. It is not a sequential activity, but a constant
interaction.

Translational research requires cooperation between
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Abstract

Key words

It is worldwide recognized that the use of pharmaceuticals for human and veterinary | © environment
purposes could lead to unsustainable effects on the environment. A strategy to reduce | ® ecotoxicity

the impact of pharmaceuticals on the environment has been recently established at Eu- | ¢ resistance
ropean level, where guidelines to evaluate the impacts of veterinary drugs used to treat | ¢ antiparasitic drug
animal diseases are in place. The aim of this article is to focus on the worldwide used an- ! * ivermectin

tiparasitic drug ivermectin (IVM) and its potential impact on the environment. A specific
section is related to the IVM resistance that the massive use of this drug could generate
enhancing the risk scenarios also for human health. The application of stringent mea-
sures for the veterinary use of this substance, in line with the recommendations provided
by International frameworks such as One Health and EcoHealth, is recommended.

INTRODUCTION

The treatment of many human and animal diseases
relies on access to effective pharmaceuticals. At the
same time, the environmental pollution caused by
some pharmaceuticals is an emerging problem because
of their residues discharged and released in the ecosys-
tems during the manufacture, use and disposal. The evi-
dence of risks for the environment is well-documented
(1].

The communication about the pharmaceutical strat-
egy on the environment supports the aim of the Eu-
ropean Commission (EC) (COM/2019/128 final) to
deliver a sustainable Europe by 2030, according to the
United Nations (UN) Sustainable Development Goals
(SDGs). The strategy has been established in the con-
text of the EU Water Framework Directive that has the
aim to achieve a good chemical and ecological status for
all water resources. Furthermore, this strategy is a com-
ponent of the Union’s One Health Action Plan against
Antimicrobial Resistance.

The largest source of pharmaceuticals entering the
environment is represented by their use. Moreover, the
general pressure of pharmaceuticals will increase due
to demographic developments (e.g. increasing popula-
tion density and age) and due to climate changes, an
insufficient constant dilution of pharmaceutical run
offs and effluents can be expected in many areas. The

route of exposure likely differs depending on whether
human or veterinary use is involved. However, in some
cases, up to 90% of the active ingredient is excreted (or
washed off) in its original form due to the stability and
the adsorption of the chemical substance. The release
of veterinary drugs in the environment tends to come
from untreated diffuse sources such as the spreading
of manure. In this respect, the evaluation of the envi-
ronmental risk of veterinary medicinal products within
marketing authorisation procedures has been discussed
in European Union (EU) since the mid-1990. More-
over, a first guidance document defining how to per-
form the environmental risk assessment (ERA) was
prepared by the European Medicines Agency (EMEA)
in 1997. For the EU, additional guidance in support
of the guidelines was provided by EMEA in 2008 [2]
and further revisions have been provided in 2019. In
this guidance, predicted environmental concentrations
(PECs) are estimated based on the dose and frequency
of the product applied. If the PEC exceeds the trigger
value of 100 pg/kg dry weight in the soil for intensively
reared and pasture animals, studies on environmental
fate and effects on selected non-target species have to
be performed during the phase II. In parallel if a PEC
in water compartments exceeds 100 ng/L it triggers ad-
ditional risk assessment steps. In the same phase, the
environmental risk is deterministically characterized by
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comparing the PECs with the predicted no-effect con-
centrations (PNECs) in several environmental com-
partments.

Inivermectin (IVM) belongs to the avermectins and
these are widespread used antiparasitic medical prod-
ucts representing a serious potential threat for the envi-
ronment [3]. They have been used for several purposes
for example in agriculture and horticulture for the pro-
tection of fruit, cotton, vegetables, and ornamental,
thanks to their effectiveness against a wide range of
nematodes, mites, and insects. Among the avermectins,
IVM is mainly used for controlling livestock parasites.
With over 5 billion doses worldwide sold since its market
introduction in the early 1980s, this veterinary medical
product has become the most widely used antiparasitic
drug. It is used regularly as a pesticide for cattle, pigs,
sheep, horses, and dogs. Its use is effective against in-
ternal parasites, such as gastrointestinal and pulmonary
nematodes, and external parasites, such as mange mites
and blood lice. IVM can be administrated orally, topi-
cally or intramuscularly. Oral applications tend to result
in sharp excretion peaks, with most of the dose excreted
over a few days.

In connection with the excretion pathways, IVM and
its metabolites were excreted mainly in facces (90%)
and only 1% in urine. Other authors who tried to deter-
mine IVM in urine did not find the parent drug nor its
metabolites. Bile is the main route of excretion.

Peak elimination of injectable or topical formulations
usually occurs within 2 to 7 d post-treatment, followed
by a long tail that may sustain for more than 4 to 6
weeks, whereas peak elimination levels of sustained-
release formulations may occur over several weeks post-
treatment.

Already a decade ago, Liebig et al. [4] have demon-
strated that, with regard to its environmental aspects,
IVM is a substance of high concern. The environmen-
tal risk assessment of IVM was mainly performed ac-
cording to the mentioned international and European
guidelines, using a large number of new data on its fate
and effects, and additional results from 2-species, mul-
tispecies, semifield, and field studies. This case study
has clearly demonstrated unacceptable risks for living
organisms (e.g., for daphnids and dung invertebrates),
and the authors suggested the necessity of reassessing

IVM containing veterinary medicinal products. More-
over, when it is used in crop protection, there are evi-
dence of ecotoxicity for non-target species, with insects
generally and bees in particular being at the highest risk
[5]. For human use ivermectin (IVM) has also been
shown to be effective in in vitro tests against a broad
range of viruses, including HIV, Dengue, Influenza, and
Zika. Recently, a collaborative study led by the Monash
Australian University and published in the journal An-
tiviral Research has showed that a single dose of IVM
could stop the COVID-19 virus growing in cell cultures.
The next step of this research will aim to evaluate the
correct dosage [6].

IVERMECTIN EFFECTS ON AQUATIC
AND TERRESTRIAL ORGANISMS
Aquatic invertebrates

Notable effects of IVM have been reported on vari-
ous aquatic invertebrate species such as Daphnia mag-
na and Gammarus pulex. A 2007 study [7] observed the
extreme sensitivity of D. magna to this drug. 10 acute
tests were carried out and a 48 h LC;, of 5.7 ng/L (Table
1) was found, while chronic tests revealed high toxicity
on reproduction and growth rate even at lower con-
centrations. The nominal LOEC obtained was 0.001
ng/L and the NOEC 0.0003 ng/L. These values are
analogue to those of extremely toxic compounds that
are classified as priority hazardous substances by the
Water Framework Directive. Among the Amphipods, a
wide order of crustaceans, high sensitivity to IVM has
been reported in particular for Gammarus pulex and
Gammarus fossarum [8]. A 2018 study [9] observed a
100% mortality in young American lobsters (Homarus
americanus) exposed to ivermectin-treated sediment
(61.0 and 300.0 ng/g sediment) for a 25 days period,
while a prolonged exposure to lower concentrations (0-
3.0, 6.4 and 14.7 ng/g sediment) induced sublethal ef-
fects IVM shows a very high acute and chronic toxicity
to crustaceans in the 5.7 ng/L and 0.3 pg/L range and
this should be considered in future risk management
measures. At these levels no robust analytical controls
can be expected. Moreover, such a very high toxicity is
indicating the need of reducing any aquatic exposure
of IVM to very low levels, in order to protect a wide
range of aquatic invertebrates.

Table 1
Comparison between the effect concentrations and Initial PEC values in water and dung [4]
Compartment Species Effect concentration PEC
(best/worst case)
Water Daphnia magna EC,, 5.7 ng/L 0.1/7.2 (IR)
PNEC 0.0057 ng/L(acute) 0.2/2.5 (P)
PNEC 0.00003 ng/L (chronic) 83/523 (P) ng/L
Oncorhynchus mykiss LGy 3.0 po/L 0.1/7.2 (IR)
PNEC 3.0 ng/L 0.2/2.5 (P)
83/523 (P) ng/L
Dung Musca autumnalis ECopemerarare 4-65197kg 4.8/12.7 (P) mg/kg

dung fresh wt

LC,, 176 pg/kg
dung fresh wt

Aphodius constans

dung fresh wt

4.8/12.7 (P) mg/kg
dung fresh wt

PEC: predicted environmental concentrations; IR: intensively reared animals; P: pasture animals.
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Fishes

Many studies over the years focused on the conse-
quences of the IVM use on seawater fishes: this drug
is indeed commonly used to treat sea lice infestations
in aquaculture, mainly in Atlantic salmon (Salmo sa-
lar) farms. Sea lice (Lepeoptherius sp. and Caligus sp.)
are marine ectoparasitic copepods able to induce seri-
ous health issues to fishes and consequently significant
economic losses. In a 2012 [10] study, Ucén-Marin et
al. observed several toxicological effects in salmons ex-
posed to IVM through diet at similar concentrations to
those currently used in aquaculture. The lethal concen-
tration found was 0.174 mg/kg, only three times higher
than those used in operational context, and with con-
centrations slightly higher than those commonly used.
Effects such as lethargy, dark skin and reduced feeding
behavior were reported. Negative consequences de-
rived from the exposure to IVM were investigated also
in freshwater fish. In Oncorbynchus mykiss a LC5, of 3.0
pg/L has been detected [4]. In Danio rerio, one of the
most commonly used organisms for ecotoxicological
assays Domingues et al. [11] observed the effects pro-
duced by a chronic exposure to concentrations between
0.25 and 25 pg/L in adult Danios. While in the acute
test a 96 hours LC,, was calculated with higher values,
the behavioural patterns of the fish changed even at the
lowest concentration of 0.25 pg/L, as they tended to
spend more time in the lowest part of the tank. This be-
havior altered their feeding ability causing a weight loss
during the exposure time, more emphasized in males.
At the highest concentration (25 pg/L) the effects were
lethargy, reduced activity, dark coloration and mild cur-
vature of the spine.

Algae and plants

The stability and persistence of IVM in sediment and
water, especially in wetlands, can cause constant expo-
sure for algae and plants [12]. The toxicity effects of
IVM was studied since 1989 by Halley et al. Phytotox-
icity of IVM on algae and plants is reported in several
new studies. In a study aimed to compare the possible
effects of IVM on both D. magna and Pseudokirchne-
riella subcapitata [13] the algae showed a considerably
lower sensitivity: only at the highest concentrations
adopted (1250 and 4000 pg/L) a significant effect on
algal growth was reported. Eichberg et al. [14] reported
inhibition of germination in three grassland plant spe-
cies (Centaurea jacea, Galium verum, Plantago lanceo-
lata) from moxidectin, an antihelmintic drug similar to
IVM. Another study, on Sinapis alba, was carried out
by Vokital et al. in 2019 [15] using a “seed germination
and early roots growth” test with two different concen-
trations, 50 nM (0.044 pg mL1) and 500 nM (0.44 ng/
mL). The results of this study showed phytotoxicity for
both concentrations, with a 20% growth inhibition for
the lowest concentration and 24% for the highest. It is
to be underlined that the exposure to a concentration
of 44 pg/L can be realistically found in the environment
where IVM-treated cattle excrements are present.

Terrestrial organisms and dung insects
The large use of IVM as an anti-parasitic drug for live-

stock implies its constant release in the environment.
In all the possible administration routes, the IVM is
in fact largely excreted via faeces, where it can remain
for a long period of time. For this reason, many insect
species that live in close proximity with dung can be
affected by this chemical. In particular, dung beetles
tend to excavate dung in order to create brood balls
in which they lay their eggs; this kind of behavior has
significant positive effects on the environment, as it
prevents the accumulation of dung and promotes the
fertilization of the soil [16]. The toxicity of IVM on
dung beetles has already been observed in several pa-
pers over the years [4]. Pecenka et al. [17] highlights
the negative correlation of ivermectin quantity in cattle
pats with dung beetle abundance and diversity. In par-
ticular, Martinez et al. [18] exposed the dung beetle
Euoniticellus intermedius to IVM (3.16, 10.0, 31.6, 63.2,
100, and 316 pg/kg fresh dung) in order to determine
the toxicity on adults and larvae. After 10 days of ex-
posure, adult females showed a decrease in fecundity.
Ishikawa and Iwasa [19] exposed four different species
of dung beetle, C. acutidens, O. bivertex, O. lenzii and
P. auratus to IVM-treated dung; the IVM was applied
on cattle by pour-on formulation with the dose of 500
ng/kg of body weight and dung was collected 1, 3, 7,
14 and 21 days post-treatment. In C. acutidens an high
mortality was observed in adults exposed to dung col-
lected 3- or 7-days post-treatment compared to the con-
trol (exposed to non-treated dung). In the same dung,
few or no brood balls were reported and in dung from
7- or 14-days post-treatment the emergence rate was
significantly lower compared to the control. IVM shows
a high toxicity for dung insects in the 3,16-316 pg/kg
range of fresh dung, therefore, any terrestrial exposure
should be minimized if possible.

Environmental fate and bebaviour

When considering the impact upon ecosystems, the
environmental fate of a drug like [IVM should be taken
into account. The log K, of IVM of 3.2 [4] indicates
bioaccumulation potential in organisms. Moreover, [VM
has the potential to bioaccumulate in L. variegatus (biota-
sediment accumulation factors ranged from 2.1 to 16.6).
Several studies have shown a high persistence of this
substance in mesocosms, wetland and terrestrial envi-
ronment [20]. Dissipation half-lives (DTj,) in soil can be
rather variable depending on soil type, sorption capac-
ity, temperature, and oxygen availability, ranging from
16 to 1520 days [4]. IVM can be also very persistent in
mixtures of soil and manure or faeces (7-217 days). Log
K. have ranges of 3.6-4.2 [4]. As a widely used drug in
animal husbandry and farming, IVM frequently occurs
in cattle faeces. Movement of IVM from dung to the un-
derlying soil and to the nearby plants has been observed.
Concentrations of IVM have been also detected in the
roots of macrophytes living in wetlands subjected to dif-
ferent cattle uses in roots and leaves of aquatic plants in
a simulated aquaculture ecosystem [21]. Moreover, [IVM
accumulates in dung, sediment, and water of wetlands,
representing a serious threat for such ecosystems. A
similar fate of IVM has been assessed in water and sedi-
ment of simulated aquaculture [21]. Overall, IVM shows
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bioaccumulation and persistence indicating a need of a
specific environmental risk management.

DRUG RESISTANCE IN PARASITIC
PROTOZOA

The IVM binding with ligand-gated ion channels,
particularly glutamate-gated chloride channels in nema-
tode and insects, cause an influx of negatively charged
chloride ions, resulting in hyperpolarisation of synapses
and paralysis of organisms. Further, recent studies in
other biological systems suggest that IVM can affect ad-
ditional pathways too [22]. Due to its widespread, use
the protozoans developed resistance and it appeared
at first time in small ruminants, then in cattle parasites
and free-living Caenorbabditis elegans, The results of
several studies suggested that both target mutation and
transport alteration can lead to ivermectin resistance in
particular through the changes in mRNA transcription
of the ABC transport proteins and the glutathione-re-
lated genes [23, 24]. The IVM resistance is a serious
problem for parasite control in livestock and there is
a concern about resistance development and spread in
nematode parasites of humans. Since 2000s, the World
Health Organization included parasites in the list of
antimicrobial resistant microorganisms together with
bacteria, fungi and viruses (www.who.int/health-topics/
antimicrobial-resistance). Studying and understanding
drug resistance mechanisms of these organisms is im-
portant in terms of human and animal health.

CONCLUSIONS

The data summarized in this brief note demonstrate
that the veterinary use of IVM can lead to an unaccept-
able and unsustainable risk for both aquatic and ter-
restrial ecosystems. IVM shows a very high acute and
chronic toxicity to crustaceans. In fish, IVM can cause
lethargy, dark skin and reduced feeding behavior. More-
over, growth inhibition for algae and high toxicity for
terrestrial organisms and dung insects were underlined.
The use of this veterinary medical product, applying
the ERA methodology, can cause a high risk. Specifi-
cally, for daphnids and dung organisms with a very low
PNEC value, indicating a high toxicity level analogue
to chemical substances classified as priority hazardous
by the European Union. Based on these findings, we
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Abstract

With the exception of a few countries that chose a different approach, the worldwide
reaction to the COVID-19 pandemic was a (longer or shorter) period of national lock-
down. While the economic consequences of shutting down national economies were im-
mediately evident, the sociopsychiatric implications of the social confinement of the en- health
tire population remain hidden and not fully understood. Italy has been the first European | ® COVID-19 epidemic
country to be severely impacted by the COVID-19 pandemic, to which it responded
through strict lockdown measurements. The results of a timely survey on mental and so-
cial health, carried out by students and teachers of a middle school in Rome, might help
identify the most vulnerable groups of the population. This evidence could be crucial in
conceiving and enacting targeted public health policies to mitigate the consequences of
the pandemic on mental health and to prevent intolerance to containment measures in
some population segments, which could hamper worldwide efforts in the fight against
COVID-19.

¢ adolescents and women

On March 5, all the schools in Italy closed as a reac-
tion to the exponential growth in the number of COV-
ID-19 cases, in anticipation for a nation-wide lockdown
four days later. Nonetheless, all the teaching activi-
ties continued, sustained by a commendable effort by
teachers to engage students from their homes through
the screen of an electronic device. Teachers from the
middle school Michelangelo Buonarroti in Rome, Italy,
took a further step in this new era of online learning,
by guiding and motivating their students to create an
online survey to study the emotional response of the
population to the national lockdown.

Similar to bird watchers who annotate the species
they identify [1] or volunteers who tag images of pollut-

ed body of water on a computer screen [2], teachers and
students took on themselves to create a comprehensive
picture of the social and mental health consequences
of the lockdown in Italy. Reaching beyond the barriers
of structured, in-classroom education, this informal sci-
ence endeavor constitutes an instance of citizen science
spurred by the emergency posed by COVID-19. As any
authentic citizen science project [3], this effort helped
the scientific community through original data collec-
tion, and it benefitted volunteers, students and teach-
ers, who increased their scientific literacy on the topic
and acquired first-hand knowledge of the impact of the
virus on our lives.

This commendable initiative was recognized by the
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World Health Organization — European Region in April
2020 as an example of adolescence active involvement
in fighting the psychological effects of the pandemic.
The survey was filled by thousands of individuals of all
ages starting April 17, offering a unique snapshot of
how society first responded to this life-changing event.
Such a snapshot could help identify the traits of the
individuals who were most affected by the lockdown,
thereby informing effective public health approaches in
the short and long term fight against COVID-19.

The experimental protocol was approved by the in-
stitutional review board (IRB) at Istituto Comprensivo
Regina Elena, Scuola Media Michelangelo Buonar-
roti, Ministry of Education (protocol number 737.1.8).
The survey was designed in Google modules to include
questions on demographics (age, gender, and city of
residence), on economic status (possible loss of job,
and variations in the economic condition), and on feel-
ings and activities when the lockdown was announced.
The complete surveys, with their answers, can be found
at https://osf.io/buahv/?view_only=2dfd654cf3944be49
985db765b898226; excerpted questions underlying the
variables used in the analysis, along with the possible
answers, are presented below:
1.Gender

Male / Female
2.Age

10-14/15-19/20-30/ 31-50/ 51-70 / over 70
3.What did you feel when the quarantine was an-

nounced?

Fear/ Joy / Calm / Confusion / Anxiety / Indifference
4.What are your feelings now, about a month since the
beginning of the quarantine? (3 answers maximum)

Fear / Happiness / Serenity / Anxiety / Boredom / Nostal-

gia / Melancholy / Indifference.

The survey shares similarities to established tools,
which were utilized by professional researchers to study
the unfolding of the COVID-19 pandemic on mental
health in the United States [4] and the effect of social
distancing measures on productivity and workload of
scientists across the globe [5].

Data until June 12 were exported in .csv files, which
were then imported in Matlab for being analyzed. Par-
ticipants were recruited by sharing the link to the survey
through social media (WhatsApp, Instagram, and Face-
book) and sending them emails with the following text:
“Hello everybody! We are eighth grade students of the
middle school Michelangelo Buonarroti in Rome, Italy,
and we did a survey about how we are living during the
quarantine and we imagine the future. Thank you for
responding to this school project. (All answers are sub-
ject to privacy and will be used for educational work)”.

Out of the 3990 individuals who filled the survey, we
selected the 3562 respondents who selected Italian as
the survey language. The demographic distribution of
this sample is reported in Figure 1. Our analysis focused
on identifying the differences in emotional response to
the pandemic in relation to gender and age. We associ-
ated binary values with the gender (0 female, 1 male),
and with each of the feelings in questions 3 and 4 (0 not
felt, 1 felt). Then, we computed the Phi coefficient and
the corresponding p-values. The results of this analy-

sis are reported in Tables 1 and 2, where p-values lower
than 0.01 (cells in green) indicate an association be-
tween feelings and age or gender. The Matlab code can
be downloaded at https://osf.io/buahv/?view_only=2dfd
654cf3944be49985db765b898226.

Here, we discuss two key results of this survey that
we believe could contribute towards an improved un-
derstanding of the segments of the population that
are most vulnerable to the social and mental health
consequences of this pandemic. Figure 2 shows that
female and male respondents dramatically differed in
their emotional response to the announcement of the
lockdown and in their enduring reaction to it. Female
respondents tended to experience anxiety, fear, melan-
choly, confusion, and nostalgia more than male respon-
dents, thereby pointing at a higher level of distress as-
sociated with the lockdown.

These results are in line with the so-called gender
paradox: the combination of biological and environ-
mental factors produces a health inequality condition in
which women, although having a higher life expectancy,

Males

1000 2000 3000

o

Number of participants

0 500 1000 1500

Number of participants

Figure 1
Gender (top panel) and age (bottom panel) distribution of the
selected sample of participants.
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Table 1

Phi coefficient for the association between age or gender and reaction to lockdown. When age is considered, we only focus on two
categories of respondents, that is, younger (below 15 years of age) and elder (beyond 50 years of age), respectively. Cells in green

correspond to p-values lower than 0.01

Feelings when lockdown was announced

Fear Joy

Age 0.02 -0.36

Gender -0.10 0.00
Table 2

Calm Confusion Anxiety Indifference
0.20 -0.04 0.17 -0.19
0.14 -0.08 -0.11 0.18

Phi coefficient for the association of age or gender to the feelings during lockdown. When age is considered, we only focus on two
categories of respondents, that is, younger (below 15 years of age) and elder (beyond 50 years of age), respectively. Cells in green

correspond to p-values lower than 0.01

Feelings during lockdown

Fear
-0.01
-0.09

Happiness
-0.19
0.02

Serenity
0.00
0.09

Anxiety
0.15
-0.11

Age

Gender

Indifference
Calm

Joy
Confusion

Anxiety

Fear

30 15 0 15 30 45 60 75 90
%

Indifference
Boredom
Serenity
Happiness
Nostalgia
Melancholy

Anxiety

Fear

30 15 0 15 30 45 60 75 90
%

Figure 2

Feelings experienced when lockdown was announced (top
panel) and during the lockdown (bottom panel). The magenta
horizontal bars identify the feelings that were experienced
more among the female rather than the male population,
and their width corresponds to the increment (in percentage)
compared to the entire population. Similarly, the blue bars
identify the feelings that were experienced more among the
male population. An asterisk identifies the feelings that were
significantly correlated with gender (Phi coefficient, p-value
less than 0.01).

end up living less healthy lives [6]. In the case of CO-
VID-19, the paradox materializes in women and girls
paying a higher price to the pandemic [5], although the

Boredom  Nostalgia Melancholy Indifference
-0.33 -0.24 0.09 -0.10
0.16 -0.07 -0.12 0.12

mortality among them is lower than men and boys.

The higher impact of the pandemic on women and
girls has also been recognized by the United Nations
[7]. Key environmental factors explaining the vulnera-
bility of women and girls, advocated by the United Na-
tions, include their higher economic fragility, increased
risk of gender-based violence, and greater involvement
in unpaid care work towards children and elderly that
grew during the pandemic. In its simplicity, the survey
conceived by middle school students and teachers of
Michelangelo Buonarroti provides sociopsychiatric
backing to the observations made by the United Na-
tions, by identifying differences in the emotional re-
sponse of women and girls.

In addition to environmental factors, differences in
emotional responses could be linked to gender-specific
biological traits. The gender differences in the psycho-
logical and biological reactions to distress and in the
way emotions are expressed are well-assessed, as well
as the higher incidence of depression and post-traumat-
ic stress syndrome in females [8]. The same stressful
events can impact women and gitls more, who may feel
less in control and more prone to choose emotional ver-
sus problem-focused coping styles [9]. Every brain is a
unique patchwork of traits, but quantitative analyses
show that some traits are more prominent in one gender
or another [10]. The different reactions to the lockdown
could be then partially related to the fact that the mas-
culine brain is structured to favor the perception-action
connection, while the feminine brain is organized to
facilitate the connection between analytic information
processing and the intuitive analysis [11].

Overall, gender differences in the response to the lock-
down should be sought in environmental and biological
variations between male and female respondents. Nei-
ther of them should be considered the unique mediator
for the observed differences in emotional response. Ir-
respective of their causes, we call to identify and enact
suitable policies to protect the health of women and
girls. It is of greatest urgency to provide and strengthen
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community-based health and social services to compen-
sate for gender inequalities, especially as women are
taking a crucial role in the healthcare workforce [12].

The second key finding from the survey is reported
in Figure 3, which highlights differences in the emo-
tional experience of adults and young adolescents when
the lockdown was announced and when it was in ef-
fect. A higher prevalence of joy and happiness among
teenagers can be related to the indirect effects of the
pandemic, with the schools closing three months ear-
lier than usual. These results are in line with the social
information processing network [13], which posits an
earlier development of cerebral areas connected to
emotions than areas connected to cognition. The higher
incidence of joy and happiness in youth points toward
a sense of immediate gratification, which is not medi-
ated by the regulatory activity of the cognitive hub of
the brain that could tune the emotional response to the
seriousness of the situation [14].

However, the national lockdown not only implied
early school closure, but also forced teenagers to stay
home, abruptly interrupting their daily activities, in-
cluding sports, meeting with their partners, socializing

Joy
Indifference
Confusion
Fear
Anxiety

Calm

50 0 50 100 150 200 250 300
%

Happiness
Boredom
Indifference
Nostalgia
Fear
Serenity
Melancholy
Anxiety

25 0 25 50 75 100 125 150 175 200
%

Figure 3

Feelings experienced when lockdown was announced (top
panel) and during the lockdown (bottom panel). The green
horizontal bars identify the feelings that were experienced
more among the younger (less than 15 years of age) rather
than the elder (more than 50 years of age) population, and
their width corresponds to the increment (in percentage) com-
pared to the population composed of youth and elderly. Simi-
larly, the grey bars identify the feelings that were experienced
more among the elder population. An asterisk identifies the
feelings that were significantly correlated with age (Phi coef-
ficient, p-value less than 0.01).

with friends, etc. This explains why, together with joy
and happiness, teenagers also reported a higher preva-
lence of feelings of boredom and nostalgia.

We believe that teenagers’ feelings during the lock-
down are an indicator of a stronger drive to return to
the behaviors that were not allowed. Their emotional
experience during lockdown might induce the violation
of social distancing rules — which are crucial in contain-
ing the pandemic and preventing second or third waves
— and might reinforce the tendency, typical of their age,
to take imprudent behaviors that could increase mor-
bidity [15].

Indeed, the prefrontal cortex, one of the main hubs of
the cerebral circuits involved in human decisional pro-
cesses, is subject to substantial changes during adoles-
cence. Since decisional processes are inherently related
to emotions and decision-making skills are only partially
developed in teenagers, the additional emotional bag-
gage associated with the lockdown could push teenagers
toward riskier behaviors [16], with a less cogent judge-
ment of the consequences of their decisions and more
limited control and monitoring of their actions [17].

Teenagers could represent a vulnerable segment of
the population that needs targeted measures for ensur-
ing compliance with containment measures that are
needed to halt the diffusion of the virus and prevent fu-
ture waves, especially considering that the average age
of infected individuals is decreasing in several countries
(18, 19].

Although the pandemic is far from being defeated,
from a sociopsychiatric perspective, there is an under-
standable desire to declare its social end, forgetting
the fear and recovering the habits and behaviors of the
pre-COVID-19 era [20]. How dramatic will be the sec-
ond wave as teenagers are returning to school? Will the
distancing measurements and guidelines that govern-
ments are setting in place worldwide be sufficient? We
believe that these rules alone cannot be enough, and
that public health campaigns targeted to teenagers will
be crucial to proactively involve them in containing the
pandemic, so that the social end of the pandemic will be
as close as possible to its clinical end.

Failing to improve the risk perception and to promote
prudent social behaviors and compliance of rules might
lead to a further decrease in the age of infected indi-
viduals, with the youngest becoming the main carriers
of the infection. The involvement of the target audience
in the process of self-reflection has been proposed to
be key for meaningful and sustainable changes in cog-
nition and behavior [21]. During this pandemic, edu-
cation is paramount to encourage students to become
advocates for disease prevention and control in their
homes, schools, and local community [22]. The survey
makes a critical step in this direction by increasing stu-
dents’ awareness about the complexity of the moment
we are living and making them active citizen scientists
in the study of the COVID-19.
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Adolescence is often considered the healthiest time of
life. It is a time when many aspects of good health are at
their peak and adolescents appear to have fewer needs
of health services than children or the elderly [1]. At the
same time, a fast physical, emotional, cognitive, and so-
cial development can be observed during this stage of
life. In particular, behaviours established during adoles-
cence, affecting issues such as mental health, tobacco
use, diet, physical activity levels, social media disorders
and alcohol use, can persist in adult life. The wellbeing
of young people is shaped by the complex interaction
between a range of individual, behavioural, social, cul-
tural, environmental and organizational factors chang-
ing over time. Understanding how these factors interact
one with another is an important step to promote young
people’s health and wellbeing in adulthood [2, 3].

The Health Behaviour in School-aged Children
(HBSC), a World Health Organization (WHO) collab-
orative cross-national study, is an international research
study that aims to increase understanding of adolescent
health behaviours and their social determinants, par-
ticularly the settings of family, peers and school, across
different countries. HBSC was launched in the early
1980s and now involves 50 countries and regions across
Europe and North America [4]. To ensure the cross-na-
tional comparability, all participant member countries
adhere to a common international standard protocol,
developed and systematically updated by the entire
HBSC network through topic-based groups. Data from
each wave of the Italian HBSC study were shared with
an International Coordination Group and analyzed to-
gether with the results from the other countries of the
HBSC network [5, 6].

Italy joined the HBSC international network in the
year 2000 and, to date, five data collections (2002,
2006, 2010, 2014, 2018) have been performed; since
2010 each survey was promoted and funded by the
Ministry of Health, coordinated with the Universities
of Torino, Padova and Siena and supported by the Min-

istry of Education [7, 8]. In 2010, the responsibility for
the coordination of Italian HBSC survey was extended
to the Italian National Institute of Health (Istituto Su-
periore di Sanita). From then, the HBSC became the
first Italian population-based survey on adolescent be-
haviours, representative at national and regional level
and involving more than 65,000 students (aged 11, 13
and 15 years) every 4 years [9, 10].

Since 2017, an Italian Legislative Decree recognized
HBSC as the only national surveillance of adolescence
health; the responsibility for its coordination was given
to the Italian National Institute of Health [11]. Hun-
dreds of health workers and school staff are involved in
the local organization and collection of data.

The monograph presented in this number of the An-
nali dell'Istituto Superiore di Sanita consists of four ar-
ticles presenting the major results of the Italian HBSC
2018 survey on adolescents’ eating habits, sexual be-
haviours, alcohol use and social media disorders. Each
article also includes a comparison between Italian data
and those of other countries participating in HBSC
study. Furthermore, the details of the methodological
protocol of the HBSC study are reported in Nardone
et al., Appendix 1.

The four articles are summarized below:

Nardone et al. describe dietary habits (i.e. consump-
tion of breakfast, fruit, vegetables, legumes and carbon-
ated-sugary drinks) and their possible association with
geographical and socio-demographic characteristics
among adolescents aged 11, 13 and 15 years in Italy.

Marino et al. focus on the prevalence of problematic
social media use across Italian regions by age groups
(11, 13 and 15 years) and gender and evaluate whether
this increases the levels of health complaints (psycho-
logical and somatic symptom:s).

Borraccino et al. investigate, among 15-year-olds, the
role of different forms of social support in early sexual
intercourse and contraceptive use.

In the same age groups, Charrier et al. draw a com-
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prehensive picture of the behavioural, social and psy-
chological patterns of alcohol use and abuse.
In conclusion, each author enriched the knowledge of
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Abstract Key words
Objective. The aim is to describe dietary habits and their association with socio-demo- | © eating behaviour
graphic characteristics in a large nationally representative sample of Italian adolescents | © beverage

aged 11, 13 and 15 years. e vegetables
Materials and metbods. Data from the 2018 Italian Health Behaviour in School-aged | © fruit
Children (HBSC) survey on 58,976 adolescents were analysed to determine eating hab- | e breakfast
its. Logistic regression was used to investigate the association between incorrect dietary

habits and potential predictors.

Results. 38.3% of boys and 48.1% of girls skipped breakfast and 54.1% did not consume

fruit and/or vegetables daily. 15.9% of boys and 11.3% of girls drank carbonated-sugary

beverages at least once a day. Incorrect dietary habits were more common among boys,

adolescents with lower socio-economic conditions, residents in Southern Italy and those

spending more time watching TV. Italian adolescents were more likely to have incorrect

dietary habits compared with those from most other countries involved in 2018 HBSC.

Conclusions. Action is needed to improve dietary habits among adolescents.

INTRODUCTION

Adolescence is a critical time for adopting lifelong
health behaviours [1, 2]; different habits, either posi-
tive or negative, are established during this period of life
and health-related behaviours adopted by young people
may persist throughout adulthood [3]. Unhealthy eat-
ing habits, insufficient physical activity, smoking, alco-
hol and substance abuse are some of the negative be-
haviours that may be observed among adolescents.

In particular, incorrect dietary habits, reduction of
physical activity and time spent playing outside may
lead to a higher prevalence of overweight and obesity
in children and adolescents [4-6]. In addition, screen
media exposure is another factor that might contribute
to increase the risk of incorrect eating habits charac-
terized by a high consumption of energy-dense foods
and sweetened drinks during the viewing. Furthermore,
low-nutrient food and beverage marketing can influ-
ence adolescent food preferences, purchases and con-
sumption [5, 7, 8].

Diet plays an important role in the quality of life not

only during adolescence but also through adult life.
Unhealthy eating habits, in addition to other several
environmental and genetic factors, might contribute
to the development of overweight, obesity and diet-
related non-communicable diseases [9-11]. In order to
encourage healthy dietary choices by young people, the
knowledge of their dietary habits is essential to promote
innovative policies and focused actions. This knowledge
can be obtained by surveillance and monitoring initia-
tives [12, 13].

The World Health Organization (WHO) recom-
mends for adolescents a daily consumption of five
portions (400 grams) of fruit and vegetables [5], but
adolescent diets are often low in fruit and vegetables. A
meta-analysis conducted between 2003 and 2011 found
that in low/middle-income countries 74% of adolescents
aged 12 to 15 years consumed fruit and vegetables less
than 5 times per day [14]. The recent international re-
port on 2018 Health Behaviours in School-aged Chil-
dren (HBSC) survey stated that the daily consumption
of fruit and vegetables among European adolescents
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aged 11, 13 and 15 years was for all age groups 40% and
38%, respectively [15].

Starting the day with breakfast is a basic dietary rec-
ommendation especially for children and adolescents
[16]. Breakfast is considered the “most important meal
of the day” and recent scientific reviews addressed many
aspects related to its essential role in people diet and
its possible impact on body weight control, as well as
on other physiological, social and cultural aspects [17].
Breakfast consumption is positively associated with an
adequate nutrient intake in children and adolescents
[18]. In contrast, skipping breakfast in young people is
linked with higher adiposity measures as found in both
cross-sectional and longitudinal studies [19, 20]. Find-
ings from the international 2018 HBSC report showed
a significant difference between gender prevalence of
breakfast consumption on every school day among 11-
15 year old European adolescents (61% boys and 55%
girls) [15].

Adolescent diet often involves high intakes of ener-
gy-dense and nutrient-poor foods, including sweet and
salty snacks, sugar-sweetened beverages (SSB) and fast
foods [21]. A recent review of sugar consumption in
Europe and North America highlighted that the ado-
lescent diet had a higher amount of added sugars than
that of any other age-group [22]. As reported by the
2018 HBSC investigation, one in four (25%) European
adolescents aged 11, 13 and 15 years consume sweet
chocolates daily. Additionally, 16% of adolescents, be-
tween ages 11 and 15, participating in the HBSC inter-
national survey, claimed to consume sugared soft drinks
daily [15].

A wide variety of social and economic factors is as-
sociated with eating patterns and behaviours of adoles-
cents. These include peer influence, parental modelling,
food availability, food preferences, cost, convenience,
personal and cultural beliefs, mass media, body image,
socio-economic status, family structure, parents’ edu-
cation and occupation. These factors might contribute
to unhealthy diets and poor nutrition especially for the
most vulnerable groups [23-27]. In order to adopt and
implement appropriate policies and measures to pro-
mote healthy food choices as well as healthier lifestyles
among young people, it is essential to understand how
these factors can influence their eating habits [12, 13].

The aim of this study was to describe dietary hab-
its (i.e. consumption of breakfast, fruit, vegetables, le-
gumes and carbonated-sugary drinks) and their possible
association with geographic and socio-demographic
characteristics (i.e. Family Affluence Scale — FAS, fami-
ly meals, parents’ educational level) in a large nationally
representative sample of Italian adolescents aged 11,
13 and 15 years. Furthermore, in the discussion these
Italian data were compared with those from other Eu-
ropean and North American countries involved in the
international 2018 HBSC survey [15].

MATERIALS AND METHODS

In 2018, a survey was conducted in all Italian Regions
on students (11, 13 and 15 year-old) in the framework
of the international Health Behaviour in School-aged
Children study. Target classes were the first and third

grade of middle school and the second grade of high
school. To all subjects attending the sampled classes a
questionnaire was administered to collect information
on their dietary habits, physical activity, risk behavior
and well-being, their relationship with the school, par-
ents and peers as well as general information concern-
ing their health and social background. A stratified clus-
ter sample design, with class as the primary sampling
unit, was used (see Appendix 1).

In the self-completed anonymous questionnaire, stu-
dents were asked to indicate parents’ educational level
and country of birth. For these analyses the highest
educational level between the two parents was consid-
ered and three educational levels were taken into ac-
count: “low” (both parents with less than high school),
“medium” (at least one of the parents with high school)
and “high” (one of the parents with university degree or
higher); a fourth category, regarding the answer “don’t
know”, was also considered.

Country of birth was categorized into “both Italians”,
“at least one foreign parent” and “both foreigners”.

The socio-economic position of the students’ families
was measured according to the FAS described in Ap-
pendix 1.

The numbers of hours spent using TV/Tablet/PC were
calculated by adding up hours spent watching television
(including videos and DVDs) on weekdays and on the
weekend (possible responses were “never” to “about
7 or more hours a day”) and hours spent playing on
electronic devices (possible responses were “never” to
“about 7 or more hours a day”). This sum was recoded
into “<2 hours a day” »s “>2 hours a day”.

For nutritional habits, the frequency of family meals
(possible responses were every day/most days/ about
once a week/less than once a week/never) was dichoto-
mized into “every day” »s “less than every day”. Students
were asked to indicate how many times they had break-
fast (defined as having more than a glass of milk or
fruit juice) during schooldays (possible responses were
“never” to “five days”) and during weekend (possible re-
sponses were “never” to “both days”).

In the analysis, only breakfast consumption during
school days was considered because it was assumed that
during weekend days this would be different. Breakfast
consumption on weekdays was dichotomized into “daily
breakfast” (five days a week) and “no daily breakfast”
(less than five days a week).

Students also reported how many times per week
they consumed fruit, vegetables, legumes (i.e. peas,
chickpeas, beans) and carbonated-sugary drinks (possi-
ble responses: never/less than once a week/once a week/
two to four times a week/five to six times a week/once
a day/more than once a day). Consumption of fruit
and vegetables was dichotomized into “at least once a
day” vs “less than once a day”; in the logistic regression
models the consumption of fruit and vegetable were
combined and dichotomized into “fruit or vegetables at
least once a day” »s “neither fruit nor vegetables at least
once a day”. Legume consumption was categorized as
“at least twice a week” or “less than twice a week” and
carbonated-sugary drinks as “less than once a day” »s “at
least once a day”.
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Using the above 5 dietary indicators a global score
was created by counting the number of correct habits,
ranging from 0 to 5: daily breakfast (yes = 1, no = 0),
consumption at least once a day of fruit (yes =1, no =
0) consumption at least once a day of vegetables (yes
=1, no = 0), consumption at least twice a week of le-
gumes (yes = 1, no = 0) and consumption less than once
a day of carbonated-sugary drinks (yes = 1, no = 0); this
global score was dichotomized into “less than 3” »s “at
least 3” correct habits.

Logistic regression models for dietary indicators were
fitted to assess the association with socio-demographic
and behavioural characteristics. The likelihood of un-
healthy eating habits was described by odds ratios (OR)
with a 95% confidence interval (CI). Stata software ver-
sion 16.1 was used for all statistical analyses. Missing
data were excluded from the analysis.

RESULIS

The Italian HBSC 2018 survey included 64,929 stu-
dents from 4,183 selected classes. After data cleaning
and applying the inclusion criteria, 58,976 students’
data were eligible for analysis. Table 1 shows the main
characteristics of the sample. For each age group, the
male and female ratio is 1:1 (male: 29,820 vs female:
29,156). Almost half of the sample were resident in the
Northern regions (boys: 45.0%; girls: 46.2%), a third
in the Southern Regions (boys: 37.3%; girls: 36.4%)
and the remaining in Central Italy (boys: 17.7%; girls:
17.4%).

The majority of adolescents (boys: 86.7%; girls:
87.0%) reported to have both Italian parents, followed
by students who had both foreign parents (boys: 7.8%;
girls: 7.5%) and 5.5% of boys and girls with one foreign
parent. More than one third of teenagers (boys: 35.8%;

.;?)'c)ilg-:lemographic and behavioural characteristics of the sample by age and gender. Italy, 2018
Sample characteristics* 11 years old 13 years old 15 years old All age group
N=19,504 N = 20,554 N=18,918 N =158,976
Boys (%) Girls (%) Boys (%) Girls (%) Boys(%) Girls(%) Boys (%) Girls (%)
Residence area
North 48.5 49.2 46.5 46.2 379 42.5 45.0 46.2
Centre 17.2 17.8 17.1 17.6 194 16.7 17.7 174
South 343 33.0 36.4 36.2 42.7 40.8 37.3 364
Missing = = = = = = = =
Parents’ country of birth
Both Italians 85.9 86.0 85.8 86.7 889 88.7 86.7 87.0
One foreign parent 54 5.1 58 57 5.1 58 55 55
Both foreigners 8.7 89 84 76 6.0 55 7.8 7.5
Missing 4.9 49 4.2 35 3.1 22 42 3.7
Parents’ educational level**
Low level of education 7.0 6.1 11.2 13.1 14.1 14.2 104 109
Medium level of education 21.7 219 42.1 443 46.2 47.5 358 37.3
High level of education 269 28.1 304 285 293 304 288 289
Don't know 444 439 16.3 14.1 104 79 25.0 229
Missing 56 53 30 2.1 4.8 2.7 44 34
Family Affluence Scale (FAS)
Low 280 29.7 275 30.1 29.8 313 283 303
Medium 47.0 47.8 46.8 47.1 479 479 47.2 47.6
High 25.0 22.5 257 228 22.3 20.8 24.5 22.1
Missing 35 2.7 3.6 19 2.8 1.6 33 2.1
Hours “screen time” daily
<=2 hours 455 54.3 332 424 31.6 40.7 37.3 46.2
> 2 hours 54.5 457 66.8 576 68.4 59.3 62.7 53.8
Missing 35 2.5 33 1.5 2.8 1.7 32 19
Family meal every day
Yes 559 559 59.1 57.0 56.9 543 57.3 55.8
No 441 441 409 430 43.1 457 42.7 44.2
Missing 09 09 0.6 03 0.5 03 0.7 0.5

*For each variable, percentages are calculated on the total of subjects excluding those with missing information. Percentage of those missings are calculated on

the total.

**The highest educational level between the two parents.
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girls: 37.3%) reported at least one parent with a me-
dium level of education, one third (boys: 28.8%; girls:
28.9%) at least one parent with high level of education
and the remaining (boys: 10.4%; girls: 10.9%) both par-
ents with low educational level. About a quarter of the
respondents did not know the educational level of their
parents; this aspect was highest for 11-year-old and fol-
lowed a decreasing trend with age. The majority of ado-
lescents had a medium FAS level (boys: 47.2%; girls:
47.6%) and about one-third a low FAS level.

There were some differences between the adolescents’
use of TV or other devices: more than one half (boys:
62.7%; girls: 53.8%) spent more than two hours per day
watching television or other devices. This habit is more
common among boys than girls for all age groups. More
than one half of adolescents (boys: 57.3%; girls: 55.8%)
said to consume at least one family meal every day.

Data quality in terms of completeness was good;
missing values were less than 6% for each of the con-
sidered variables.

Dietary babits

The prevalence rates of dietary indicators by age and
gender are presented in Table 2. Overall, more than
one half of the adolescents (boys: 61.7%; girls: 51.9%)
reported to consume breakfast every school day, while
38.3% of boys and 48.1% of girls skipped breakfast, a
bad habit that increased with age. More than a half of
the sample (boys: 67.5%; girls: 61.1%) reported not to
eat fruit every day and this habit was more common
among those who are 15-years old compared to the
younger age groups.

77.9% of boys and 67.5% of girls did not eat vegeta-
bles daily and this was constant among age groups and
the values were higher among boys. Overall, the per-
centage of adolescents that reported no daily consump-
tion of fruit and/or vegetables was 54.1%.

About one-half of the adolescents (boys: 48.3%;
girls: 51.1%) consumed legumes at least twice a week;
this slightly increased with age and was more common
among girls for all age groups.

15.9% of boys and 11.3% of girls drank carbonated-
sugary beverages at least once a day, with lower per-
centages among gitls for all age groups.

Considering these 5 dietary indicators, the adoles-
cents who had less than 3 correct dietary habits were
40.3% at eleven years, 42.8% at thirteen years and
43.8% at fifteen years; the proportions were slightly
higher among boys than girls.

Multivariate analyses

The results of the logistic regression model applied
to the dietary habits are reported in Table 3. The risk of
not consuming breakfast daily on school days signifi-
cantly increased with age (13 years: OR = 1.36, 95% CI
= 1.24-1.48; 15 years: OR = 1.49, 95% CI = 1.36-1.62).
In addition, this risk is higher for girls (OR = 1.54, 95%
CI = 1.44-1.64) and for those who live in the Central
(OR = 1.12,95% CI = 1.03-1.22) and Southern regions
(OR = 1.70, 95% CI = 1.57-1.85). Also, the risk was
found to be higher for those with both parents foreign
(OR = 1.23, 95% CI = 1.09-1.40) and for adolescents

who spend more than 2 hours a day watching TV or
other devices (OR = 1.24, 95% CI = 1.16-1.32).

Geographical area of residence was associated with
the consumption of fruit and/or vegetables. In detail,
the results showed that students from Central and
Southern regions were more likely to not consume
fruit or vegetables every day than those from the North
(Centre: OR = 1.10, 95% CI = 1.02-1.19; South: OR
= 1.43, 95% CI = 1.33-1.55). A higher risk was also
observed among adolescents that spend more than 2
hours a day watching TV or other devices (OR = 1.37,
95% CI = 1.29-1.45) and among students aged 13-15
years (13 years: OR = 1.12, 95% CI = 1.03-1.22; 15
years: OR = 1.17,95% CI = 1.07-1.27).

The risk of daily consumption of carbonated-sugary
drinks is higher among adolescents that live in the
Southern regions (OR = 1.48, 95% CI = 1.31-1.67)
compared with those from the Central and Northern
ones and among adolescents who spend more than 2
hours a day watching TV or other devices (OR = 1.69,
95% CI = 1.53-1.86).

The consumption of legumes at least twice a week
significantly increased with age and parents’ education-
al level.

In general medium-high parents’ educational level, in
addition to medium-high family FAS and family meal
consumption, were positively associated with some cor-
rect habits: daily consumption of fruit/vegetables and
breakfast; weekly consumption of legumes; low intake
of carbonated-sugary drinks.

The model of the score of correct dietary habits shows
that adolescents who are more likely to have a bad diet
(less than 3 correct dietary habits) spent more than 2
hours a day watching TV or other devices (OR = 1.55,
95% CI = 1.45-1.65) and are residents in Southern Italy
(OR = 1.24,95% CI = 1.14-1.34). On the contrary, ado-
lescents who were more likely to have a better diet were
characterized by higher educated parents (high edu-
cational level: OR = 0.51, 95% CI = 0.45-0.57) and a
major FAS (high FAS: OR = 0.75, 95% CI = 0.69-0.82).
Additionally, eating a meal with the family every day is
positively associated with having a better diet (OR =
0.83, 95% CI = 0.78-0.88).

DISCUSSION

The results show that dietary habits in some Italian
adolescents are not in line with the Dietary Guidelines
[5, 28]. In detail, 4 out of 10 adolescents skipped break-
fast, more girls than boys; 7 out of 10 adolescents did
not consume vegetables daily and 1 in 2 did not con-
sume both fruit and vegetables daily. Approximately
1 in 7 consumed carbonated-sugary beverages at least
once a day and a lower percentage was found among
girls for all age groups. Considering the total number of
correct dietary habits, adolescents who had less than 3
correct dietary habits were 40.3% at eleven years, 42.8%
at thirteen years and 43.8% at fifteen years; boys had
higher prevalence of incorrect dietary habits than girls.

Comparing these findings to other research, it can be
observed that most of the studies reported that at least
10-30% of children and adolescents never eat breakfast
[29]. Additionally, an increasing prevalence was noticed
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Table 2
Dietary indicators by age and gender. Italy, 2018
Dietary habits* 11 years old 13 years old 15 years old All age group
N=19,504 N=20,554 N=18,918 N =58,976

Boys (%) Girls (%) Boys (%)
Breakfast daily

Yes 64.8 60.5 61.6
No 35.2 39.5 384
Missing 38 26 2.2
Fruit at least once a day

Yes 35.6 41.0 31.8
No 64.4 59.0 68.2
Missing 0.5 04 04
Vegetables at least once a day

Yes 23.1 31.1 222
No 76.9 68.9 77.8
Missing 0.6 04 06
Fruit/Vegetables at least once a day

Yes 440 524 40.5
No 56.0 47.6 59.5
Missing 0.7 0.5 0.6
Legumes at least twice a week

Yes 439 472 49.0
No 56.1 52.8 51.0
Missing 1.1 1.0 12
Carbonated-sugary drinks less than once a day

Yes 83.8 87.5 84.1
No 16.2 125 159
Missing 0.6 04 04
Correct dietary habits

Less than 3 428 37.7 432
At least 3 57.2 62.3 56.8
Missing 55 35 35
Number of correct dietary habits

0 1.9 15 2.2
1 13.2 11.5 11.9
2 27.7 24.8 29.2
3 31.7 31.0 324
4 176 20.2 17.3
5 79 11.0 7.0
Missing 45 35 35

Girls (%) Boys (%) Girls (%) Boys (%) Girls (%)

48.1 57.5 458 61.7 51.9
519 42.5 542 383 48.1
1.7 1.6 12 26 1.9
382 292 37.1 325 389
61.8 70.8 62.9 67.5 61.1
0.2 0.2 0.1 04 0.2
330 20.7 33.7 221 325
67.0 793 66.3 779 67.5
0.2 0.3 0.1 0.5 03
50.5 37.1 50.0 409 51.1
49.5 62.9 50.0 59.1 489
0.2 0.3 0.1 0.6 0.3
523 532 546 483 51.1
47.7 46.8 454 51.7 489
0.8 0.7 04 14 0.7
884 84.3 90.4 84.1 88.7
11.6 15.7 9.6 159 11.3
0.1 0.3 0.1 0.5 0.2
423 455 423 437 40.7
57.7 54.5 57.7 56.3 593
2.6 2.2 1.7 39 2.7
1.9 20 1.7 20 1.7
124 12.3 109 12.5 11.7
280 31.2 29.7 29.2 27.3
28.1 325 280 322 290
19.7 14.9 19.2 16.7 19.8
9.9 7.1 10.5 74 10.5
26 2.2 1.7 39 2.7

*For each variable, percentages are calculated on the total of subjects excluding those with missing information. Percentage of those missings are calculated on

the total.

in adolescents, mainly in girls [29, 30]. Furthermore,
since 2014, a significant decline in daily breakfast con-
sumption was observed in most countries, including
Italy [15, 31].

The determinants of fruit and vegetable intake
among adolescents are numerous: gender, age, paren-
tal vegetable and fruit consumption, and the availabil-

ity/accessibility of these foods at home. In addition,
girls tend to have a higher or more frequent intake of
fruit and vegetables than boys [32, 33]. In general our
findings suggest that the daily frequency of fruit and
vegetables consumption was very low among Italian
young people.

Carbonated-sugary beverages are the leading source
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Table 3

Logistic regression models for dietary indicators. Italy, 2018

Legumes less than
twice a week

Carbonated-sugary
drinks at least once

Less than 3 correct
dietary habits

Indipendent No daily breakfast Fruit/Vegetables less
variables N=57,874 than once a day
N =58,708

Prev OR* 95%ClI Prev OR* 95%Cl Prev
Age
11 years 373 1 519 1 54.5
13 years 450 136 (1.24-148) 546 112 (1.03-122) 493
15 years 484 149 (136-1.62) 564 117 (1.07-127) 46.1
Gender
Males 383 1 59.1 1 51.7
Females 481 154 (144-164) 489 067 (062-0.71) 489
Residence area
North 37.8 1 49.8 1 57.8
Centre 409 112 (1.03-122) 526 1.10 (1.02-1.19) 514
South 510 170 (157-1.85 602 143 (1.33-155) 405
Parents’ country of birth
Both Italians 429 1 545 1 50.5
One foreign 420 103 (091-1.17) 529 094 (0.83-1.08) 51.0
parent
Both foreigns 457 123 (1.09-140) 497 076 (067-087) 483
Parent’s educational level**
Low level of 520 1 64.6 1 47.7
education
Medium level 449 087 (0.79-097) 560 077 (0.69-086) 49.0
of education
High level of 391 075 (067-084) 453 054 (048-061) 475
education
Don't know 417 092 (0.82-1.03) 564 087 (0.77-099) 56.0
Family Affluence Scale (FAS)
Low 482 1 60.1 1 482
Medium 423 089 (0.83-096) 543 089 (0.82-096) 51.1
High 389 084 (076-092) 463 070 (064-0.77) 508
Hours “screen time” daily
< 2 hours 394 1 486 1
> 2 hours 458 124 (1.16-132) 580 1.37 (1.29-145)
Family meals
Less than 449 1 57.2 1
every days
Every days 419 083 (0.78-089) 516 075 (0.71-0.79)

*Adjusted Odds Ratio for all variables list in the Table 3.
**The highest educational level between the two parents.

of added sugars in adolescents’ diet; sugar-containing
beverages and free sugars may increase the risk for over-
weight, obesity and dental caries as well as result in poor
nutrient supply and decrease dietary diversity. For these
reasons, it is especially important to avoid or limit free
sugars in infants and obese/overweight children/adoles-
cents [34-36]. In Italy, a “sugar tax” should be applied
to carbonated-sugary beverages from 1s October 2020.

In accordance with other studies [37-40], our results
underlined that high consumption of carbonated-sug-
ary beverages as well as low intake of fruit and vegeta-

N =58,355 aday N=57,308
N =58,746

OR* 95%Cl Prev OR* 95%ClI Prev OR* 95%CI
1 144 1 403 1

083 (0.76-091) 138 094 (083-1.07) 428 1.09 (1.00-1.20)

076 (069-083) 126 086 (0.75-098) 438 1.12 (1.03-1.23)
1 159 1 43.7 1

091 (0.86-097) 113 067 (061-0.74) 407 091 (0.85-0.97)
1 118 1 39.7 1

076 (069-082) 121 1.03 (091-1.17) 397 097 (0.89-1.05)

047 (043-051) 167 148 (131-167) 465 124 (1.14-1.34)
1 13.2 1 422 1

097 (085-1.11) 132 1.10 (091-1.32) 408 097 (0.85-1.11)

069 (061-078) 182 138 (1.17-162) 420 086 (0.76-0.98)
1 222 1 535 1

088 (0.79-098) 128 060 (0.52-068) 43.1 0.72 (0.65-0.80)

078 (069-087) 85 040 (0.34-047) 331 051 (045-057)

103 (091-1.16) 173 082 (0.70-096) 464 089 (0.79-1.00)
1 17.0 1 482 1

104 (096-1.13) 124 085 (0.77-095) 416 086 (0.80-0.93)

101 (093-1.10) 116 092 (0.80-1.06) 356 0.75 (0.69-0.82)
1 100 1 353 1

125 (1.17-133) 160 169 (1.53-1.86) 469 1.55 (1.45-1.65)
1 120 1 442 1

094 (0.89-1.000 148 126 (1.15-1.37) 405 083 (0.78-0.88)

bles were associated with use of TV or other devices for
more than 2 hours per day.

High Family Affluence and parents’ high educational
level were linked to better eating habits. These results
are confirmed by several studies; in particular, socio-ec-
onomically disadvantaged people showed more difficul-
ties to change unhealthy behaviours since their environ-
ments offer fewer opportunities and a diet consisting of
healthy foods is generally more expensive [41, 42].

On the contrary, family support as well as the habit to
consume meal with family every day have been report-
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ed to be positively associated with a better diet among
adolescents and these behaviours are also evident for
[talian young people [43].

The risk of having a less than 3 correct dietary habits
was higher among the adolescents living in the South-
ern Italy in comparison to that found for the Northern
and Central regions. This geographic gradient is also
observed for other health indicators in Italian adoles-
cents and children [4].

Eating babits: Italian HBSC results 2018 vs
International HBSC results 2018

Dietary habit data obtained from Italian HBSC
2018 study were compared to those from International
HBSC 2018 results, which involved 45 countries (in-
cluding Italy).

Overall International HBSC 2018 data report that
the consumption of breakfast every school day was
more prevalent among boys than girls and younger ado-
lescents. Concerning to the percentage of adolescents
who did not consume breakfast every school day, Italy
is in an intermediate position in the ranking of the 45
countries participating to the International HBSC 2018
study (29 place, 21+ place and 19t place respectively
for 11, 13 and 15 years old).

The results on fruit and vegetable daily consumption
showed a lower intake among Italian adolescents com-
pared to the other 45 countries: Italy ranks respectively
at 45%, 41+ and 36 for the consumption of vegetables
among 11, 13 and 15 years old and respectively at 42,
32t and 16% for 11, 13 and 15 years old for the con-
sumption of fruits.

In comparison with the same international frame-
work, rankings for a meal with family every day for Ital-
ian adolescents were: 21+, 17+ and 10+ for 11, 13 and
15 years, respectively. The International HBSC average
showed a decrease of having meal with family every day
among older adolescents.

The overall findings indicate that actions to improve
healthy dietary habits among young people should be
undertaken. In particular, the consumption of fresh
fruit and vegetables as well as breakfast every day, in
addition to decrease of routine consumption of nutri-
ent-poor foods high in sugars, should be encouraged
among both Italian and European adolescents. As
reported by WHO, the taxation of sugar-sweetened
beverages might be an important action to reduce
sugar consumption among young people [44]. The
importance of dietary factors to gain health and well-
being for every age group of the population has been
indicated by the WHO. In the “European Food and
Nutrition Action Plan 2015-2020" report, the WHO
suggested possible actions that governments should
implement to improve the quality of life, such as the
creation of healthy food and drink environments, pro-
motion of a balanced and healthy diet by a life course
approach taking into account population differences
as well as the vulnerability of some groups [13]. In ad-
dition, schools can play an important role to encour-
age healthy food choice by promoting education and
restricting the availability of unhealthy foods in school
context [45].

STRENGTHS AND LIMITATIONS

The main strength of this study was the use of a large
and representative Italian sample to investigate the as-
sociation between dietary habits of adolescents and so-
cial-demographic characteristics with a low percentage
of missing values.

However, the questionnaire used in HBSC study
does not permit to characterize food consumption pat-
terns by adolescents and portion sizes as well.

Moreover, the parental country of birth and the edu-
cational level was reported by the adolescents who,
sometimes, did not know the answer to these questions.
The HBSC methodology strengths and limitations were
described in Appendix 1.

CONCLUSIONS

A healthy diet plays a crucial role in the quality of life
during adolescence and also into the adult life. Data of
this study underline the need to encourage healthy food
consumption and the implementation of policies at na-
tional and local level. The policy-makers and stakehold-
ers should use the survey’s data to promote a cultural
change to a healthy diet among all population groups,
particularly children and adolescents.

APPENDIX 1. THE HBSC METHODOLOGY
Background

Data were collected as part of the 2018 Health Be-
haviour in School-aged Children (HBSC) study. HBSC
is a World Health Organisation (WHQ) Collaborative
Cross-National Survey of school students, collecting
data every four years on well-being, social environments
and health behaviours in early adolescence (aged 11, 13,
and 15 years). HBSC 2018 survey includes data from 45
countries across Europe and North America, all adher-
ing to a detailed international study protocol [1, 2].

Italy joined HBSC international network in 2000
and has carried out five data collections (2002, 2006,
2010, 2014, 2018), promoted and funded by the Min-
istry of Health, and coordinated by the Universities of
Torino, Padova and Siena, with the support of Ministry
of Education and the Italian regions [3]. Since 2017,
the Prime Minister’s Decree on “registers and surveil-
lance” has included the Surveillance of behavioural risks
at 11-17 years of age among the Surveillance Systems of
national and regional relevance, coordinated by the Ital-
ian National Institute of Health, with the collaboration
of Universities of Torino, Padova and Siena [4].

Methods
Sampling procedures

The sampling procedure adopted in Italy has followed
the rules agreed internationally. Class is the primary
sampling unit, drawn by systematic cluster sampling of
all public schools throughout the Italian regions on the
behalf of the Ministry of Education, allowing a national
and regional representative sample of youths aged 11,
13, and 15 years. In 2018, the Italian HBSC survey in-
cluded around 4,100 classes and 85,000 students: the
response rates were 86% of all sampled classes and 97%
of students.



DIETARY HABITS AMONG ITALIAN ADOLESCENTS

Data collection

Data were collected using the international question-
naire, including information on health indicators, health-
related behaviours and socio-demographic characteris-
tics. Socioeconomic status was assessed according to the
Family Affluence Scale (FAS), a reliable indicator of fam-
ily wealth [5]. The scale consists of six questions including
family car ownership, whether adolescents have their own
bedroom, number of holidays trips taken in the last year,
number of computers owned by the family, dishwasher
ownership, and number of bathrooms in the home. The
obtained score (0-13) was recoded in a 3-point ordinal
scale according to low (0-6), medium (7-9), and high
(210) family affluence. The geographic area of residence
was derived from the Region of residence and classified
into North, Central and South Italy according to the Ital-
ian National Institute of Statistics (ISTAT) classification.

The questionnaires, distributed in schools, were self-
filled and anonymous.

The responses to the questionnaires were acquired
through optical reading. The construction of the data-
base, the cleaning of the records and the subsequent
analysis of the data were carried out centrally by the
coordination group.

Ethics and privacy

Students’ parents received an information note with
the description of the purpose of the survey before the
day of the data collection. Families could refuse the
participation by filling in the note that was returned to
the teachers of the involved class. In respect of anonym-
ity and privacy, respondents can never be identified.

In 2018, the Italian HBSC study protocol and ques-
tionnaire were formally approved by the Ethics Com-
mittee of the Italian National Institute of Health (Ref.
PROT-PRES876/17, 20 November 2017)

Strengths and limitations

Limitations of the HBSC are the cross-sectional de-
sign, which does not allow to draw conclusions about
causation, and the self-reported information.

The main strengths are standardized and validated
data collection procedures, based on the international
HBSC study, and the representativeness of the find-
ings, both at national and regional level, with the largest
sample size available in these developmental ages.
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Abstract

Objective. Problematic Social Media Use (PSMU) has an addictive potential for young
users. The aim of this study was to show the prevalence of PSMU across Italian regions
and its association with health complaints.

Materials and methods. Data are gathered from the Italian 2018 Health Behaviour in
School-aged Children survey using a representative sample of Italian adolescents aged
11, 13 and 15 years (50.6% males). Participants completed self-administered question-
naires assessing PSMU and health complaints.

Results. PSMU affects 8.9% adolescents in Italy and the prevalence is quite consistent
across regions. 13-year-olds girls showed the highest percentage of PSMU (13%). Prob-
lematic users of social media are more likely to report multiple somatic (OR = 1.84 [95%
CI 1.82-1.85]) and psychological (OR = 2.60 [95% CI 2.58-2.63]) symptoms.
Conclusions. PSMU represents a widespread problem in Italy. National prevention in-

e problematic use
e adolescence

¢ psychosomatic symptoms

terventions are needed in order to promote a positive use of social media.

INTRODUCTION

Among the many activities available on Internet, the
use of social media (e.g., Facebook, WhatsApp, Insta-
gram, etc.) has been growing and now involves more
than one third of the world population [1]. This impres-
sive statistic has led to increasing interest in this phe-
nomenon and its positive and negative impact on ado-
lescents’ health and well-being [2]. When conscious and
moderate, the use of social media tends to be beneficial
for adolescents’ social relationships and adjustment, for
example in terms of contact with peers, entertainment,
and civic engagement [3, 4]. Nevertheless, many re-
searchers have recently begun to focus on “Problematic
Social Media Use” (PSMU) in youths’ lives as it can be
a potential behavioural addiction and it has been found
to be associated with a number of negative outcomes,
such as somatic symptoms [5], academic performance
[6], and psychological distress [7]. It has recently been
shown that the prevalence of PSMU in adolescence
varied significantly across European countries with Italy

showing one of the highest percentages of adolescents
with PSMU [8]. The aim of the current study is to show
a clear picture of the prevalence of PSMU across Italian
regions and its association with somatic and psychologi-
cal complaints among adolescents involved in the latest
HBSC survey (2018).

PSMU has been conceptualized as the presence of
“addiction-like” symptoms due to social media use: (i)
preoccupation (i.e. constantly thinking about social me-
dia), (ii) tolerance (i.e. desiring to spend more time on
social media), (iii) withdrawal (i.e. feeling bad when of-
fline), (iv) persistence (i.e. failing to reduce time spent
on social media), (v) escape (i.e. using social media to
escape from negative feelings), (vi) problems (i.e. hav-
ing arguments with others because of social media); and
other specific features borrowed from the latest edition
of the Diagnostic and Statistical Manual of Mental Dis-
orders (DSM-5) criteria for Internet Gaming Disorder
[9]: (vii) deception (i.e. lying to family and friends about
the time spent on social media), (viii) displacement (i.e.
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neglecting other activities because of social media use),
and (ix) conflict (i.e. having serious conflicts with family
due to social media use) [10]. Although the DSM-5 and
the 11th Revision of the International Classification of
Diseases (ICD-11) [11] have not recognized PSMU as
a mental disorder yet, there is a growing body of evi-
dence sustaining the addictive potential of social media
and its association with physical/somatic and psycho-
logical problems [7, 12].

A positive association between Facebook addiction
and somatic symptoms in adolescence was reported by
Koc and colleagues [13] and Hanprathet and colleagues
[14] who demonstrated a negative impact of problem-
atic Facebook use on general health including somatic
symptoms, anxiety, insomnia, depression, and social
dysfunction. Cerutti and colleagues [15] showed that
adolescent problematic Internet users (engaged in social
media use and other online activities) have higher lev-
els of somatic symptoms (e.g., stomach pain, headache,
sore muscle, low energy) compared with non-problem-
atic peers. Moreover, it has been suggested that prob-
lematic Internet use might put adolescents at greater
risk of somatization both directly and indirectly via sleep
disturbance [16]. It follows that PSMU might be related
to poor sleep which, in turn, may negatively impact per-
ceived physical health and school performance [6, 17].

Meta-analytic studies and systematic reviews [5, 7,
18-20] have been highlighting the association between
PSMU, well-being, and psychological problems. Prob-
lematic social media users tend to report low levels of
well-being (including self-worth, social adjustment,
quality of life, and happiness) and low levels of satisfac-
tion with life and with social relationships [8, 21, 22].
Moreover, problematic users also report frequent psy-
chological complaints sustaining the idea that PSMU
might contribute to increasing anxiety, depression,
loneliness and mood swings, especially in children and
young people [20, 23, 24].

It has been pointed out that (early) adolescence
might be the crucial and vulnerable developmental
stage in which young users might not be able to avoid
the negative consequences of social media use [19]. In-
deed, in the last decades, the prevalence of adolescent
psychological distress has been growing in European
countries [19] and younger users appear to be at great-
er risk to develop PSMU and mental health problems
because of the addictive potential of social media [25].
To our knowledge, no studies have investigated the
prevalence of PSMU and its association with adoles-
cents’ psychosomatic health in a representative sample
of adolescents in Italy.

The aim of this study is twofold: (i) to estimate the
prevalence of problematic social media use across Ital-
ian regions by age groups (11, 13 and 15 years) and
gender; and (ii) to evaluate whether PSMU is associ-
ated with health complaints (psychological and somatic
symptoms) in a representative sample of adolescents in
Italy, in line with previous international studies [19].

MATERIALS AND METHODS
Setting and sampling
Data were gathered from the 2018 Italian Health

Behaviour in School-aged Children (HBSC) survey.
HBSC is a cross-national survey undertaken every four
years in 50 countries in Europe and Canada with the
collaboration of World Health Organization Regional
Office for Europe (for details see [26]). This study in-
volved a representative sample of youths aged 11, 13
and 15 years corresponding to the 6th, 8th and 10th
grade (1st and 3rd grade of Italian middle school, and
2nd grade of Italian secondary school). For further
methodological details see Appendix 1 in the paper by
Nardone et al., published in this same issue of Annali
dell'Istituto Superiore di Sanita.

Measures

Problematic Social Media Use. PSMU was assessed
through the Social Media Disorder Scale [10] that was
translated into Italian following the indications of the
international protocol [8]. The scale includes 9 items
covering the criteria for PSMU described by van den
Eijnden and colleagues [10]: preoccupation (“.. have
you regularly found that you can’t think of anything
else but the moment that you will be able to use social
media again?”), tolerance (“...regularly felt dissatisfied
because you wanted to spend more time on social me-
dia?”), withdrawal ( “...often felt bad when you could
not use social media?”), persistence (... tried to spend
less time on social media, but failed?”), displacement
(“... regularly neglected other activities (e.g. hobbies,
sport) because you wanted to use social media?”), prob-
lem (“... regularly had arguments with others because
of your social media use?”), deception (... regularly lied
to your parents or friends about the amount of time
you spend on social media?”), escape (“... often used so-
cial media to escape from negative feelings?”), conflict
(“... had serious conflict with your parents, brother(s)
or sister(s) because of your social media use?”). Partici-
pants were asked to think about the last year and an-
swer “yes” or “no” to each item. In order to be classified
as “problematic users” (1), participants had to answer
“yes” to six or more items; participants answering posi-
tively up to five items were classified as “non-problem-
atic users” (0).

Health complaints. The HBSC Symptom Checklist
[27] was used to assess health complaints. The scale
comprises two subscales: (i) somatic symptoms (4
items: headache, stomachache, backache, feeling diz-
zy); and (ii) psychological symptoms (4 items: feeling
low, irritable or in a bad mood, nervous and having dif-
ficulties falling asleep). Participants were asked to rate
the frequency of symptoms over the last 6 months on a
5-point scale (from 1= “about every day” to 5= “rarely
or never”). The two subscales were dichotomized: par-
ticipants reporting 2 or more somatic/psychological
symptoms more than once a week were considered to
experience “multiple somatic symptoms” and “multiple
psychological symptoms” [28].

Control variables

Age, gender and family affluence were used as con-
trol variables. The Family Affluence Scale (FAS) [29]
was used as a proxy of socio-economic status and is de-
scribed in Appendix 1.
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Statistical analysis

Cronbach’s alphas were calculated for the Social
Media Disorder Scale and the two dimensions of the
HBSC Symptom Checklist in order to assess the reli-
ability of the scales in this study.

In order to show the prevalence of problematic so-
cial media users in Italy, percentages across regions, age
groups and gender were calculated.

In order to test for the possible contribution of PSMU
to somatic and psychological symptoms, six multivari-
able logistic regression analyses were run, controlling
for the effect of children’s age, FAS and, in some mod-
els, gender. Multiple somatic and psychological symp-
toms were the dependent variables and PSMU was the
independent variable. Analyses were run on the total
sample and for males and females separately. Odds ra-
tios (OR) with 95% confidence intervals (95% CI) were
calculated.

IBM SPSS Statistics 25 was used to perform the
analyses.

RESULTS
Descriptive statistics

Overall, a total of 58,976 youths completed the ques-
tionnaire (mean age = 13.5 years, Standard Deviation
(SD) = 1.6 years; 50.6% males), distributed across It-

aly’s 21 regions (1281-5570 youth per region). For the
purpose of this study, only youths with complete data in
the variables of interest (i.e. answering the 100% of the
items related to PSMU and health complaints) were in-
cluded in the final analyses.

The Cronbach’s alpha for the Social Media Disorder
Scale was 0.72. The Cronbach’s alpha was 0.69 for the
somatic symptoms dimension and 0.77 for the psycho-
logical symptoms dimension of the HBSC Symptom
Checklist.

Table 1 shows that PSMU affects 8.9% adolescents
in Italy and that the prevalence of PMSU is quite con-
sistent across regions, slightly varying from 6.6% (Valle
d'Aosta and Friuli Venezia Giulia) to 10.8%-10.9%
(Campania and Puglia). With regard to differences
across age groups, 13-year-olds reported the highest
percentages of PSMU (10.2%) followed by 11-year-olds
(8.6%) and 15-year-olds (7.8%). Whereas boys and girls
appear to be at similar risk of PSMU among 11-year-
old adolescents (8.6% and 8.7% respectively), PSMU is
higher among 13- and 15-year-old girls as compared to
their male peers (13.0% vs 7.5%; 10.0% vs 5.5%, respec-
tively). Specifically, at age 13 girls reported the high-
est percentages of PSMU in Italy (i.e. 17.0% in Puglia,
16.1% in Campania, and about 15.0% in Lombardia,
Umbria and Abruzzo) whereas the lowest percentage

13-year-olds (n = 19,292) 15-year-olds (n = 16,840)

Table 1
Prevalence of problematic social media use by region, age group, and gender (n = 53292)
Total 11-year-olds (n =17,160)
% %

Boys Girls Total

Piemonte 8.1 83 89 8.6
Valle d'Aosta/Vallée 6.6 45 5.2 49
d’Aoste

Lombardia 10.3 9.5 10.5 10.0
Bolzano/Bozen 9.1 9.3 74 84
Trento 82 10.7 83 94
Veneto 9.1 8.8 76 8.2
Friuli Venezia Giulia 6.6 8.1 56 6.8
Liguria 89 8.6 76 8.1

Emilia Romagna 83 5.7 7.5 6.6
Toscana 75 58 7.5 6.7
Umbria 85 7.1 58 6.4
Marche 8.6 9.6 1.9 10.7
Lazio 8.3 6.9 7.8 7.3

Abruzzo 9.3 9.7 9.1 94
Molise 9.5 104 10.2 103
Campania 10.8 11.1 13.6 122
Puglia 109 84 9.2 8.8
Basilicata 9.2 8.0 104 9.1

Calabria 10.0 9.1 103 9.6
Sicilia 100 94 104 9.9
Sardegna 9.2 9.3 9.6 9.5

Italy 8.9 8.6 8.7 8.6

% %

Boys Girls Total Boys Girls Total
5.6 13.0 9.2 43 84 6.2
6.8 109 89 39 79 59
9.8 154 125 59 9.8 8.1
6.9 125 9.9 89 8.7 8.8
9.0 8.8 89 55 73 6.5
86 129 10.8 6.0 10.1 8.0
4.0 9.7 6.9 45 7.5 6.1
8.6 124 103 58 10.8 8.2
85 10.2 94 52 1.2 87
48 119 84 4.6 10.0 7.2
9.5 15.1 122 6.7 6.6 6.7
4.7 124 84 4.6 8.6 6.8
6.4 1.7 9.1 4.2 13.6 84
6.6 155 10.7 43 10.7 7.8
7.0 139 10.1 6.6 9.0 79
8.9 16.1 125 4.6 11.0 7.8
89 170 12.7 7.7 138 109
85 126 10.7 6.0 86 7.1
7.5 14.5 1.1 6.9 114 9.3
104 14.7 126 4.6 11.2 7.7
6.5 129 9.5 5.1 105 8.0
7.5 13.0 10.2 5.5 10.0 7.8
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(4.0%) was observed among boys in Friuli Venezia Gi-
ulia. At age 15, boys in Valle d’Aosta showed the lower
percentage of PSMU (3.9%) and the biggest difference
between girls (13.6%) and boys (4.2%) was observed in
Lazio. Overall, the regions in which PSMU was spread
the most were Campania among 11-year-olds (12.2%)
and Puglia among 13- and 15-year-olds (12.7% and
10.9% respectively).

Findings of the logistic regression analyses

Results from the logistic regression (Table 2) shows
that being problematic users of social media increased
the likelihood of reporting multiple somatic symptoms
[2 or more symptoms claimed more than once a week;
OR = 1.84 (95% CI: 1.82-1.85)], controlling for age,
gender, and FAS. The strongest associations (above
OR = 2.24) between PSMU and somatic symptoms
were observed in Sardegna, Calabria, Umbria and Val-
le d’Aosta, with boys from Umbria and Sardegna and
girls from Valle d’Aosta and Calabria showing the high-
est impact of PMSU on multiple somatic symptoms.
This effect was non-significant among girls in Abruzzo
and among boys in eight regions (i.e. Piemonte, Valle
d’Aosta, Trento, Bolzano, Toscana, Marche, Molise,
Basilicata).

Table 2

Table 3 shows that problematic users of social media
are also more likely to report multiple psychological
symptoms [2 or more symptoms reported more than
once a week; OR = 2.60 (95% CI: 2.58-2.63)], adjust-
ing for confounders. Across regions, the highest effects
(above OR = 3.00) of PSMU on psychological symp-
toms were observed in Piemonte, Valle d’Aosta, Tos-
cana, Lazio, Molise, and Sardegna. Among girls, the
strongest associations were observed in Valle d’Aosta
and Sardegna. However, male problematic users seem
to experience more psychological symptoms in Um-
bria and Abruzzo. This effect was non-significant only
among boys in Bolzano.

DISCUSSION

This study aimed to investigate the prevalence of
PSMU and analysed its association with health com-
plaints (psychological and somatic symptoms) in a rep-
resentative sample of Italian adolescents. On average,
almost one out of ten adolescent reported problematic
social media use, which was associated with both so-
matic and psychological symptoms.

Our findings showed that PSMU is a widespread
problem in Italy, with almost one out of ten adolescents
(8.9%) reporting a problematic use of social media; the

OR (95% CI) for multiple somatic symptoms (2 or more symptoms more than once a week); independent variable: Problematic

Social Media Use (0 = no; 1 = yes)

Piemonte

Valle d'Aosta / Vallée d’Aoste
Lombardia

Bolzano/Bozen

Trento

Veneto

Friuli Venezia Giulia

Liguria

Emilia-Romagna

Boys?
(n=25,917)

1.49(.82-2.72)
1.45(59-3.58)
2.05(1.31-3.20)**
1.21(0.53-2.77)
1.68(0.96-2.92)
1.99(1.35-2.93)***
2.16(1.19-3.93)*
2.02(1.21-3.37)**
1.79(1.04-3.10)*

Girls?
(n=26,225)

1.52(1.04-2.22)*
2.69(1.55-4.68)***
1.78(1.28-2.47)***
1.79(1.12-2.88)*
2.21(1.48-3.30)***
1.55(1.17-2.06)**
1.87(1.25-2.79)**
1.57(1.06-2.32)*
1.95(1.37-2.77)***
1.82(1.25-2.65)**
1.82(1.02-3.24)*
1.82(1.28-2.58)***
1.71(1.19-2.45)**
1.37(0.95-1.98)
2.09(1.41-3.10)***
1.61(1.14-2.26)***
1.84(1.33-2.54)***
2.15(1.32-3.50)**
2.70(1.94-3.77)***
1.52(1.07-2.17)*
2.17(1.30-3.45)**

Total®
(n=52,142)

1.53(1.11-2.11)*
2.24(1.42-3.54)***
1.87(1.43-2.44)***
1.60(1.07-2.41)*
2.02(1.47-2.79)***
1.71(1.36-2.15)***
1.99(1.42-2.78)***
1.74(1.17-2.37)7**
1.91(1.42-2.57)***
1.65(1.19-2.27)**
2.33(1.49-3.64)***
1.77(1.31-2.38)***
1.93(1.43-2.60)***
1.56(1.16-2.12)**
1.86(1.34-2.57)***
1.66(1.26-2.19)***
1.79(1.37-2.34)***
1.97(1.34-2.89)***
243(1.86-3.18)***
1.94(1.46-2.57)***
244(1.64-3.63)**

Toscana 1.18(0.59-2.36)
Umbria 3.68(1.83-7.41)%**
Marche 1.63(0.92-2.88)
Lazio 2.36(1.41-3.95)***
Abruzzo 2.00(1.18-3.40)**
Molise 1.42(0.78-2.60)
Campania 1.71(1.07-2.75)*
Puglia 1.64(1.02-2.65)*
Basilicata 1.71(.90-3.25)
Calabria 1.89(1.17-3.07)**
Sicilia 2.71(1.74-4.22)***
Sardegna 3.12(1.61-6.07)***
Italy- 2.05(2.01-2.08)***

1.71(1.69-1.73)*** 1.84(1.82-1.85)***

* p<0.05; **: p<0.01; ***: p<0.001; 2: control variables: age and family affluence - effects not reported for clarity seeking; °: control variables: age, gender and family

affluence; < weighed for region.
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Table 3

OR (95% Cl) for multiple psychological symptoms (2 or more symptoms more than once a week);
independent variable: Problematic Social Media Use (0 = no; 1 = yes)

Piemonte

Valle d’Aosta / Vallée d’Aoste

Lombardia
Bolzano / Bozen
Trento

Veneto

Friuli Venezia Giulia

Liguria

Emilia Romagna

Boys
(n =25,898)

2.15(1.58-3.79)***
3.33(1.70-6.55)***
2.35(1.63-3.40)***
1.61(0.90-2.87)

2.25(1.48-3.40)***
1.98(1.45-2.71)***
2.76(1.71-4.47)***
2.25(1.50-3.39)***
2.22(1.43-3.46)%*

(

Toscana 2.83(1.74-4.60)***
Umbria 3.87(2.03-7.38)***
Marche 1.85(1.19-2.86)**
Lazio 2.62(1.66-4.12)***
Abruzzo 3.01(1.95-4.66)***
Molise 2.97(1.93-4.57)***
Campania 1.94(1.29-2.81)**
Puglia 232(1.58-341)***
Basilicata 1.98(1.15-3.43)*
Calabria 1.52(1.01-2.29)%
Sicilia 1.79(1.19-2.68)**
Sardegna 2.03(1.11-3.72)*
Italy< 2.23(2.20-2.27)***

Girls?
(n=26,209)

3.64(2.38-5.57)***
5.38(2.72-10.67)***
2.80(1.99-3.94)***
2.57(1.68-3.92)***
3.55(2.30-5.48)***
2.80(2.08-3.77)***
2.87(1.85-4.43)%**
3.39(2.14-5.36)***
3.37(2.26-5.03)***
3.07(2.06-4.57)%**
2.16(1.17-3.97)*
3.25(2.22-4.75)***
3.70(2.41-5.67)%**
244(1.68-3.55)***
3.28(2.14-5.03)***
2.55(1.77-3.68)***
2.63(1.84-3.74)***
242(1.44-4.06)***
2.79(1.94-4.01)
2.65(1.79-3.91)
4.57(2.45-8.54)***
2.89(2.85-2.93)***

XK%

KKK

Total®
(n=52,107)

3.06(2.26-4.13)***
4.29(2.68-6.86)***
2.60(2.03-3.33)***
2.17(1.55-3.03)***
2.86(2.13-3.84)***
241(1.95-2.98)***
291(2.11-4.02)***
2.75(2.04-3.70)***
2.83(2.11-3.78)***
3.00(2.20-4.07)***
2.92(1.86-4.59)***
2.58(1.95-3.41)***
3.24(2.39-4.40)***
2.73(2.05-3.64)***
3.09(2.29-4.18)***
2.29(1.75-3.00)***
2.51(1.94-3.25)***
2.19(1.51-3.18)***
2.16(1.66-2.82)***
2.27(1.72-2.99)***
3.13(2.06-4.76)***
2.60(2.58-2.63)***

* p<0.05; **: p<0.01; ***: p<0.001; 2: control variables: age and family affluence - effects not reported for clarity seeking; ®: control variables: age, gender, and family

affluence; < weighed for region.

prevalence appears quite consistent across the country,
although some variation was found in some regions.
Even though it was not possible to identify a clear trend
across geographic areas, it is worth noting that the two
regions with the lowest prevalence of PSMU were in
the North (Valle d’Aosta and Friuli Venezia Giulia),
while two regions from the South (Campania and Pug-
lia) showed the highest prevalence. These findings point
out that PSMU characterizes a notable portion of ado-
lescents everywhere in the country, with some regions
reflecting the North-South inequalities observed for
other health indicators, for example the prevalence of
youth gambling [30].

A wider variation in the prevalence of PSMU was
observed in relation to age groups. More specifically,
13-year-old adolescents showed the highest percent-
ages of PSMU (10.2%), compared to 11- and 15-year-
olds. It should be noted that, in Italy, 13 years old is the
minimum age required to create personal accounts on
social media. Therefore, it is possible that in this devel-
opmental stage, after a short period of familiarization
with social media, adolescents have learned most of the
social media tools but might not have the abilities to use
them in a constructive way yet. Interestingly, 15-year-
old adolescents appeared as the less problematic age

group (7.8%), suggesting a decrease of PSMU from
13- to 15-years. It could be that social media become
less pronounced (and then problematic) as adolescents
get used to them until social media use become a way
of being rather than a problematic behaviour. However,
more studies are needed in order to identify the devel-
opmental stages more exposed to the risk of developing
PSMU and explore the factors responsible for the high-
est prevalence in specific age groups.

Variation in the prevalence of PSMU was also ob-
served across gender: with the exception of 11-year-
old boys and girls, having a similar risk of developing
PSMU, 13- and 15-year-old girls reported to use social
media in a problematic way almost twice as much as
boys. This is consistent with the literature sustaining
that girls are more vulnerable to the negative conse-
quences of the online environment as they are more fre-
quently engaged in social media use than boys and they
tend to prefer social online interactions, thus incurring
in more addiction-like symptoms [7].

PSMU: Italian HBSC results 2018 vs International
HBSC results 2018

The recent HBSC international report showed that
overall 7.0% of adolescents in Europe and Canada can
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be classified as problematic social media users [31].
Overall, Italy gets the 4° place among countries show-
ing the highest percentages of adolescent problemat-
ic social media users as compared to other countries
[8]. At age 11, Italian boys and girls appeared at ma-
jor risk of PSMU as compared to the HBSC average
prevalence across countries. Specifically, they are only
less problematic than 11-year-old in Azerbaijan, Malta,
and Romania [32]. Italy ranks at 8° and 17° for PSMU
among 13- and 15-year-olds respectively. In line with
international findings, PSMU in Italy increased from
11- to 13-year-olds and was more common among girls.
However, overall in Europe and Canada, 15-year-old
girls had the highest percentage of PSMU. In contrast,
our findings highlighted that Italian 13-year-old girls
were the most problematic group in Italy along with
girls of 13 years from Malta, Wales, Romania, Ireland,
and Greece. Interestingly, at age 15, Italian adolescents
showed a modest decrease in PSMU (especially among
boys) that, instead, remained overall stable in other
countries.

PSMU and bealth complaints

Moreover, as expected, PSMU was associated with
health complaints, with greater effects on psychologi-
cal symptoms as compared to somatic ones. Regarding
the association between PMSU and somatic symptoms,
results of the present study appear in line with the lit-
erature, highlighting the negative effect of problematic
use of new technologies on somatic and physical symp-
toms [5, 33]. As social media have become an integral
part of adolescent lives and adolescents predominantly
use social media on their smartphones [25], it could be
argued that the negative impact of PSMU on somatic
symptoms, such as headache and feeling dizzy, might
be at least partially explained by the effect of smart-
phone use (or the exposure to other device screen)
on physical health [34, 35]. At the same time, given
the correlational nature of the data, it is also possible
that adolescents experiencing somatic symptoms such
as backache or stomachache are more likely to prefer
sedentary online activities, thus having a higher risk of
developing a problematic use of these technologies.

It has been suggested that the mechanism linking
PSMU and psychological problems is not straightfor-
ward, in that problematic use and psychological symp-
toms might co-occur and influence each other [7]. On
the one hand, being characterized by mood modifica-
tion, cognitive preoccupation, and compulsive online
behaviours, PSMU might result in negative conse-
quences in terms of emotional, social, and school im-
pairments [19, 36]. On the other hand, psychologically
vulnerable users (for example, experiencing any distress
due to poor social support or with low levels of psycho-
logical well-being) might use social media as a coping
strategy to regulate their emotional and social difficul-
ties putting themselves at major risk to develop a mal-
adaptive use of social media [22, 37, 38]. Although es-
tablishing the final direction of the association between
PSMU and psychological distress was not the aim of
this study, PSMU did appear to worsen the levels of
adolescents’ psycho-somatic health in Italy.

The associations between PSMU and adolescent
health were stronger for psychological than physical
symptoms. This might be due to the fact that the so-
matic effects of problematic social media may mostly
derive from the physical consequences of spending time
in front screen devices, and to a lesser extent to the so-
cial media specific uses. The opposite might be true for
psychological consequences of social media use, mostly
arising not from the time spent online per se, but rather
from the problematic aspects of PSMU, such as loss of
control and relational problems with family and friends.

STRENGTHS AND LIMITATIONS

Using a representative sample of adolescents in It-
aly represents the main strength of this study in that
it allowed to reliably estimate the association between
PSMU and health complaints. Nevertheless, the pres-
ent study comes with several limitations that have to be
acknowledged. The cross-sectional design of the study
precludes any causality statement. A comprehensive
description of the strengths and limitations of HBSC
methodology is provided in Appendix 1.

Moreover, the scale used to assess PSMU is relatively
short and does not capture the preference for online
social interactions over face-to-face communication,
which is commonly considered a key factor of the prob-
lematic use of Internet and social media among youths
[39]. Lastly, data were collected via self-report mea-
sures in line with the vast majority of the studies in the
field. However, there is a need to combine self-reported
information with objective data related to the “real” use
of social media in order to understand how and what
type of social media activity put adolescents at greater
risk to develop PSMU.

CONCLUSIONS

This is the first study showing the prevalence of
PSMU in adolescents across Italian regions. By showing
a consistent association between the problematic use of
social media and adolescent psychosomatic health, our
findings underline the urgency of implementing preven-
tion intervention in order to promote a positive use of
social media and minimize the drawbacks [40]. More-
over, the prevalence of PSMU across the country (also
as compared to the international prevalence) shows
that in no regions the problem can be considered neg-
ligible, thus underlying the need of a national strategy
to implement intervention educating adolescents to a
healthy use of social media.
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Abstract Key words
Objective. The aim was to investigate the role of different forms of social support in early | © adolescent health
sexual intercourse and contraceptive use. e sexual health

Materials and metbods. The study sample included 18,918 15-year-olds who took part | ® sexual behaviour
in the 2018 Italian Health Behaviour in School-aged Children study. Multivariable mul- | e social environment
tilevel logistic regressions were performed taking into account geographical region and

socioeconomic status.

Results. 21.7% of adolescents reported early sexual intercourse. 71.9% used a condom

at last sexual intercourse, 12.2% oral contraceptives 41.2% other contraceptive methods

(multiple response question). High support from family and from teachers were asso-

ciated with a lower likelihood of early sexual intercourse in both genders, while peer

support was shown to increase this likelihood among boys. Adolescents with high social

support were more likely to use condoms.

Conclusions. Social support can have a positive influence on adolescents’ sexual behav-

iour. Sexual education programmes should aim to engage peers and those significant

adults who can influence adolescents’ lives, in and out of school.

INTRODUCTION

Adolescence is an important life stage during which
physical, emotional, social, and biological development
influence both physiology and the behavioural transi-
tion into adulthood [1]. This period should be con-
sidered a moment of a great vulnerability, as, in addi-
tion to physiological changes, adolescents experience
contrasting emotions, personal conflicts, and social
interactions. All of these factors, combined with their
exposure to an increasingly demanding environment,
increase young people’s chances of facing health risks
[2]. It is now widely known that the impact of experi-
ences during childhood and adolescence is not limited
to these stages of life; it extends to future opportunities

and prospects. Health decisions made at this age may
also have important effects later in life [3].
Adolescence is also a period during which sexual
maturation and reproductive function become visible.
At the 1994 Cairo International Conference, the global
community established a policy framework to promote
the well-being of adolescents. The World Health Organ-
isation (WHO) claims that positive sexual health is es-
sential to achieving a sustainable development and the
realisation of global health and human rights. Age-ap-
propriate sexuality education, both in schools and at the
community level, is part of a series of measures recom-
mended by the WHO to promote healthy relationships
in adolescents [4]. The theme of adolescent sexuality
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has also been the focus of numerous studies, with par-
ticular attention paid to its biomedical aspects, e.g., sex-
ual initiation [5, 6], contraception [7], and reproductive
and sexual health risks [8]. Indeed, sexual initiation rep-
resents a public health issue for several reasons among
which being more likely engaging in more sexual part-
ners, different sexual practices and repertoires, together
with a higher likelihood of teen pregnancy, and in some
situations, be more likely to ever have a sexual transmit-
ted infection, appear to be the most important [9].

Sexual activity in itself is not a risky behaviour, but it
is widely recognised as a threat to well-being when it oc-
curs at an early age and without proper knowledge and
competences [10]. Early sexual debut is generally de-
fined according to the distribution of age at first sexual
intercourse within the community. As such, its definition
shifts over time and across countries according to com-
munity cultural norms [11]. Early sexual debut can also
be defined according to physical and/or emotional imma-
turity, as a precondition that increases the risk of sexually
transmitted infections, unintended pregnancy, and abor-
tion, and affects the social and the psychological sphere
[7,9, 12]. Based on both of these definitions [13], early
sexual debut in the US was identified as first sexual inter-
course before the age of 16 years; the same definition has
also been used in European studies [6, 14-16].

More recently, social support, both formal and infor-
mal, has been shown to have a positive connection with
the psychophysical health of adolescents. Such support
ensures a greater sense of stability and security, and it
acts as a buffer against stressful events and risky behav-
iours, including those related to sexual health, such as
early sexual debut [17]. For instance, good relationships
with family and teachers have been reported to lead to
better mental health, better subjective well-being, and
reduced substance use, while relationships with peers
have been associated both positively and negatively with
the same health issues [18, 19]. To the authors’ knowl-
edge, research on the association of social support with
early sexual intercourse and condom use in adolescents
is still in need of expansion, and particularly among Ital-
ian adolescents [20]. Therefore, the aim of this study
was to investigate the role of the support of family, peers,
teachers and classmates on early sexual intercourse and
contraceptive use among 15-year-olds in Italy.

MATERIALS AND METHODS
Study population and design

This paper is based on data from the 2018 Italian
Health Behaviour in School-aged Children (HBSC)
study. Questions on sexual behaviour were only sub-
mitted to 15-year-old students, limiting the analyses on
this outcome to a subgroup of the all sampled popu-
lation (18,918 adolescents). For more information on
the study and its methods see Appendix 1 of the paper
by Nardone et al., published in this issue of the Annali
dell’Istituto Superiore di Sanitd.

Geograpbhical region

Italy has 20 regions of different sizes (Trentino Alto
Adige is represented with two autonomous provinces),
with varying geographical characteristics, economic de-

velopment, civic culture, and institutional performance
[21]. The study methods were organized to allow a rep-
resentative sample of adolescents for each region across
the country. In these analyses, regions were grouped
into three main areas according to the Italian National
Institute of Statistics classification [22]: Northern,
Central, and Southern Italy.

Family structure

Family structure was determined by asking adoles-
cents to identify the people who live, most of the time,
in the same house in which they live [23]. Adolescents
were then classified as “living with both parents” (in-
cluding stepfather or stepmother) or “not living with
both parents” [24] very early sexual initiation (<14
years.

Social support. Family and peer support

Family and peer support were both measured using
a multidimensional scale consisting of four items. For
family support, the items were: i) “My family really tries
to help me”; ii) “I get the emotional help and support I
need from my family”; iii) “I can talk about my problems
to my family”; and iv) “My family is willing to help me
make decisions” [25, 26]. For peer support, the items
were: 1) “My friends really try to help me”; ii) “I can
count on my friends when things go wrong”; iii) “I have
friends with whom I can share my joys and sorrows”;
and iv) “I can talk about my problems with my friends”
[26]. Response options for family and peer support
ranged from “very strongly disagree” (1) to “very strong-
ly agree” (7); a sum-score was then calculated for each
scale (range 4-28) and divided by four. Missing data for
one or more items were coded as missing data for that
domain [27]. According to the most recent HBSC In-
ternational Report, both scores were then dichotomised
into low (<5.5) or high (=5.5) support [26, 28].

Social support. Teacher and classmate support

Teacher support was measured by three items: i) “I
feel that my teachers accept me as I am”; ii) “I feel
that my teachers care about me as a person”; and iii) “I
feel a lot of trust in my teachers” [29]. Similarly, class-
mate support was measured by three items: i) “The
students in my class enjoy being together”; ii) “Most
of the students in my class are kind and helpful”; and
iii) “Other students accept me as [ am” [29]. Response
options for teacher and classmate support ranged from
“strongly agree” (1) to “strongly disagree” (5). Original
codes were reversed: strongly disagree (0) to strongly
agree (4), and a sum-score was generated for each scale
(range 0-12) and then divided by three. Missing data
for one or more items were encoded as missing data for
that domain. Both of the final scores were classified as
low (<2.5) or high (>2.5) support [27, 29].

Sexual intercourse

Fifteen-year-olds were asked “Have you ever had sex-
ual intercourse (sometimes this is called making love,
having sex, or going all the way)?” [26, 30]. Response
options were “yes” and “no”. Students who replied yes
were categorised as having had early sexual intercourse.

1
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Contraceptive methods

Those who reported early sexual intercourse were
also asked about the contraceptive methods used at
last sexual intercourse: “The last time you had sexual
intercourse, did you or your partner use”: “a condom”,
“birth control pill”, “withdrawal” and “other methods”
[30]. Response options for each contraceptive method
were “yes”, “no”, and “not sure”. The latter two options
were grouped.

Statistical analysis

Descriptive analyses and comparisons between gen-
ders by geographical region, socioeconomic status,
and social support were performed by the corrected
weighted Pearson Chi square statistic. Due to the hier-
archical structure of the data, a set of multilevel logis-
tic regression analyses was performed, using school as
the level. These analyses were performed to study the
associations between social support and early sexual
intercourse, condom use, and oral contraceptive use
separately for boys and girls. All models were adjust-
ed for geographical region and socioeconomic status.
Results were reported as odds ratios (ORs) with 95%
confidence intervals (Cls). All analyses were performed
using STATA software 14.1 (Stata Corp LP, College
Station, TX, USA) and a two-tailed p value <0.05 was
considered significant. Missing values (7.3% in sexual
intercourse and 2.2% in condom use) were excluded by
pairwise deletion in descriptive analyses and by list wise
deletion in regressions.

RESULIS

Girls were approximately half (9,506; 50.2%) of the
study sample, and 46.4% of 15-year-olds were from
Northern Italy, 18.4% from Central and 35.2% from
Southern Italy. Nearly the half of them reported a me-
dium socioeconomic status (49.9%), and nearly the
80% lived with both parents. The majority of 15-year-
olds reported high family support (67.5%), high peer
support (64.5%), and high classmate support (69.9%),
while 47.3% reported high teacher support (Table 1).
Boys reported higher family, teacher, and classmate
support, while girls reported higher peer support when
compared to boys (p<0.001 for all these relationships).

The 21.7% of adolescents reported early sexual inter-
course, among these the 8.4% had declared their initia-
tion before the age of 15. Comparative analyses showed
overlapping results with those who reported having had
their first intercourse before and at 15 years of age (data
not shown).

Among adolescents who reported sexual intercourses,
the contraceptive method most commonly used in their
last sexual intercourse was condom (71.9%), followed
by other methods (41.2%, of which 38.6% declared to
have used withdrawal and 2.6% other methods) and
oral contraceptives (12.2%), finally the 4.7% reported
not having used any contraceptive. Boys were signifi-
cantly more likely to use condom than girls (74.3% vs
68.9%) and girls to use other contraceptive methods
(36.0% vs 47.7%).

Boys from Central and Southern Italy showed higher
odds ratios of sexual intercourse (OR 1.55, 95% CI

1.26-1.90; OR 2.35, 95% CI 2.00-2.78, respectively),
see Table 2. The same was observed for boys with high
socioeconomic status (OR 1.56, 95% CI 1.33-1.83).
Living with both parents showed a lower probability of
sexual intercourse in both genders (OR 0.79, 95% CI
0.69-0.90 in boys; OR 0.65, 95% CI 0.57-0.74 in girls),
as did high family support (OR 0.84, 95% CI 0.75-0.95
for boys; OR 0.55, 95% CI 0.49-0.62 for girls) and high
teacher support (OR 0.74, 95% CI 0.66-0.82 in boys;
OR 0.64, 95% CI 0.57-0.72 in girls). High peer support
was positively associated with higher odds of sexual in-
tercourse only in boys (OR 1.47, 95% CI 1.31-1.65).
Classmate support was inversely associated with sexual
intercourse, with significant results observed only in
girls (OR 0.78, 95% CI 0.69-0.88)

Table 3 reports the Odds of condom use at last sexual
intercourse among boys and girls: the use of condom
was associated with geographical region; adolescents
from Central and Southern Italy were less likely to use
condoms when compared to their counterparts from
Northern Italy, with significant results for boys from
Southern Italy [OR 0.70 and 0.76, respectively, for girls
and boys in Central Italy; 0.97 for girls in Southern It-
aly, not-significant (95% CI 0.72-1.31); 0.64, 95% CI
0.49-0.84 for boys in Southern Italy]. Higher socioeco-
nomic status was also associated with condom use in
both girls and boys, with statistically significant results
for medium and high socioeconomic status among boys
(OR 1.44, 95% CI 1.11-1.86 and OR 1.51, 95% CI
1.12-2.04, respectively) and high socioeconomic status
in gitls (OR 1.50, 95% CI 1.07-2.10).

Adolescents who lived with both parents were also
significantly more likely to have used a condom at last
sexual intercourse (OR 1.30, 95% CI 1.02-1.68 in boys;
OR 1.43,95% CI 1.10-1.86 in girls). The same was ob-
served for social support: high support was associated
with higher odds of condom use, with significant results
for high family support in girls (OR 1.45, 95% CI 1.13-
1.82), and for high teacher support (OR 1.29, 95% CI
1.03-1.60), high peer support (OR 1.30, 95% CI 1.03-
1.63), and high classmate support (OR 1.29, 95% CI
1.01-1.67) in boys.

Condom use was less frequent among adolescents
using other contraceptive methods. Oral contraceptive
use was negatively associated with condom use, with sig-
nificant results, in particular for girls (OR 0.20, 95% CI
0.22-0.44). The same was observed for other contracep-
tive methods, which showed a negative association with
condom use in both boys and in girls (OR 0.27, 95% CI
0.22-0.34 and OR 0.23, 95% CI1 0.18-0.31, respectively).
Further analyses not reported in the tables showed that
oral contraceptive use was significantly less common in
girls from Southern Italy (OR 0.50, 95% CI 0.33-0.81)
and more frequent in girls who reported high family sup-
port (OR 1.43, 95% CI 1.11-1.96). The choice of other
contraceptive methods was significantly more frequent
in adolescents from Central and Southern Italy (OR
1.13,95% CI 0.83-1.53 and OR 1.58, 95% CI 1.24-2.02,
respectively, for boys; and OR 1.53, 95% CI 1.15-2.04
and OR 1.59, 95% CI 1.24-2.04, respectively, for girls);
while a negative association was shown for gitls living
with both parents (OR 0.73, 95% CI 0.57-0.92).



ADOLESCENTS’ SEXUAL BEHAVIOURS, THE ROLE OF SOCIAL SUPPORT

.I;aeg:i:)tive analyses of study variables by gender and in the overall sample, the Health Behaviours in School-aged Children study,
Italy, 2018
Girls Boys Total
(n=9,506) (n=9,412) (n=18,918)
N % N % N %

Geographical region

Northern Italy 4,448 46.79 4,331 46.02 8,779 4641
Central Italy 1,723 18.13 1,751 18.60 3,474 18.36
Southern Italy 3,335 35.08 3,330 3538 6,665 3523
Socioeconomic status?

Low 2,536 27.25 2,257 24.89 4,793 26.08
Medium 4,620 49.64 4,558 50.26 9,178 49.95
High 2,151 23.11 2,253 24.85 4,404 23.97
Family structure

Living with both parents 7613 80.09 7422 78.86 15,035 79.47
Not living with both parents 1,893 19.91 1,990 21.14 3,883 20.53
Family support®

Low 3,330 3545 2,714 29.48 6,044 3249
High 6,063 64.55 6,493 70.52 12,556 67.51
Peer support®

Low 2,903 30.86 3714 40.29 6,617 35.53
High 6,503 69.14 5,504 59.71 12,007 64.47
Teacher supportt

Low 5147 54.81 4,683 50.58 9,830 52.71
High 4,243 45.19 4,575 4942 83818 47.29
Classmate support®

Low 3,379 35.78 2,266 24.38 5,645 30.13
High 6,064 64.22 7,027 75.62 13,091 69.87
Early Sl

No 7434 81.72 6,298 74.70 13,732 78.34
Yes 1,663 18.28 2,133 25.30 3,796 21.66
Condom use at last Slb<

No 506 31.08 536 2573 1,042 28.08
Yes 1,122 68.92 1,547 74.27 2,669 71.92
Oral contraceptive use at last Sl<

No 1,377 87.04 1,768 8836 3,145 87.78
Yes 205 12.96 233 11.64 438 12.22
Other contraceptive methods at last Slbc

No 820 52.30 1,280 63.97 2,100 58.84
Yes 748 47.70 721 36.03 1,469 41.16

2As measured by the Family Affluence Scale.
bchi-squared test significance for a value of p<0.05.
percentages for participants who reported early SI.
Sl: sexual intercourse.

DISCUSSION

Adolescence represents a time of great change, par-
ticularly with regard to sexual maturation, during which
adolescents who may be more physically and/or emo-
tionally immature may be at risk for sexually transmit-

ted infections and unintended pregnancy [7, 9, 10,
12]. This risk seems more common in those with early
sexual intercourse, commonly defined as first sexual in-
tercourse before the age of 16 years [6, 14-16]. Further-
more, early sexual debut has been shown to be more
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Table 2
Odds of early sexual intercourse in boys and girls in relation to geographical region, socioeconomic status, family structure, and
social support. The Health Behaviours in School-aged Children study, Italy, 2018

Girls Boys

adjOR 95% CI adjOR 95% CI
Geographical region
Northern Italy 1 1
Central Italy 1.21 1.00-1.47 1.55 1.26-1.90
Southern Italy 0.98 0.83-1.16 235 2.00-2.78
Socioeconomic status*®
Low 1 1
Medium 0.88 0.76-1.00 1.10 0.96-1.26
High 1.10 0.93-1.29 1.56 1.33-1.83
Family structure
Living with both parents 0.65 0.57-0.74 0.79 0.69-0.90
Social support
High family support 0.55 0.49-0.62 0.84 0.75-0.95
High peer support 0.90 0.79-1.01 1.47 1.31-1.65
High teacher support 0.64 0.57-0.72 0.74 0.66-0.82
High classmate support 0.78 0.69-0.88 0.96 0.84-1.09

Analyses were adjusted for socioeconomic status and geographical region and expressed as adjusted odds ratios (adjORs) and 95% confidence intervals (Cls); in all
dichotomous variables reference value considered is “‘not having”; Missing values in the outcome variable: n=981 (10.4%) in boys and 409 (4.3%) in girls. Statistically
significant results are in bold.

“As measured by the Family Affluence Scale.

Table 3

Odds of condom use at last S| among boys and girls with early Sls by geographical region, socioeconomic status, family structure,
social support, and use of oral contraceptives or other contraceptive method. Health Behaviours in School-aged Children study,
Italy, 2018

Girls Boys

adjOR 95% Cl adjOR 95% ClI
Geographical region
Northern Italy 1 1
Central Italy 0.70 0.50-1.00 0.76 0.54-1.07
Southern ltaly 0.97 0.72-1.31 0.64 0.49-0.84
Socioeconomic status*
Low 1 1
Medium 1.00 0.76-1.31 1.44 1.11-1.86
High 1.50 1.07-2.10 1.51 1.12-2.04
Family structure
Living with both parents 1.43 1.10-1.86 1.30 1.02-1.68
Social support
High family support 1.45 1.13-1.82 1.21 0.96-1.54
High peer support 1.04 0.81-1.34 1.30 1.03-1.63
High teacher support 1.28 1.00-1.65 1.29 1.03-1.60
High classmate support 1.10 0.87-1.40 1.29 1.01-1.67
Contraceptive method usedat last SI
Oral contraceptives 0.20 0.22-0.44 0.92 0.64-1.30
Other contraceptive methods 0.23 0.18-0.31 0.27 0.21-0.34

Analyses were adjusted for socioeconomic status and geographical region and expressed as adjusted odds ratios (adjORs) and 95% confidence intervals (Cls); in all
dichotomous variables reference value considered is “not having”. Statistically significant results are in bold.

Missing values in the outcome variable: n=50 (2.3%) in boys and 35 (2.1%) in girls.

"As measured by the Family Affluence Scale.

Sl: sexual intercourse.
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frequent in adolescents with poor perceived social sup-
port [2]. The present study explored whether social sup-
port was associated with early sexual intercourse and
lack of condom use, and whether some forms of social
support could act as protective factors.

The proportion of Italian students reporting early
sexual intercourse in this study was nearly the same as
that observed in the 2010 HBSC wave (18% for females
and 26% for males) [31] and slightly lower than that
observed in that of 2014 (21% for females and 28% for
males) [32]. Moreover, results are also similar to those
reported in a study on adolescent health and sexuality
among 14- and 15-years old students in Italy [33].

Sexual bebaviour: Italian HBSC results 2018 vs
International HBSC results 2018

Sexual habits data obtained from the Italian HBSC
2018 study were compared to those from International
HBSC 2018 results, which for sexual habits involved 43
countries (including Italy).

Among all countries participating in the international
study, an average of 14% of girls and 24% of boys re-
ported early sexual intercourse, compared to 18% of
girls and 25.3% of boys in our sample. However, the
proportions we observed are still far from the highest
percentages observed in Greenland (46% for girls) and
Albania and Georgia (45% for boys), and far from the
lowest reported in Kazakhstan and Armenia (1% for
girls) and Kazakhstan and Russian Federation (14% for
boys) [34].

Out of all 43 countries participating in the 2018
HBSC Italian boys and girls who reported sexual inter-
course ranked at 10* and 11t place, respectively.

As for condom use there was a higher proportion
of use at last sexual intercourse in boys than in girls
(74.3% vs 68.9%), which is similar to that reported in
2014 Italian HBSC (75.3% and 69.9%) [32]. In a wider
context, Italy was above the average of HBSC coun-
tries concerning condom use, but far from the highest
proportion, which was reported for Spanish girls (78%)
and for Hungarian boys (79%), and far from the low-
est proportion observed in Wales (44%) for boys and in
Albania (30%) for girls. On the overall all out of the 43
countries participating in the 2018 international study,
boys and girls ranked 5*and 21+, respectively, for con-
dom use [34].

Sexual bebaviour and social support

Confirming the results of previous research, our
study highlighted that living with both parents may
reduce the likelihood of early sexual intercourse [5, 6,
35], even if this result did not reach statistical signifi-
cance in other studies [24]. The same studies showed
that students with lower socioeconomic status were at
higher risk of early sexual intercourse [6, 24], which is
different to what observed in Italy.

Previous studies have reported that adolescents’ view
of sexual readiness is influenced by gendered behav-
iours shaped by peer and social context, and family and
significant adults have been revealed to have an impor-
tant role [10, 36]. Accordingly, our results showed that

high family support reduced the likelihood of early sex-
ual intercourse in both genders, and also led to higher
use of condoms or oral contraceptives, particularly in
girls. This result has been confirmed by other studies
that highlighted how adolescents who perceived that
they had a supportive family and who had a strong re-
lationship with their parents were more likely to delay
sexual activity [10]. Parents can play an important role
in socialisation and sexuality education through effec-
tive communication about sex. This helps adolescents
have a greater sense of stability and security, which is
needed to favour adequate sexual health practices and
to facilitate their growth into sexually healthy adults
[17, 37]. De Looze et al. also found that parent sup-
port and dialogue about protection and contraception
reduced the likelihood of early adolescent sexual initia-
tion [37]. Notably in our research, high family support
was associated with the use of condoms or oral contra-
ceptives in girls.

Templeton et al. suggested that the messages re-
ceived from parents and other adults are perceived as
very important by adolescents, who are torn between
what adults communicate and the behaviours that are
expected by peers [36]. Coherently, high teacher sup-
port in our results reduced the chances of early sexual
intercourse in both genders. Moreover, the relationship
between school and sexual debut, which has been in-
vestigated mainly in terms of aspiration and academic
performance, showed that adolescents with high school
aspirations and those who appreciate education were
less likely to engage in early sexual behaviours [5]. In ad-
dition, sexuality education in school has been reported
to be an important protective factor against risky sexual
behaviour [38]. Interestingly, modes of delivery of sexu-
ality education other than teachers have been associated
with better sexual health outcomes (remaining sexually
inactive, later age at first sexual intercourse, and condom
use) [39]. Therefore, adolescents’ beliefs and choices
seem to be conditioned by adults; however, these rela-
tionships are worthy of further analysis, especially the
one with teachers, which has been less explored.

In contrast to family and teacher support, in our
study peer support favoured an early sexual initiation
among boys. An analysis of the literature showed that
this effect of peer support has also been demonstrated
in other studies [24], and that this might be related to
the social pressure that peers exert on adolescents [5,
36]. It has been found that early sexual intercourse is
not an unplanned experience for many teens, and deci-
sions about first sexual intercourse are greatly related to
social environment, with peers playing an essential part
in building a sense of normative behaviour [40]. Indeed,
adolescents tend to modify their conduct when they feel
that their peers are starting a new behaviour, suggest-
ing that public health action plans must face this issue
by targeting peer communities instead of focusing on
individuals [40]. Interestingly, and by contrast, Burke et
al. reported that having a wider network of peers might
protect against early sexual intercourse, as it would al-
low a more accurate assessment of both the associated
risks and the normative behaviour [10]. Moreover, our
study showed a significant positive relationship between
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peer and classmate support in favouring condom use.
Indeed, it has been shown that communication regard-
ing contraception is an important predictive factor for
contraceptive use among adolescents [24].

STRENGTHS AND LIMITATIONS

The HBSC study has some overall strengths and limi-
tation that were discussed in the common section (see
Appendix 1 in the paper by Nardone et al. published
in this issue of Annali dell'Istituto Superiore di Sanita).
This particular analysis was limited in exploring sexual
intercourse and condom use. Given the need to better
address adolescents’ sexual health, it would be helpful
to enlarge the questionnaire. Moreover, the dichotomi-
sation of some of the variables could have caused a loss
of information.

CONCLUSIONS

Promoting healthy sexual maturation among adoles-
cents requires educators to adopt a holistic approach.
Adolescents who have access to comprehensive sexuali-
ty and relationship education, confidential reproductive
health services, and appropriate contraceptive methods
have better sexual health [4]. The support of the family,
peers, teachers and schoolmates is important in these
ages, even if pushing in different directions. When plan-
ning and implementing actions, it is advisable that they
are not limited to the individual level, but that involve
families and teachers as significant adults [10, 36].
Communication about sex between parents and ado-
lescents has been positively associated with adolescents’
use of contraceptives, and of condoms in particular
[41]. Moreover, it is advisable to deliver interventions
that include peers and classmates, as these groups have
been shown to have a beneficial impact on the process
of building a sense of positive normative behaviour
[40]. Given that in many European countries, includ-
ing Italy, there is no evidence of a comprehensive policy
on sexual health education in schools and communities
[42], it is highly advisable to invest in age-appropriate,
comprehensive sexuality education curricula. Educa-
tional guidance and standardised content on this sub-
ject should be created and made available for students
from preschool to university, and programmes should
aim to engage peers and the adults who influence ado-
lescents’ lives both in and out of school [4].

Acknowledgments

We thank all students who completed the question-
naires. Special thanks to the school head teachers and
teachers who actively participated in the implementa-
tion of the HBSC survey. We thank all the Regional and
Local Health Units coordinators and the health work-
ers for their fundamental contribution to the HBSC.

Conflict of interest statement
All authors declare that they have no conflict of inter-
est.

Funding
Italian HBSC survey is promoted and funded by the
Ministry of Health — Centro per la Prevenzione e Con-

trollo delle Malattie and by the Italian National Insti-
tute of Health.

Ethical approval

The Italian HBSC study protocol and questionnaire
were formally approved by the Ethics Committee of the
Italian National Institute of Health (PROT-PRE876/17,
20 November 2017).

Autbor’s contribution statement

AB, GLM and PL edited the draft and completed
the manuscript; PD supervised the process of analy-
ses; GLM and LC conducted the statistical analyses
and contributed to the writing; PN, SD, PB, ML, AS
contributed to the final manuscript editing. All authors
participated in designing the study and data collection
as members of the HBSC Italian team. All authors have
critically revised the manuscript and approved its final
version.

Submitted on invitation.
Accepted on 14 September.

Members of the 2018 HBSC-Italia Group

Paola Nardone, Angela Spinelli, Serena Donati, Da-
niela Pierannunzio, Enrica Pizzi, Silvia Ciardullo, Silvia
Andreozzi, Mauro Bucciarelli, Barbara De Mei, Chiara
Cattaneo (Istituto Superiore di Sanitad, Rome, Italy);
Franco Cavallo, Nazario Cappello, Giulia Piraccini,
Paola Berchialla, Alberto Borraccino, Lorena Charrier,
Paola Dalmasso, Patrizia Lemma, Veronica Scianna-
meo (Universita degli Studi di Torino, Turin, Italy);
Alessio Vieno, Natale Canale, Marta Gaboardi, Miche-
la Lenzi, Claudia Marino, Massimo Santinello (Uni-
versita degli Studi di Padova, Padua, Italy); Giacomo
Lazzeri, Mariano Vincenzo Giacchi, Andrea Pammolli,
Rita Simi (Universita degli Studi di Siena, Siena, Italy);
Daniela Galeone, Maria Teresa Menzano (Ministero
della Salute, Rome, Italy); Alessandro Vienna (Ministe-
ro dell'Istruzione, dell'Universita e della Ricerca, Rome,
Italy); Claudia Colleluori, Manuela Di Giacomo, Erco-
le Ranalli (Regione Abruzzo), Gabriella Cauzillo, Ma-
riangela Mininni, Gerardina Sorrentino (Regione Basi-
licata), Caterina Azzarito, Antonella Cernuzio, Marina
La Rocca, Adalgisa Pugliese (Regione Calabria), Gian-
franco Mazzarella (Regione Campania), Paola Angeli-
ni, Marina Fridel (Regione Emilia-Romagna), Claudia
Carletti, Federica Concina, Luca Ronfani, Paola Pani
(Regione Friuli Venezia Giulia), Giulia Cairella, Laura
Bosca, Maria Teresa Pancallo (Regione Lazio), Gian-
naelisa Ferrando (Regione Liguria), Corrado Celata,
Liliana Coppola, Claudia Lobascio, Giuseppina Gelmi,
Lucia Crottogini, Veronica Velasco (Regione Lombar-
dia), Simona De Introna, Giordano Giostra (Regione
Marche), Maria Letizia Ciallella, Michele Colitti, Er-
manno Paolitto (Regione Molise), Marcello Caputo
(Regione Piemonte), Domenico Stingi, Pina Pacella,
Pietro Pasquale (Regione Puglia), Maria Antonietta
Palmas, Alessandra Murgia (Regione Sardegna), Achil-
le Cernigliaro, Maria Paola Ferro, Salvatore Scondotto
(Regione Sicilia), Laura Aramini, Valentina Corridori,
Giacomo Lazzeri (Regione Toscana), Marco Cristofori,



ADOLESCENTS’ SEXUAL BEHAVIOURS, THE ROLE OF SOCIAL SUPPORT

Daniela Sorbelli, Giovanni Giovannini (Regione Um-
bria), Anna Maria Covarino (Regione Valle D'Aosta),
Federica Michieletto, Erica Bino (Regione Veneto),

REFERENCES

10.

11.

12.

13.

14.

Holder MK, Blaustein JD. Puberty and adolescence as a
time of vulnerability to stressors that alter neurobehavior-
al processes. Front Neuroendocrinol. 2014;35(1):89-110.
doi: 10.1016/j.yfrne.2013.10.004

Department of Human Services, Department of Plan-
ning and Community Development, Department of Ed-
ucation and Early Childhood Development. Vulnerable
youth framework discussion paper. Development of a
policy framework for Victoria’s vulnerable young people.
Melbourne: Victoria Government Department of Human
Services; 2008.

Peter Adamson. Child well-being in rich countries: A
comparative overview. Innocenti Report Card 11. UNI-
CEF; 2013.

World Health Organization. Sexual health and its link-
ages to reproductive health. An operational approach.
Human Repr. Geneva: WHO; 2017.

Lee RLT, Yuen Loke A, Hung TTM, Sobel H. A system-
atic review on identifying risk factors associated with ear-
ly sexual debut and coerced sex among adolescents and
young people in communities. ] Clin Nurs. 2018;27:478-
501. doi: 10.1111/jocn.13933

Hawes ZC, Wellings K, Stephenson J]. First hetero-
sexual intercourse in the United Kingdom: A review
of the literature. ] Sex Res. 2010;47:137-52. doi:
10.1080/00224490903509399

Steyn PS, Goldstuck ND. Contraceptive needs of the
adolescent. Best Pract Res Clin Obstet Gynaecol.
2014;28:891-901. doi: 10.1016/j.bpobgyn.2014.04.012
McCracken KA, Loveless M. Teen pregnancy: An up-
date. Curr Opin Obstet Gynecol. 2014;26:355-9. doi:
10.1097/GC0O.0000000000000102

Heywood W, Patrick K, Smith AMA, Pitts MK. Asso-
ciations between early first sexual intercourse and later
sexual and reproductive outcomes: a systematic review of
population-based data. Arch Sex Behav. 2015;44:531-69.
doi: 10.1007/5s10508-014-0374-3

Burke L, Gabhainn SN, Kelly C. Socio-demographic,
health and lifestyle factors influencing age of sexual
initiation among adolescents. Int J Environ Res Public
Health. 2018;15(9):1851. doi: 10.3390/ijerph15091851
Bingham CR, Crockett L]. Longitudinal adjustment pat-
terns of boys and girls experiencing early, middle, and late
sexual intercourse. Dev Psychol. 1996;32:647-58. doi:
10.1037/0012-1649.32.4.647

Nic Gabhainn S, Baban A, Boyce W, Godeau E, HBSC
Sexual Health Focus Group the. How well protected are
sexually active 15-year olds? Cross-national patterns in
condom and contraceptive pill use 2002-2006. Int ] Pub-
lic Health. 2009;54(Suppl 2):209. doi: 10.1007/s00038-
009-5412-x.

O'Donnell L, O'Donnell CR, Stueve A. Early sexual ini-
tiation and subsequent sex-related risks among urban
minority youth. The reach for health study. Fam Plann
Perspect. 2001:268-75.

Godeau E, Vignes. C, Duclos M, Navarro F, Cayla F,
Grandjean H. Factors associated with early sexual initia-
tion in girls: French data from the international survey
health behaviour in school-aged children (HBSC)/WHO.
Gynecol Obstet Fertil. 2008;36:176-82.

Maria Grazia Zuccali (Provincia Autonoma di Trento),
Antonio Fanolla, Sabine Weiss (Provincia Autonoma di
Bolzano).

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Magnusson BM, Masho SW, Lapane KL. Early age at
first intercourse and subsequent gaps in contraceptive
use. ] Womens Health. (Larchmt) 2012;21:73-9. doi:
10.1089/jwh.2011.2893

Lavikainen HM, Lintonen T, Kosunen E. Sexual behavior
and drinking style among teenagers: a population-based
study in Finland. Health Promot Int. 2009;24:108-19.
Foster CE, Horwitz A, Thomas A, Opperman K, Gip-
son P, Burnside A, et al. Connectedness to family, school,
peers, and community in socially vulnerable adolescents.
Child Youth Serv Rev. 2017;81:321-31.

Moore GF, Cox R, Evans RE, Hall.ingberg B, Hawkins
J, Littlecott HJ, et al. School, peer and family relation-
ships and adolescent substance use, subjective wellbeing
and mental health symptoms in Wales: a cross sectional
study. Child Indic Res. 2018;11:1951-65. doi: 10.1007/
$12187-017-9524-1

Lemma P, Borraccino A, Berchialla P, Dalmasso P, Char-
rier L, Vieno A, et al. Well-being in 15-year-old ado-
lescents. A matter of relationship with school. J Public
Health (Oxf). 2015;37:573-80. doi:10.1093/pubmed/
fdu095

Marino C, Vieno A, Lenzi M, Santinello M. Time trends
in adolescent sexual behaviour in Italy. Sex Health.
2014;11:379-80. doi: 10.1071/SH14094

Toth F. How health care regionalisation in Italy is wid-
ening the North-South gap. Heal Econ Policy Law.
2014;9:231-49. doi: 10.1017/51744133114000012
Istituto Nazionale di Statistica — ISTAT. Annuario Statis-
tico Italiano 2019. Roma: ISTAT; 2019.

Levin KA, Dallago L, Currie C. The association between
adolescent life satisfaction, Family structure, family af-
fluence and gender differences in parent-child communi-
cation. Soc Indic Res. 2012;106:287-305. doi: 10.1007/
$11205-011-9804-y

Young H, Burke L, Gabhainn SN. Sexual intercourse, age
of initiation and school-aged children (HBSC) Ireland
study. BMC Public Health. 2018;18:362. doi: 10.1186/
$12889-018-5217-z

Zimet GD, Dahlem NW, Zimet SG, Farley GK. The mul-
tidimensional scale of perceived social support. ] Pers As-
sess. 1988;52:30-41.

Inchley J, Currie D (Dorothy B, Young T, Samdal O, Tor-
sheim T, Augustson L, et al. Growing up unequal : gender
and socioeconomic differences in young people’s health
and well-being: health behaviour in school-aged children
(HBSC) study: international report from the 2013/2014
survey. Denmark: WHO Regional Office for Europe,
2016.

Dalmasso P, Borraccino A, Lazzeri G, Charrier L, Ber-
chialla P, Cavallo F, et al. Being a young migrant in Italy.
The effect of perceived social support in adolescence.
J Immigr Minor Health. 2018;20:1044. doi: 10.1007/
s10903-017-0671-8

Canty-Mitchell J, Zimet GD. Psychometric properties
of the Multidimensional Scale of Perceived Social Sup-
port in urban adolescents. Am ] Community Psychol.
2000;28:391-400.

Torsheim T, Wold B, Samdal O. The teacher and class-
mate support scale factor structure, test-retest reliability

1
MONOGRAPHIC SECTION . . O 8



ut
MONOGRAPHIC SECTION - . [j @

Alberto Borraccino, Giuseppina Lo Moro, Paola Dalmasso et al.

30.

31.

32.

33.

34.

35.

and validity in samples of 13-and 15-year-old adolescents.
Sch Psychol Int. 2000;21:195-212.

Young H, Kélto A, Reis M, Saewyc EM, Moreau N,
Burke L, et al. Sexual health questions included in
the health behaviour in school-aged children (HBSC)
study: An international methodological pilot investiga-
tion. BMC Med Res Methodol. 2016;16. doi: 10.1186/
s12874-016-0270-8

Cavallo F, Giacchi M, Vieno A, Galeone D, Tomba A,
Lamberti A, et al. Studio HBSC-Italia (health behaviour
in school-aged children): rapporto sui dati 2010. 2013.
Cavallo F, Lemma P, Dalmasso P, Vieno A, Lazzeri G,
Galeone D (Eds). Report Nazionale dati HBSC Italia
2014: 4° Rapporto sui dati HBSC Italia 2014. Torino:
Stampatre s.r.l.; 2016.

Donati S, Andreozzi S, Medda E, Grandolfo ME. Salute
riproduttiva tra gli adolescenti: conoscenze, attitudini e
comportamenti. Rapp ISTISAN 00/7.

Inchley J, Currie D, Budisavljevic S, Torsheim T, Jastad A,
Cosma A, et al. (Eds). Spotlight on adolescent health and
well-being. Findings from the 2017/2018 Health Behav-
iour in School-aged Children (HBSC) survey in Europe
and Canada. International Report Volume 2. Key Data.
Copenhagen, Denmark: WHO Regional Office for Eu-
rope; 2020.

Madkour AS, De Looze M, Ma P, Halpern CT, Far-
hat T, Ter Bogt TFM, et al. Macro-level age norms
for the timing of sexual initiation and adolescents’
early sexual initiation in 17 European countries. ] Ad-
olesc Health. 2014;55:114-121. doi: 10.1016/j.jado-
health.2013.12.008

36.

37.

38.

39.

40.

41.

42.

Templeton M, Lohan M, Kelly C, Lundy L. A system-
atic review and qualitative synthesis of adolescents’ views
of sexual readiness. ] Adv Nurs. 2017;73:1288-301. doi:
10.1111/jan.13207

De Looze M, Constantine NA, Jerman P, Vermeulen-
Smit E, Ter Bogt T. Parent-adolescent sexual com-
munication and its association with adolescent sex-
ual behaviors: A nationally representative analysis
in the Netherlands. J Sex Res. 2015;52:257-68. doi:
10.1080/00224499.2013.858307

Ramiro L, Reis M, De Matos MG, Diniz JA. Sex edu-
cation among Portuguese adolescent students. Proc
Soc Behav Sci. 2011;29:493-502. doi: 10.1016/j.sb-
spro.2011.11.268

Young H, Long SJ, Hallingberg B, Fletcher A, Hewitt G,
Murphy S, et al. School practices important for students’
sexual health: Analysis of the school health research net-
work survey in Wales. Eur J Public Health. 2017;28:309-
14. doi: 10.1093/eurpub/ckx203

Kinsman SB, Romer D, Furstenberg FF, Schwarz DF.
Early sexual initiation: The role of peer norms. Pediatrics.
1998;102:1185-92. doi: 10.1542/peds.102.5.1185
Widman L, Choukas-Bradley S, Noar SM, Nesi J, Gar-
rett K. Parent-adolescent sexual communication and
adolescent safer sex behavior: A meta-analysis. JAMA
Pediatr. 2016;170:52-61.

Beaumont Karolina, Maguire Marcia. Directorate Gen-
eral for Internal Policies. Policy department c: citizens’
rights and constitutional affairs. Gender equality. Policies
for sexuality education in the European Union. Note.
Brussels; 2013. doi: 10.2861/11317



Ann Ist Super Sanita 2020 | Vol. 56, No. 4: 531-537
DOI: 10.4415/ANN_20_04_18

Alcohol use and misuse: a profile
of adolescents from 2018 Italian

HBSC data

Lorena Charrier:, Natale Canale2, Paola Dalmasso:, Alessio Vieno?, Veronica Sciannameos?,
Alberto Borraccino!, Patrizia Lemma:, Silvia Ciardullo+, Paola Berchiallas and the 2018
HBSC-Italia Group*

1Dipartimento di Scienze della Sanita Pubblica e Pediatriche, Universita degli Studi di Torino, Turin, Italy
:Dipartimento di Psicologia dello Sviluppo e della Socializzazione, Universita degli Studi di Padova, Padua,
Italy

sDipartimento di Scienze Cardio-Toraco-Vascolari e Sanita Pubblica, Universita degli Studi di Padova,
Padua, Italy

+Centro Nagzionale per la Prevenzione delle Malattie e la Promogzione della Salute, Istituto Superiore

di Sanita, Rome, Italy

sDipartimento di Scienze Cliniche e Biologiche, Universita degli Studi di Torino, Turin, Italy

*The members of the 2018 HBSC-Italia Group are listed before the References

Abstract Key words
Objective. Alcohol remains the most commonly substance used by adolescents.The aim | © adolescent health
of the study was to draw a comprehensive picture of the behavioural patterns that char- | ¢ alcohol

acterize alcohol use and abuse among 15-year-olds. e drunkenness

Materials and methods. The study sample included 18,918 15-year-olds participating | ® co-substances use
in the 2018 Italian Health Behaviour in School-aged Children (HBSC) survey. A Bayes- | ® risk behaviour
ian approach was adopted for selecting the manifest variables associated with alcohol

consumption; a latent class regression model was employed to identify health-related risk

patterns associated with alcohol use.

Results. 21% of our sample represented the cluster of heavy drinkers who shared oth-

er risk behaviours: heavy smoking habits (29%), cannabis (68%), gambling (52%) and

drunkenness (76%) experience, binge drinking (96%) and sexual intercourse (51%).

Conclusions. Our results confirm multiple risk-taking behaviours among adolescents

tending to cluster in behavioural patterns. This has implications for public health policies

and must be considered when planning interventions and prevention strategies.

INTRODUCTION

Despite a trend of declining in alcohol consump-
tion simultaneously to its abstinence increase among
adolescents highlighted by different authors [1-3] and
confirmed by data from the two most recent waves of
HBSC surveillance (2014 and 2018), alcohol remains
the most commonly substance used by 15-year-olds:
overall almost three in five have drunk alcohol in their
lifetime, compared with one in four for smoking and
around one in seven that use cannabis [4, 5]. For de-
cades two main models of alcohol consumption among
adolescents have been described in Europe: the “dry
culture” model in Northern Europe, characterized by
sporadic consumption, mainly concentrated in the
weekend, outside of mealtimes with the primary aim to
get drunk; the “wet culture”, specific to the Mediter-

ranean countries, characterized by more regular alcohol
consumption, with greater overall quantities, but associ-
ated with meals and rituals. In this framework, Italy had
a long-standing “wet culture” that has always been as-
sociated with high levels of alcohol consumption, espe-
cially wine [6-8]. However, recent reports indicate also
for Italy and other Mediterranean countries an increase
of the phenomenon of drinking “out of meal” and the
growing tendency to approximate a Northern European
style in the use of alcohol, that is, binge drinking (hav-
ing experienced binge drinking — five or more drinks on
one occasion — in the last 12 months was the question
asked in the national HBSC questionnaire) [9, 10].
Data from the last international HBSC survey show
that the overall prevalence of lifetime drunkenness re-
mained relatively stable since 2014, with Italian data in
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line with the HBSC averages (about 20% of 15-year-
old adolescents had been drunk twice or more in their
lifetime).

Alcohol abuse in adolescence may have a variety of
adverse social, physical, psychological consequences for
young people including missing school, school failure,
having unprotected sex (with unintended pregnancy
and sexually transmitted diseases as consequences),
destructive behaviour, increase in injury likelihood, vio-
lence and even deaths [11-20].

The behavioural pattern of adolescents who consume
alcohol can become even more complex. Findings from
many studies confirm the co-occurrence of health risk
behaviours, the idea that young adolescents exhibit
multiple health risk behaviours that tend to cluster to-
gether [21-27] and also the evidence of strong similari-
ties between countries in the clustering of adolescent
risk behaviours [2].

On the other hand, proximal contexts such as family
environment and school may shape the behavioural pat-
tern of adolescents. Previous studies suggest that living
in an intact family structure, having good relations with
parents and parental control are protective factors for
alcohol use and abuse as well as adolescents who spend
a lot of time doing homework, enjoy school and per-
ceive their school climate as positive, have lower preva-
lence rates of all alcohol outcomes [28, 29].

Although previous studies have found these relation-
ships separately, less it is known about the psychosocial
pattern of alcohol in adolescents.

The aim of the present study was to draw a compre-
hensive picture of the behavioural social and psycho-
logical patterns that characterize alcohol use and abuse
among 15-year-old adolescents in Italy.

MATERIALS AND METHODS
Study population and design

A summary of the methodology, the main areas and
questions included in the Italian HBSC questionnaire
can be found in a previous paper [30] and in the Appen-
dix 1 of the paper by Nardone et al., published in this
issue of Annali dell'Istituto Superiore di Sanita.

Participants

Because most risk behaviours showed more robust es-
timates of prevalence among 15-year-old students and
some behaviours (i.e. gambling, cannabis use, binge
drinking and sexual intercourse) were only assessed in
this age-class, we limited our analyses to 15-year-old
adolescents included in the Italian HBSC survey con-
ducted in 2018.

Statistical analyses

Details about the statistical analysis plan can be
found in a previous paper [26].

A logistic regression model (LRM) was run on the
dependent variable “frequent alcohol use” (response
“weekly” or “every day” at the question “How often do
you drink alcohol at present?”), and a spike-and-slab
prior approach was used for selecting variables associ-
ated to alcohol use among: gender, Family Affluence
Scale (FAS), which measures the socioeconomic sta-

tus of adolescents’ family (see Appendix 1 in the pa-
per by Nardone et al., published in this same issue of
Annali dell'Istituto Superiore di Sanitd), parents’s coun-
try of birth, family structure, easy to talk to father and
mother, drunkenness, binge drinking, {riends that drink
alcohol, friends drunk at least weekly, having smoked
every day in the last 30 days, cannabis and gambling
lifetime experience, ever had sexual intercourse, self-
rated health, life satisfaction, health complaints (like
headache, stomach aches, feeling low, irritable or bad
tempered, and having difficulty getting to sleep), lik-
ing school, been bullied, bullied others, fight, Body
Mass Index (BMI, Cole’s classification), body image,
consumption of fruit and vegetables, consumption of
sweets, use of soft-drinks, breakfast during schooldays
and meals with family.

Variables with a posterior probability of a non-zero
coefficient greater than 5% were entered as manifest
variables in a latent class regression (LCR) model to
identify clusters of adolescents sharing similar drinking
habits [31]. Since the LCR model requires the specifi-
cation of the number of clusters (latent classes), a series
of models were fitted for two to five clusters. The choice
of the best model was based upon the lowest value of
the Bayesian information criterion [32].

Statistical analyses were performed using R version
4.0.0 [33]. R package PoLCA [34] was used to carry
out the LCR analysis and Boom Spike Slab for the
spike-and-slab regression.

RESULTS

Analyses were performed on 18,918 questionnaires of
15-year-old students (9,506 females and 9,412 males).

Table 1 reports the characteristics of the study sample
stratified for self-reported alcohol consumption among
15-year-old students. These data show high rates of
other risk behaviours like heavy smoking habits, canna-
bis and gambling lifetime experience, drunkenness and
binge drinking, fights, having friends who drink alcohol
and experience frequent alcohol abuse and having had
sexual intercourse, among adolescents that reported to
drink at least weekly or every day. In addition, these
adolescents tend to show lower life satisfaction, a lower
rate of their health and more health complains than
their peers who don’t drink or drink rarely; they also
seem to eat fruit and vegetables less frequently, and
to consume sweets and soft-drinks at least once a day.
High prevalence of alcohol consumption turned out to
be associated with a family structure different from liv-
ing with both parents and with more difficult relation-
ships with adolescents’ mother.

On the basis of the self-reported alcohol consump-
tion (the possible responses to the question “How often
do you drink alcohol at present?” ranged from never to
every day — never; rarely; every month; every week; ev-
ery day), the LCR model identified three latent classes
for the second-grade HS students (Figure 1), which sep-
arate the sample (cluster 1 vs cluster 2, p <0.001; cluster
3 vs cluster 1, p <0.001).

The first cluster (red line) consisted mostly of adoles-
cents who drink alcohol every day; the second cluster
(green line) was composed of mostly “more moderate”
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Table 1

Characteristics of the study sample stratified for alcohol consumption (responses from “Never” to “Everyday” to the question “How
often do you drink alcohol at present?”)

n
Gender = female (%)
FAS (%):

Low

Medium

High

Parents born (%):
both in Italy

1 abroad

both abroad

Family structure = living with both
parents (%)

Talk father = easy or very easy (%)
Talk mother = easy or very easy (%)
Drunkenness = lifetime, at least twice (%)

Binge drinking = yes in the past 12
months (%)

Friends that drink alcohol = lots-all (%)

Friends drunk at least weekly = lots-all
(%)

Smoking = every day in the last 30 days
(%)

Cannabis = lifetime, yes (%)

Gambling = lifetime, yes (%)

Ever had sexual intercourse = yes (%)
Self-rated health = good/excellent (%)
Life satisfaction >6 (%)

Health complaints = at least 2 more than
once a week (%)

Body Mass Index (%):
underweight

proper weight
overweight

obese

Body image = perceiving to be too fat
(%)

Liking school = a bit or a lot (%)

Been bullied = never (%)

Bullied others = never (%)

Fight = never in the last 12 months (%)
Fruit = at least once a day everyday (%)

Vegetables = at least once a day
everyday (%)

Sweets = less than once a day (%)
Soft-drinks = less than once a day (%)
Breakfast during schooldays = 5 days (%)
Meals with family = every day (%)

Never
3827
2025 (52.9)

806 (21.6)
2024 (54.2)
903 (24.2)

3000 (80.2)
267 (7.1)

473 (12.6)

3083 (82.4)

2117 (56.4)
2882 (76.7)
24(0.6)
166 (4.4)

1812 (47.3)
548 (14.3)

46 (1.2)

181 (5.1)

888 (25.1)
300 (8.7)
3348 (88.0)
3267 (86.2)
2734 (72.2)

101 (3.0)
2719 (79.9)
494 (14.5)

87 (2.6)
1005 (26.7)

2633 (69.1)
3414 (90.0)
3481 (91.8)
3112 (81.9)
1396 (36.5)
1202 (31.5)
2853 (74.5)
3480 (90.9)
2224 (59.0)

96 (57.4)

How often do you drink alcohol at present?

Rarely
6376
3494 (54.8)

1208 (19.3)
3436 (54.8)
1624 (25.9)

5496 (87.3)
440 (7.0)
361 (5.7)

5168 (82.2)

3263 (51.8)
4675 (74.4)
467 (7.3)
1752 (27.6)

4047 (63.5)
1038 (16.3)

252 (4.0)

846 (13.9)
2134 (35.2)
936 (15.8)
5600 (88.1)
5503 (86.9)
4927 (77.8)

116 (2.0)
4724 (80.7)
845 (14.4)

167 (2.9)
1893 (30.0)

4181 (65.8
5769 (91.
5695
4737
2225

(
(
(
(
(
1949 (

)
2)
90.0)
74.8)
34.9)
306)

4774 (74.8)
5753 (90.2)
3494 (55.5)
3525 (55.3)

Monthly
3412
1860 (54.5)

528 (15.8)
1741 (52.1)
1075 (32.1)

2960 (88.2)
225 (6.7)
172 (5.1)

2686 (79.5)

1599 (47.3)
2342 (69.5)
872 (25.7)
2092 (61.5)

2814 (82.5)
657 (19.3)

246 (7.3)

970(29.3)
1437 (43.7)
750 (23.2)
2892 (85.0)
2836 (83.4)
2750 (80.9)

68 (2.2)
2571 (81.7)
430 (13.7)

76 (24)
1104 (32.6)

2013 (59.2)
07 (91.4)

2985 (87.8)
2283 (67.0)
85 (34.8)

07 (32.5)

2560 (75.0)
3103 (0.9)
1742 (51.5)

1667 (48.9)

Weekly
4093
1710 (41.8)

666 (16.7)
2031 (50.9)
1297 (32.5)

3574 (88.4)
281 (7.0)
186 (4.6)
3202 (79.5)

2021 (49.9)
2738 (67.8)
1784 (43.9)

62(77.7)

499

3587 (87.6)
1303 (31.8)

692 (17.2)

45(1.2)
3011 (794)
614 (16.2)

123(3.2)
1329 (32.9)

2068 (50.7)
3698 (91.0)
3392 (83.5)
2267 (55.8)
1302 (31.9)
1134 (27.8)

2909 (71.0)
3533 (86.3)
1996 (49.3)
1988 (48.6)

Every day
718
193 (26.9)

137 (19.9)
372 (54.1)
178 (25.9)

591 (84.7)
46 (6.6)
61(8.7)

529 (77.2)

418 (60.0)
490 (70.4)
366 (52.1)
563 (78.9)

558 (77.7)
314 (43.7)

230(32.5)

327 (50.3)
394 (60.9)
331 (52.5)
562 (78.9)
559 (79.1)
590 (83.6)
13 (2.1)
466 (74.4)
116 (18.5)
31(5.0)
200 (28.6)

281 (3
8
73.
296 (41.
244 (34.

9.
7.
200 (28.

(39.7)
6(87.4)
7(73.0)
(41.9)
(34.2)
(28.1)

432 (60.2)
488 (68.0)
330 (46.9)
385 (53.6)

p-value

<0.001
<0.001

<0.001

<0.001

<0.001
<0.001
<0.001
<0.001

<0.001
<0.001

<0.001

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

<0.001

<0.001

<0.001

0.004
<0.001
<0.001
<0.001
<0.001

<0.001
<0.001
<0.001
<0.001
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Figure 1

Alcohol consumption clusters of 15-year-old adolescents. Predicted prior probabilities of latent class membership based on the
self-reported alcohol use of Italian adolescents involved in HBSC (with answer ranging from 1 -never to 5 -every day).

drinkers (students who refer to drink rarely or monthly);
finally, the third cluster (grey line) comprised adoles-
cents who do not drink or rarely drink alcohol.

According to the class-conditional probabilities es-
timated by the LRC model, the first cluster of heavy
drinkers corresponds to the 21% of the sample. Adoles-
cents who reported to drink everyday have a member-
ship probability of about 89%; for those who reported to
drink weekly but not every day it was 74% and for occa-
sionally (monthly) drinkers 51%. The membership prob-
ability of those who reported to not drink was only 5%,
while it was 25% for those who reported to drink rarely.

The second cluster (moderate) comprised adoles-
cents who reported to drink rarely (66% of membership
probability to the cluster) or monthly (48% of member-
ship probability to the cluster) as well as non-drinkers
(43% of membership probability to the cluster), and
represents about the 41% of the sample.

Finally, the third cluster grouped mainly non-drink-
ers (50% of membership probability) and occasion-
ally drinkers (9% of membership probability), who are
about the 38% of the sample.

An indicator of the goodness of fit of the LCR models
is the congruence between the estimated class popula-
tion shares and the model predicted class membership.
Estimated class population shares are 21%, 41% and
38% for cluster 1, cluster 2 and cluster 3 respectively,
whereas model predicted class memberships are 20%,
40% and 40%, for cluster 1, cluster 2 and cluster 3, re-
spectively.

Based on the assumption that adolescents with simi-
lar responses tend to cluster within the same risk pro-
file, the class-conditional response probabilities of other
self-reported risk behaviours were examined to obtain a
risk profile of alcohol drinkers.

Figure 2 shows the profile of 15-year-old adolescents
according to their propensity to consume alcohol.

As analyses showed similar profiles for boys and girls,
the results are presented without stratifying by gender.

Adolescents who report heavy alcohol consumption
(alcohol abuse profile) show higher prevalence of life-
time drunkenness (76%) compared to peer that drink
less frequently (8%); they tend to have friends that drink
alcohol as well, and experience weekly drunkenness
(41% vs 12% among adolescents that do not drink).

Among moderate drinker adolescents (moderate pro-
file), 83% reported to have friends who drink and 51%
reported to have experienced binge drinking in the past
12 months. Similarly to adolescents who abuse alco-
hol, 47% of them experienced gambling (against 52%
among teens who abuse alcohol). However, differently
from adolescents who abuse alcohol, only 19% experi-
enced cannabis use (against 68%) and a higher percent-
age reported to like school (61% against 45%).

Finally, among teens who do not drink or drink rarely
alcohol (no Alcohol profile), only 52% reported to have
friends who make use of alcohol, and 74% noticed to
like school. None of them experienced drunkenness
nor smoking every day in the last 30 days, and only 2%
make binge drinking and cannabis use. Other risk be-
haviours are considerably lower: 14% reported fights
and only 6% had sexual intercourse against 51% among
heavy alcohol consumers for both items.

DISCUSSION

Adolescence is a transitional phase of life particularly
susceptible to transgressions and risk-taking impulses,
like smoking, cannabis use and harmful drinking [9,
35].Moreover, the evidence about the co-occurrence of
risk behaviours among adolescents may have important
implications for the design of intervention programs
and the most promising approaches for reducing risk
behaviours are those that simultaneously address sev-
eral domains of risk and protective factors [23, 24].

To depict these aspects of adolescent health, we
searched for the behavioural patterns that characterize
different levels of alcohol consumption and drew up a
profile of Italian teens who use and abuse alcohol.

Confirming previous findings that adolescents exhibit
multiple health risk behaviours that tend to cluster in
behavioural patterns [21-27], we have identified a clus-
ter of about 21% of 15-year-old adolescents who abuse
alcohol and show higher rates of other risk behaviours
such as cannabis use, gambling experience, fights with
peers, heavy smoking habits in addition to a more nega-
tive school approach with respect to peers with a more
moderate alcohol use or adolescents who do not drink
or drink rarely.

Other aspects that the literature recognized as pro-
tective for alcohol use and abuse [28, 29], like living in
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Figure 2

Profiles of 15-year-old adolescents who abuse alcohol, who are moderate drinkers and adolescents who do not drink or rarely

drink alcohol.

intact families and having good relations with parents,
did not turn out to be distinctive features of the behav-
ioural pattern of teens in Italy. Conversely, in line with
literature results, the role of peers showed a significant
association with alcohol abuse, confirming that in this
phase of life the influence of friends increases and be-
comes greater than that of parents [28, 36].

Alcobol use and abuse: Italian HBSC results 2018
vs International HBSC results 2018

Data about alcohol consumption obtained from Ital-
ian HBSC 2018 study were compared to those from the
International HBSC 2018, which involved 45 countries
(including Italy).

Data from the last international survey [5] confirm
alcohol as the most commonly used substance by
15-year-olds, despite the decline of lifetime use since
2014: almost 3 in 5 have drunk alcohol in their lifetime,
with a higher prevalence among boys, especially among
younger adolescents. 1 in 5 15-year-olds had been
drunk twice or more in their lifetime and almost 1 in 7
(15%) had been drunk in the last 30 days; drunkenness
remains higher among boys than girls in all age groups
and in almost all HBSC countries [5], even though
an increase in alcohol use among adolescent girls was
noticed in some countries [1], confirming the gender
convergence of the last decade highlighted in previous
studies [9].

Italy ranked among the HBSC countries with the
highest prevalence of regular alcohol consumption (7°

and 15° place for boys and girls, respectively, who re-
ported having ever drunk alcohol in their lifetime; 4°
and 13° place for having drunk alcohol in the last 30
days). Conversely, our country was in the second half
of the international ranking for drunkenness for both
genders (27° place for 15-year-olds who declare having
been drunk at least twice in their lifetime and 26° place
for having been drunk in the last 30 days).

Further research is needed to better understand the
long-term impact of interventions with proven positive
short-term effects and to improve the evidence of effec-
tiveness of interventions addressing multiple risk-taking
behaviours. In a public health perspective, the evidence
of strong similarities between countries in the clustering
of adolescent risk behaviours suggests to European and
North American countries to collaborate in develop-
ing and implementing programs aimed at preventing or
reducing adolescent risk behaviours [2]. Furthermore,
interventions and policies focused on adolescent health
should consider the presence of vulnerability in some
young people evaluating differences and possible in-
equalities among them.

STRENGHTS AND LIMITATIONS

The main strength of this study was the use of a large
and representative Italian sample that allowed to draw a
profile of teens who drink and abuse alcohol.

To do that, we used a Bayesian approach to select
variables for clustering adolescents into risk profiles,
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which has proven advantageous in the analysis of highly
correlated information.

Unfortunately, as details are lacking about some risk
behaviours among younger students, we had to limit
our analyses to 15-year-olds.

The HBSC methodology strengths and limitations
were described in Appendix 1 of the paper by Nardone
et al., published in this issue of Annali dell'Istituto Supe-
riore di Sanita.

CONCLUSIONS

Our findings highlighted that 1 in 5 Italian adoles-
cents aged 15 years are heavy alcohol consumers and
confirmed previous findings that risk-taking behaviours
tend to cluster in behavioural patterns. In fact, the same
adolescents that showed alcohol abuse, experienced
other risk behaviours such as cannabis use, binge drink-
ing, drunkenness, heavy smoking, gambling, sexual in-
tercourse and fighting more frequently that their peers
with a more moderate alcohol consumption.

This should be considered when designing and im-
plementing programs to reduce risk behaviours among
adolescents.
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We are used to the term “post-truth” when it comes
to politics where the debate is often disconnected from
facts and largely affected by appeals to emotion. In this
book we understand how much the political culture of
“alternative facts” and “fake news” has contaminated
the nature of science, particularly the field of environ-
mental science where science and expertise are increas-
ingly under attack. Environmental justice (EJ), born in
the 1980s, is one of the answers to this cultural trend.
EJ is meant to guarantee to everyone “the same de-
gree of protection from environmental and health haz-
ards, and equal access to the decision-making process
to have a healthy environment in which to live, learn,
and work” (https://www.epa.gov/environmentaljustice).
From the reading of this book we learn that indeed E]J
themes were evoked from hundreds of years prior. The
Editors provide as an example the yellow fever epidem-
ic of the late nineteenth century that killed thousands of
people in Philadelphia. While White people fled the city
en masse, the Black people were organized to keep the
city functioning. Fewer Black people than White people
were dying because Black people had a greater immu-
nity to the disease but people misunderstood how the
disease was transmitted and spread rumors that Black
people caused the epidemic. In 1973 Absalom Jones
and Richard Allen - leaders of the Free African Society
that was founded only six years earlier — wrote a docu-
ment responding to the charges: this is considered the
first document of EJ.

The chapters of this book address the three versions
of EJ: distributive, procedural, and capabilities. The first
type, distributive, is concerned with the geographic
distribution of goods and/or burdens among groups of
individuals of environmental hazards in relation to mar-
ginalized communities. The second type, procedural,
is centered around the “meaningful involvement of all
people regardless of race, colour, national origin or in-
come with respect to the development, implementation
and enforcement of environmental laws, regulations

and policies.” (Bullard and Johnson, 2000, Journal of So-
cial Issues, 56(3), 555-578). The third version of justice
is concentrated on capabilities, i.e. an approach that is
meant to ensure the well-being of a population, where
“justice is not about achieving an appropriate distribu-
tion of things between people, but rather about people
being able to live lives that they consider worthwhile”
(Edwards et al. 2016, Progress in Human Geography,
40(6), 754-769). The topics of citizen science with its
pros and cons is widely analysed in this book that inter-
rogates several ways that local communities, residents,
and activists engage within EJ struggles.

The book is structured in four interconnected sec-
tions.

Part I, “Environmental Justice and Participatory
Citizen Science”, presents case studies of participatory
EJ research. Among these I would like to mention the
one concerning contamination by per- and polyfluori-
nated compounds (PFAS) by Phil Brown and cowork-
ers (Chapter 1). PFAS contamination of drinking-water
has been a relevant environmental and health problem
in United States as well as in Italy in the Veneto Re-
gion. The Authors explore the important intercon-
nections between scientific discovery, environmental
justice activism, and the political, social, and economic
components. They present as an example of success
the Superfund Research Program Center established
in 2017 at the University of Rhode Island that brings
together scientists from various universities with com-
munities on Cape Cod in a multi-project center with
a strong community engagement core. The main goal
of this Program is to learn more about the human and
environmental impact of PFAS contamination, pushing
for political action and disseminate lessons learned to
help avoiding similar contamination problems in the
future. Overall, this chapter as well as the others con-
tained in Part I emphasize that, by remaining the need
for a science-based approach, citizen science can con-
tribute to change.

Part II, “Sensing and Witnessing Injustice”, show
how you can contribute making pollution visible with-
out the aid of scientific knowledge and devices. Alter-
native tools of understanding pollution are presented.
Examples are the Ecaudorian “toxic tours” (Chapter 5)
where the observation of contaminated soil cores using
an auger is a means of “sensing” injustice and the repre-
sentation of pollution by e-waste in Ghana (Chapter 6)
through participatory photography.

Part III, “Political Strategies for Seeking Environ-
mental Justice”, provides examples of citizen science
projects and environmental inequalities that by mobiliz-
ing and politicizing communities can achieve EJ. Cases
are presented that span from the tactics of “soft con-
frontation” against industrial pollution in China (Chap-
ter 10) to utilizing top-down national data in Italy to



achieve E] (Chapter 9). In particular, Chapter 9 is the
contribution by Roberto Pasetto and Ivano Iavarone
from the Department of Environment and Health of
our Institute. With a focus on polluted sites in Italy they
use an epidemiological surveillance approach to show
how communities that are overburdened by the health
impacts of environmentally hazardous industry are of-
ten also socially deprived.

Finally, part IV, “Expanding Citizen Science,” ex-
plores the possibilities as well as limitations of citizen
science for achieving EJ. To this regard I would like to
mention the last chapter of this book by Nicolas Shap-
iro and coworkers (Chapter 14) who suggest that citi-
zen scientists should look beyond the creation of expo-
sure/toxicity data to combat pollution and concentrate
on what they call “extra-numerical evidentiary projects”
that are more centered on social and political change.
In this last part we go back to the important question
raised by Barbara Allen at the beginning of the book
(Chapter 2) “What kind of science can serve as ‘change-
agent’ knowledge — what are the ingredients that can
facilitate action?”. If you want to know the opinion of
excellent scientists on this matter I encourage you to

read this book.

Eugenia Dogliotti
Istituto Superiore di Sanita, Rome, Italy
eugenia.dogliotti@iss. it
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Animal welfare issues are approached very differently
among scientists. In particular, the composite universe
of biomedical scientists, dealing more or less directly
with animal behaviour, enlists very different profession-
als; often, e.g., neurophysiologists are much less sensi-
tive to welfare than their colleagues more focused on
subtle behavioural variables, including ethologists and
zoologists carrying out extensive field work. Therefore,
the very diverse research topics reflect as much diverse
human and humane attitudes. This also includes the “in-
evitable bond”, which enchains single scientists to their
animal subjects [1]. It may also be a question of age. In

fact, since a couple of decades, we are facing a progres-
sively increasing level of awareness and susceptibility in
the new generations (veterinary medicine seems espe-
cially attractive for undergraduates). For contemporary
students, the psychophysical welfare of their animal sub-
jects is becoming more and more a delicate issue, requir-
ing novel skills and in many cases affecting experimental
designs and settings. In parallel, and correlated to this,
there is an ongoing change in the way the individual sci-
entist empathizes with animal subjects. Some more “ego-
istic” component may play a role as well. In fact, “good
welfare” is often reflected in the collection of better and
sounder results, easy to replicate, since of course stressed
or unhealthy subjects do not provide state-of-the-art be-
havioural and physiological results. As a consequence,
welfare assessment is an important factor concerning
data quality.

“Higher” vertebrates definitely include the most em-
pathic animal species: dogs, cats and non-human pri-
mates which have a long and sometimes intricate history
of “special protection”, with specific guidelines. By con-
trast, “lower level” taxonomic groups have been some-
how relegated to a level of non-problematic experimental
concern. A kind of new era arose about thirty years ago.
The European legislation on animal experimentation fol-
lowed a precise trajectory. For many years (since 1993),
the United Kingdom regulation put the octopus (Octo-
pus vulgaris, belonging to Cephalopods, an evolutionarily
very peculiar marine invertebrate taxon including also
cuttlefish and squids) at about the same level of the ver-
tebrate classes, the latter including since 1986 a strict
general European legislation. The Canadian Council of
Animal Care already mentioned Cephalopods in 1991,
New Zealand in 1999, the Australian new regulation in
2004 [2].

In the last legislative revision [3] a major regulatory
step occurred: all Cephalopod Molluscs became ope le-
gis similar to vertebrates being eventually recognized as
sentient species (similarly, the term “sentient” found a
philosophical definition in St. Augustine’s writings Con-
fessions, a masterpiece of theological and epistemologi-
cal thoughts) reviewing the matter of animal suffering in
comparison with human suffering, an issue dating from
Plato at least. Therefore, not only octopuses, but also
cuttlefish and squids were assimilated to protected verte-
brates and this prompted novel studies such as the recent
curiosity to examine individual variability in stereotyped
predatory behaviour of cuttlefish (Sepia officinalis) under
laboratory conditions [4].

But what about all other invertebrates? In the Editors’
words: “Invertebrates, like all the other animals, are an
essential part of our lives. We eat them, we study them,
and some of us keep them as “pets,” for example, taran-
tulas and other spiders”. In other words, not only they
constitute about 99% of animal species, but they are also
tremendously (and increasingly) exploited by humans,
including research.

The present book focuses specifically on invertebrate
psychophysical welfare. The starting question is “Why in-
vertebrate welfare?” (chapter 1, signed by the co-editors
themselves), summarizing the texture and the rationale
of the book, its possibly hidden zoo-anthropological vo-
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cation, while outlining its logical structure, contents and
primary and secondary goals. This, in our view, is a true
novelty for animal welfare science and community.

The Italian National Institute of Health (Istituto Su-
periore di Sanita, ISS) scientist Augusto Vitale and phi-
losopher Simone Pollo (Rome University “Sapienza”)
contributed to the writing of the second chapter, entitled
“Invertebrates and humans: science, ethics and policy”.
It provides a vivid reflection on the moral status of inver-
tebrates, their rather peculiar “sentience” and the philo-
sophical weapons to critically argue whether adequate
protection to these animals is actually deserved.

The formulation of the next insect welfare chapter is
entrusted to entomologists Michael Boppre and Richard
[. Vane-Wright. In particular, in chapter 3, they attempt
to solve the dilemmas due to the increasingly wide-
spread practice to keep insects in captivity, considering
the huge variety of species and the still poor knowledge
about their commercial breeding. Moreover, in the last
years the proposal to exploit protein food of insect origin
gained global attention due to the exploding increase of
human population and associated food needs. The fol-
lowing chapter “Welfare of managed honey bees”, by
Claudia Garrido and Antonio Nanetti, is focused on the
management of honey bee colonies with particular re-
gard to their ecological “superpowers” and the relation-
ship between honeybees and agriculture.

Chapters 5 and 6, “Spider welfare” and “Coral and cni-
darian welfare in a changing sea”, cover very original, rel-
evant and timely issues, representing vivid and creative
points for discussion for animal behaviourists. Economic
and marketing stakeholders may well represent counter-
parts endowed by divergent feelings. Importantly, the
former chapter bridges animal welfare with conservation
and global-change biology, a link that is not yet fully re-
alised by both students of animal welfare and biodiversity
management and conservation, despite being a real need
for the environmental challenges of the new millennium.

In chapter 7 Robert W. Elwood’s contribution is struc-
tured in a detailed analysis regarding the physiological
and behavioural responses to pain in crustaceans, nicely
updating with the most recent results an issue that was
previously brought to attention in this same journal An-
nali dell'Istituto Superiore di Sanita [5]. The mass of sci-
entific evidence supports the active discussion about the
need for some kind of special protection for crustacean
Decapods since the last European Directive. This was,
we believe, mostly due to the raising public awareness in
relation to the use of lobsters, for example, as food. For
a more strictly scientific point of view, it is a chapter full
of comparative references among vertebrates, including
humans. In fact, most of the emerging trends, i.e. the en-
hanced sensitivity of the general public, are also reflected
in the way scientists performing animal experiments are
evolving from the use of a variety of rodent models to-
wards zebrafish or invertebrate models.

The chapters 8 and 9 are signed by both volume co-ed-
itor Jennifer Mather (Canada), a pioneer in Cephalopod
behaviour and welfare, and a team partly belonging to
the Stazione Zoologica “Anton Dohrn” in Naples, Italy,
where most of the extraordinary behavioural and neural
complexities of Cephalopods have been described even

in past times. Specifically, the authors debated regarding
the consciousness of Cephalopods, emphasizing their
cognitive abilities and the regulatory aspects around is-
sues linked to their welfare.

The authors conclude the book by expressing in the
last chapter the need to focus attention on the individual
personality for the provisions of animal welfare, which
might appear weird for a butterfly or an earthworm. Yet,
recent evidence shows that even ants may possess indi-
vidual personalities, i.e. consistent clusters of behavioural
traits shaped by genetic and epigenetic factors. This pre-
viously overlooked inter-individual variation is a topic at
the frontiers of behavioural biology and stress physiol-
ogy, including implications in translational medicine [6]
because different personalities might react differently to
experimental treatments and/or captive conditions and
handling-even in an invertebrate. Therefore, tailoring
welfare care and actions to the individual, rather than to
the species-specific needs only, is a crucial refinement.

In some readers this book will provoke some skepti-
cism, while triggering variable doses of cultural antibod-
ies, e.g. raising the criticism that any ameliorative effort
in the maintenance of experimental animals will inevita-
bly result in higher costs, therefore making even inver-
tebrate research less affordable. Nevertheless, still far
from representing an exhaustive manual, this precisely-
focussed compilation of essays represents the first useful
and accurate outline on why and how the welfare and
care management of invertebrates should be taken into
consideration.

It is worth mentioning, since the present book review
is published in this institutional journal, that the ISS
played a major and pivotal role in governing the prob-
lem of animal experimentation in Italy. This Institute was
historically committed in both promoting the 3R culture
and in providing, since 1992, expert opinions to approve
single scientific and/or industrial projects exploiting ani-
mal subjects. ISS veterinarian and animal experimenta-
tion expert Rodolfo Lorenzini, a lifelong supervisor of
Italian activities carried out on vertebrates, reports in his
accurate review [7] the history of the implementation of
the European regulations at the national level, with the
progressive steps in which ISS always played a pivotal
role. Even the translation into Italian of the 1986 Eu-
ropean Directive [8] was sketched by one of us (EA),
despite its rather delayed implementation, six years later.
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ORGANIZATION OF THE UNITED
NATIONS (FAO)

The State of Food Security and Nutrition in the
World 2020. Transforming food systems for afford-
able healthy diets. Rome: Food and Agriculture Or-
ganization of the United Nations. 2020; 320 p. ISBN
9789251329016. The number of people affected by
hunger globally has been rising since 2014. This report
complements the usual assessment of food security and
nutrition with projections of what the world may look
like in 2030, if trends of the last decade continue. Pro-
jections show that the world is not on track to achieve
Zero Hunger by 2030 and, despite some progress, most
indicators are also not on track to meet global nutri-
tion targets. The food security and nutritional status of
the most vulnerable population groups is likely to de-
teriorate further due to the health and socio-economic
impacts of the COVID-19 pandemic. This report also
introduces new analysis of the cost and affordability of
healthy diets around the world, by region and in dif-
ferent development contexts. It presents valuations of
the health and climate-change costs associated with
current food consumption patterns, as well as the po-
tential cost savings if food consumption patterns were
to shift towards healthy diets that include sustainability
considerations. This report then concludes with a dis-
cussion of the policies and strategies to transform food
systems to ensure affordable healthy diets, as part of
the required efforts to end both hunger and all forms
of malnutrition.

OECD-FAO Agricultural Outlook 2020-2029.
Rome: Food and Agriculture Organization of the Unit-
ed Nations. 2020; 330 p. ISBN 9789251325391. The
OECD-FAO Agricultural Outlook presents a consistent
baseline scenario for the evolution of agricultural and
fish commodity markets at national, regional and global
levels over the coming decade (2020-2029). This Out-
look thus focuses on the medium term, complementing
both short-term market monitoring, outlook publica-
tions, and long-term projections. This current edition of
the Outlook was being finalised under the unique cir-
cumstances generated by the COVID-19 pandemic. As
the full impact of the pandemic on agricultural and fish
markets remain uncertain, at least in quantitative terms,
they were not incorporated into the baseline projec-
tions. The Outlook projections are inevitably uncertain
because they extend ten years into the future and are
based on assumptions regarding economic and policy
conditions. These uncertainties are discussed in detail at

the end of each of the commodity chapters.

Global Forest Resources Assessment (FRA)
2020. Main report. Rome: Food and Agriculture Or-
ganization of the United Nations. 2020; 184 p. ISBN
9789251329740. Since the first assessment in 1948, the
report has evolved into a comprehensive evaluation of
forest resources and their condition, management and
uses, covering all the thematic elements of sustainable
forest management. This report examines the status of,
and trends in, more than 60 forest-related variables in
236 countries and territories in the period 1990-2020.
The information provided by FRA presents a compre-
hensive view of the world’s forests and the ways in which
the resource is changing. Such a clear global picture
supports the development of sound policies, practices
and investments affecting forests and forestry. One of
the key findings in this edition is that while deforesta-
tion continues, it has been reduced in the last five years.

Exposure of humans or animals to SARS-CoV-2
from wild, livestock, companion and aquatic ani-
mals. Qualitative exposure assessment. FAO animal
production and health papers series. Rome: Food and
Agriculture Organization of the United Nations. 2020;
81 p. ISBN 9789251330081 This assessment looks into
risks, current knowledge gaps, evidence for susceptibil-
ity of different animal species to SARS-CoV-2, species
prioritization for further research, and recommenda-
tions for targeted One Health investigations. Under-
standing the risk of exposure of humans or animals to
SARS-CoV-2 from animals and their products is essen-
tial for containing virus spread, prioritizing research,
protecting food systems, and informing national One
Health investigations and mitigation measures. Results
can inform country-level risk assessment and provide
the evidence base for targeted SARS-CoV-2 investiga-
tions in animals and mitigation options. In detail, this
publication provides an assessment of the risk of human
or animal exposure to SARS-CoV-2 through contact
with, handling or consumption of wild, domestic and
aquatic animal species or their products; the identifica-
tion of current knowledge gaps regarding the zoonotic
origin or animal-human spill over of SARS-CoV-2 and
recommendations on priority studies; a summary of
available evidence for SARS-CoV-2 susceptibility of
different animal species; evidence-based recommenda-
tions on how to prioritize animal species for targeted
field investigations or research studies; and recommen-
dations for targeted One Health investigations and epi-
demiological, laboratory, anthropological or seasonality
studies to fill critical knowledge gaps evidenced by this
exposure assessment.



ISC (INTERNATIONAL SCIENCE
COUNCIL)

Open Science for the 21st Century. Draft [ISC Work-
ing Paper. Paris: International Science Council (ISC).
2020; 30 p. This document is a response to the UN-
ESCO global consultation on open science. It brings
together strands of work that have developed within the
International Science Council's (ISC) community to
create a draft working paper that will be further devel-
oped through consultation with the Council’'s members
as a formal ISC position paper on open science. The
paper describes the rationale for and the origins of the
modern open science movement, its dimensions and
its applications. It makes recommendations to scien-
tists, to universities, to UNESCO and to other science
systems stakeholders about changes that are necessary
for the effective operation of open science. The paper
includes, at the end of relevant sections, an indication
of ISC projects and programmes that are designed to
support aspects of open science. The appendix includes
answers to specific questions posed by UNESCO for
which the detailed arguments are presented in the main
text.

Hazard definition & classification review. Techni-
cal Report. Paris: International Science Council (ISC).
2020; 88 p. This report is the result of an international
collaborative effort between the UN Office for Disaster
Risk Reduction (UNDRR) and the International Sci-
ence Council (ISC) to identify the full scope of haz-
ards relevant to the Sendai Framework as a basis for
countries to review and strengthen their risk reduction
policies and operational risk management practices.
The Sendai Framework for Disaster Risk Reduction
2015-2030 (‘the Sendai Framework’) was one of three
landmark agreements adopted by the United Nations
in 2015. The other two being the Sustainable Develop-
ment Goals of Agenda 2030 and the Paris Agreement
on Climate Change. This Technical Report supports all
three by providing a common set of hazard definitions
for monitoring and reviewing implementation which
calls for “a data revolution, rigorous accountability
mechanisms and renewed global partnerships”.

EUROPEAN FOOD SAFETY AUTHORITY
(EFSA)

EFSA Panel on Nutrition, Novel Foods and Food
Allergens (NDA). Safety of Schizochytrium sp.
oil as a novel food pursuant to Regulation (EU)
2015/2283 EFSA Journal. 2020;18(10):€06242 doi:
10.2903/j.efsa.2020.6242. Following a request from the
European Commission, the EFSA Panel on Nutrition,
Novel Foods and Food Allergens (NDA) was asked to
deliver an opinion on the safety of Schizochytrium sp.
oil as a novel food (NF) pursuant to Regulation (EU)
2015/2283. Schizochytrium sp. is a single-cell micro-
alga. The strain WZU477, used by the applicant (Pro-
gress Biotech bv), was found to belong to the species
Schizochytrium limacinum and was obtained in a ma-

rine environment from rotted mangrove forest leaves.
The NF, an oil rich in docosahexaenoic acid (DHA), is
isolated from the microalgae by mechanical extraction.
The applicant proposed to use the NF in infant formu-
lae (IF) and follow-on formulae (FOF). The use level
defined by the applicant was derived from Regulation
(EU) 2016/127, which states the mandatory addition of
DHA to IF and FOF at the level of 20-50 mg/100 kcal.
The intake of DHA resulting from the use of the NF in
IF and FOF is not expected to pose safety concerns.
The composition of the NF indicates the absence of
marine biotoxins in the NF. Furthermore, Schizochytri-
um limacinum was attributed the qualified presump-
tion of safety (QPS) status with the qualification ‘for
production purposes only’. Based on the information
provided, the microalga is not expected to survive the
manufacturing process. Toxicological tests conducted
with the NF were not performed. However, based on
the available toxicological data on various forms of oils
derived from Schizochytrium sp., the QPS status of the
source of the NF, the production process and the com-
position of the NF, the Panel considers there are no
concerns with regard to toxicity of the NF. The Panel
concludes that the NF is safe under the proposed con-
ditions of use.

EFSA Panel on Nutrition, Novel Foods and Food Al-
lergens (NDA). Safety of chia seeds (Salvia his-
panica L.) subject to thermal processing in rela-
tion to the formation of process contaminants
as a novel food for extended uses EFSA Journal.
2020;18(9):€06243 doi: 10.2903/j.efsa.2020.6243. Fol-
lowing a request from the European Commission, the
EFSA Panel on Nutrition, Novel Foods and Food Al-
lergens (NDA) was asked to deliver an opinion on the
safety of chia seeds in foods subject to thermal pro-
cessing which may result in the formation of process
contaminants. The safety assessment of this novel food
(NF) is based on previous assessments of chia seeds
by the EFSA NDA Panel, information received from a
public call for data by EFSA and information retrieved
from an extensive literature search performed by EFSA.
In 2019, during the overall safety assessment of chia
seeds, the NDA panel retrieved one reference which,
among others, investigated the formation of process
contaminants, i.e. acrylamide, hydroxymethylfurfural
and furfural, in wheat flour-based biscuits with added
chia seeds flour. Based on this study, the Panel consid-
ers that there is a potential for substantial acrylamide
formation in biscuits with 10-20% added chia seeds
flour with low residual moisture contents (<2%). The
Panel is not aware of further scientific evidence cor-
roborating these findings. The extensive new literature
searches performed by EFSA did not show any relevant
articles regarding either asparagine content or forma-
tion of process contaminants in chia seeds and prod-
ucts thereof. Information received from the call for data
were either limited or inconclusive. The available evi-
dence does not provide a basis to conclude whether or
not the addition of chia seeds to foods undergoing heat
treatment (at temperatures above 120°C) results in in-
creased formation of acrylamide as compared to these
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foods without chia seeds. Reported concentrations of
hydroxymethylfurfural and furfural in heat-treated chia
seeds do not pose a safety concern. No information on
other process contaminants in chia seeds was found.

UNEP (UNITED NATIONS
ENVIRONMENTAL PROGRAMME)

Frontiers 2018/19. Emerging issues of environ-
mental concern. Nairobi: United Nations Environ-
mental Programme. 2019; 80 p. This report series
identifies and provides an insight into a broad range of
emerging environmental issues that require attention
and action from governments, stakeholders, decision
makers as well as the public as large. Frontiers 2018/19,
launched on 4 March 2019 prior to the fourth UN En-
vironment Assembly in Nairobi, Kenya, covers five key
emerging issues: the latest developments in synthetic
biology, the critical advantages of landscape connectiv-
ity, the complex interactions and vulnerability of perma-
frost peatlands, the challenges of widespread nitrogen
pollution, and the hazards of maladaptation in a world
of climate change.

WORLD HEALTH ORGANIZATION (WHO)

The double burden of malnutrition: priority ac-
tions on ending childhood obesity. Geneva: World
Health Organization. 2020; 115 p. ISBN: 978-92-9022-
789-2. Despite the rising prevalence of overweight and
obesity in children, responses in addressing the problem
range are inadequate in many countries in WHO South
-East Asia Region where undernutrition is common. In
these settings, prevention of childhood obesity is not
a priority despite the clear links between undernutri-
tion and overweight and obesity and an ever increasing
burden of noncommunicable disease. This technical re-
port provides regional and country data on the double
burden of malnutrition, and particularly on childhood
overweight and obesity, highlights the need for an in-
tegrated approach to address overweight and obesity
through integration into existing programmes while
supporting the improvement of food environments.
This report highlights the value of applying WHO-rec-
ommended double-duty actions. In line with the dou-
ble-duty approach, countries should develop common
programme packages for obesity and overweight that
can be integrated into programmes that currently focus
on undernutrition and micronutrient deficiencies. Spe-
cial efforts should be made to include overweight and
obesity considerations in the provision of quality mater-

nal and antenatal care and diets; support breastfeeding
and ensure optimum complementary feeding for young
children; and promote healthy diets in older children
and adolescents, along with adequate physical activity
across all age groups.

Managing the COVID-19 infodemic. A call for
action. Geneva: World Health Organization. 2020; 43
p. ISBN: 9789240010314. This report highlights the
public impact of the “infodemic” or overabundance of
information — some accurate, some not — that is spread-
ing alongside the COVID-19 pandemic. Around the
world, this overabundance of information confuses
people about what actions to take to protect themselves
and those around them from disease outbreak. This
Report arises from a workshop hold in April, in which
the WHO convened with over 1300 field experts to de-
velop guidance to help individuals, community leaders,
governments and private sector understand what 50
key actions they can take to manage the COVID-19
infodemic.

Global tuberculosis report 2020. Geneva: World
Health Organization. 2020; 232 p. ISBN 978-92-4-
001313-1 (electronic version) ISBN 978-92-4-001314-8
(print version). The World Health Organization (WHO)
has published a global tuberculosis (TB) report every
year since 1997 with the purpose of providing a compre-
hensive and up-to-date assessment of the TB epidemic
in order to progress in the response to the epidemic, at
global, regional, and country levels. The 2020 global TB
report showcases the progress made towards ending the
TB epidemic, and puts in stark perspective the current
and potential impact of the COVID-19 pandemic, in
eroding the hard-won gains of recent years. In recogni-
tion of the enormous health, social and economic im-
pacts of the COVID-19 pandemic, the report includes a
provisional assessment of how the pandemic will affect
the TB epidemic, people with TB and progress towards
global TB targets. In 2020, data were reported by 198
countries and territories that accounted for more than
99% of the world’s population and estimated number
of TB cases. Globally, the annual number of people re-
ported to have accessed TB treatment has grown from
about 6 million in 2015, to 7 million in 2018 and 7.1 mil-
lion in 2019. Access to TB preventive treatment has also
increased, from 1 million in 2015, to 2.2 million in 2018
and 4.1 million in 2019. More positively, the WHO Eu-
ropean Region has almost reached the 2020 milestone,
with a reduction of 19% in the TB incidence rate be-
tween 2015 and 2019, and the African Region has made
good progress, with a reduction of 16%.
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MANUSCRIPT SUBMISSION

Manuscripts should be submitted online to https:/annali.iss.it/.
The submission should include:

e cover letter where the authors declare that the manuscript
has not been published or submitted for publication elsewhere;
e manuscript;

o tables and figures;

e author’s contribution statement (individual contribution
to the manuscript);

e conflict of interest statement (a conflict of interest exists
when authors or their institutions have financial or personal
relationship with other people or organizations that could
inappropriately bias conduct and findings of the study);

e permission to reproduce figures, if appropriate.
Receipt of author’s paper will be acknowledged by an e-
mail containing an identification number which should be
used in future correspondence.

REVIEW PROCEDURE

Each paper submitted to Annali is subjected to the fol-
lowing procedures:

o it is reviewed by the Editor-in-Chief for general suitability;
e if it is judged suitable, qualified referees are selected and
a peer review process takes place;

e based on the recommendations of the referees and re-
plies of the authors, the Editor-in-Chief decides whether
the article should be accepted, modified or rejected;

e once the paper has been accepted, authors will receive
proofs from the editorial office, which should be correct-
ed and returned (usually within three working days).

MANUSCRIPT PRESENTATION

Please ensure that your manuscript follows these guide-
lines.

Manuscripts should be written in good English, as con-
cisely as possible to allow a clear understanding of the text.
The title should be followed by the complete name of the
authors, their affiliations — in the original language — town
and country. The name of the Working Group should ap-
pear at the end of the by-line; its composition should be
reported before the References, names and affiliations of
each member are required. The name and address, tele-
phone and e-mail of the corresponding author should also
be indicated. On the same page a running head of no more
than 40 characters (including spaces) should be included.
Original articles should normally be organized into differ-
ent sections (i.e.: Introduction, Materials and methods,

Results, Discussion, Conclusions). In the Methods sec-
tion a specific paragraph on the adopted statistical analy-
sis should necessarily be included.

Each article should be accompanied by:

e an abstract of about 150 words; the abstract should be
structured when required (such as in original articles);

e key words up to a maximum number of five (MeSH
headings, whenever possible. Refer to: www.nlm.nih.gov/
mesh/meshhome.html).

Tables and figures should be kept to a minimum and be
presented only if necessary.

Authors should deal responsibly and effectively with se-
curity issues that might be raised by their papers (see:
Statement on Scientific Publication and Security Science
2003;299:1149).

This journal has adopted the SAGER reporting Guide-
lines for Sex and Gender Equity in Research.

These guidelines apply to original research articles and re-
view papers. Authors should use the terms sex and gender
carefully in order to avoid confusing both terms. Where
subjects can also be differentiated by gender (shaped by
social and cultural circumstances), the research should be
conducted similarly at this additional level of distinction.
Where the subjects of research comprise organisms capa-
ble of differentiation by sex, the research should be de-
signed and conducted in a way that can reveal sex-related
differences in the results, even if these were not initially
expected.

Please consult the guidelines (https:/researchintegrity-
journal.biomedcentral.com/articles/10.1186/s41073-016-
0007-6).

Authors are also encouraged to use fair, accurate and
respectful language, but preferences can change and
vary across groups and individuals and can also evolve
overtime. The following guidelines may help in use of a
correct terminology in the area of HIV: https://www.cdc.
gov/stophivtogether/library/stop-hiv-stigma/fact-sheets/
cdc-Isht-stigma-factsheet-language-guide.pdf
https://www.hptn.org/resources/HIVLanguageGuide
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The name of the bioresource (and identifier, if available)
which provided samples/data useful for the conduct of
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To provide a text that meets the requirements of our pub-
lication:

e the letter to the Editor should be about 450 words; it
does not need an abstract;

o the editorial should be no longer than 1000 words; edito-
rials are submitted on invitation. Please contact the edito-
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o the commentary, 2000 words; the commentary is an
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o the brief note, 3000 words, including about 15 referenc-
es, one table and one figure;

e the article, 6000 words, including about 40 references,
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