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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% CIs 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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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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Figure 1 
Mortality from malignant mesothelioma. Annual trend of sex ratio (male standardized rate/female standardized rate), by age-
class. Period: 2003-2016.

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 5,317 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% CI: 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-C45.9 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-C45.9 1917 (14.2) 768 (14.4) 2685 (14.3)

Mesothelioma (all) C45 13511 (100) 5317 (100) 18828 (100)
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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 

North-West: Liguria, Lombardy, Piedmont, Aosta Valley.
North-East: Emilia Romagna, Friuli Venezia Giulia, 
    Trentino Alto Adige, Veneto.
Centre: Latium, Marche, Tuscany, Umbria.
South and Islands: Abruzzo, Basilicata, Calabria, Campania, 
    Molise, Apulia, Sardinia, Sicily.

0 1 2 3 4 5 6 7 8 9 10

North-West

North-Est

Centre

South and Islands

≤ 50 > 50 Overall

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. 

SMR <100 statistically not significant

SMR >100 statistically not significant

SMR >100 statistically 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. 

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 72.6 (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 42.9 (14.2-129.6)

Calabria 12 77.5 (48.4-124)

Sicily 35 89.4 (67.8-118)

Sardinia 5 35.8 (17.4-73.5)

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

Biancavilla

La Spezia

Torre annunziata

Genova

Alessandria

Casale Monferrato

Quattro Castella
Broni
Stradella

Monza

    

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 4 538.2 (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)

OBS: Observed Cases; SMR: Standardized Mortality Ratio; CI: Confidence 
Interval.

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. 
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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 vs 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 
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 

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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Figure 1 
Quadrant model of scientific research.
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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 

the academic and industrial worlds and needs a favour-
able administrative and political framework, whilst 
avoiding undue conflicts of interest: the primary objec-
tive must be the patient’s welfare. 

Therefore, in translational research, particularly strin-
gent ethical requirements must be adopted and ethics 
committees can play a crucial role in guaranteeing the 
welfare and rights of the individuals taking part in the 
research. 

The CoViD-19 pandemic has made it even more 
evident the importance of developing and making new 
medicines rapidly available. Moments of crisis are rare-
ly good moments to develop ethics. However, it is nec-
essary to question oneself on criteria and procedures, 
without derogating from the safety requirements for 
patients and rigor in the scientific method. An interna-
tional conference could be important to define shared 
criteria, also for the purpose of any regulatory adjust-
ments.
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Abstract
It is worldwide recognized that the use of pharmaceuticals for human and veterinary 
purposes could lead to unsustainable effects on the environment. A strategy to reduce 
the impact of pharmaceuticals on the environment has been recently established at Eu-
ropean level, where guidelines to evaluate the impacts of veterinary drugs used to treat 
animal diseases are in place. The aim of this article is to focus on the worldwide used an-
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 µg/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 faeces (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 LC50 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 EC50 5.7 ng/L
PNEC 0.0057 ng/L(acute)
PNEC 0.00003 ng/L (chronic)

0.1/7.2 (IR)
0.2/2.5 (P)
83/523 (P) ng/L

Oncorhynchus mykiss LC50 3.0 μg/L
PNEC 3.0 ng/L

0.1/7.2 (IR)
0.2/2.5 (P)
83/523 (P) ng/L

Dung Musca autumnalis EC50emerg.rate 4.65μg/kg
dung fresh wt

4.8/12.7 (P) mg/kg
dung fresh wt

Aphodius constans LC50 176 μg/kg
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, Ucán-Marín 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 Oncorhynchus mykiss a LC50 of 3.0 
μg/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 μg/L in adult Danios. While in the acute 
test a 96 hours LC50 was calculated with higher values, 
the behavioural patterns of the fish changed even at the 
lowest concentration of 0.25 μg/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 μg/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 µg/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 Vokřál et al. in 2019 [15] using a “seed germination 
and early roots growth” test with two different concen-
trations, 50 nM (0.044 μg mL-1) and 500 nM (0.44 μg/
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 μg/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 μg/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 
μg/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 μg/kg 
range of fresh dung, therefore, any terrestrial exposure 
should be minimized if possible.

Environmental fate and behaviour
When considering the impact upon ecosystems, the 

environmental fate of a drug like IVM should be taken 
into account. The log Kow of IVM of 3.2 [4] indicates 
bioaccumulation potential in organisms. Moreover, IVM 
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 (DT50) 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 
Koc 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 Caenorhabditis 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 

suggest a reduction (or elimination) in the use of this 
substance as veterinary drug considering the related 
high risk in particular for aquatic ecosystems. If the use 
will be authorised more stringent measures should be 
applied in order to reduce and/or mitigate the impact 
of IVM on the environment and its organisms. For this 
reason, IVM should be considered in the context of 
the EU Water Framework Directive monitoring pro-
grammes due to the lack of monitoring data in rivers 
and aquatic ecosystems. The monitoring data can also 
improve the knowledge on the role of the environment 
in the development of resistance in parasitic organism 
described in the brief note. In some cases, due to the 
IVM toxicity at very low levels, the use of effect-based 
methods can be also recommended in areas where the 
presence of IVM can be predicted in order to detect the 
real effects on the ecosystems. In conclusion, IVM is a 
pharmaceutical used worldwide for its properties for the 
treatment of several diseases in humans and animals, an 
example is the recent study mentioned in the introduc-
tion about the possible use against COVID-19; but for 
the achievement of SDGs the potential environmental 
effects of IVM described in this article cannot be ne-
glected. In particular, IVM as a very toxic, persistent 
and resistance building medical product with high use 
is maybe one of the most suitable candidates to be as-
sessed in a sustainability strategy. These considerations 
are also in line with the One Health and EcoHealth 
approaches that are recommended by several European 
and international institutions (FAO, WHO, EFSA). 
In these international frameworks, the environment is 
strictly linked to human and animal health and every 
medicinal use authorised, should be sustainable for the 
environment. Moreover, the main holistic target of this 
approach should be the overall protection of environ-
mental, animal, and human health.

Conflict of interest statement
There are no potential conflicts of interest or any fi-

nancial or personal relationships with other people or 
organizations that could inappropriately bias conduct 
and findings of this study.

Received on 25 May 2020.
Accepted on 28 October 2020.

REFERENCES

1. Mudgal S, De Toni A, Lockwood S, Salès K, Backhaus T, 
Sorensen BH. Study on the environmental risks of medic-
inal product. Final report. Executive Agency for Health 
and Consumers; 2013. 

2. European Medicines Agency. Revised guideline on en-
vironmental impact assessment for veterinary medicinal 
products in support of the VICH guidelines GL6 and 
GL38. London, UK: Committee for Medicinal Products 
for Veterinary Use (CVMP), EMEA; 2008. 

3. Omura S. Ivermectin: 25 years and still going strong. Int 
J Antimicrob Agric. 2008;31:91-8.

4. Liebig M, Fernandez ÁA, Blübaum-Gronau E, Boxall 
A, Brinke M, Carbonell G, Egeler H, Fenner K, Fernan-
dez C, Fink G, Garric J, Halling-Sørensen B, Knacker T, 

Krogh KA, Küster A, Löffler D, Cots M, Ángel P, Pope 
L, Prasse C, Römbke J, Rönnefahrt I, Schneider MK, 
Schweitzer N, Tarazona JV, Ternes TA, Traunspurger W, 
Wehrhan A, Duisy K. Environmental risk assessment of 
ivermectin: a case study. Integr Environ Assess Manag. 
2010;6:567-87.

5. Bai SH, Ogbourne SM. Eco-toxicological effects of the 
avermectin family with a focus on abamectin and iver-
mectin. Chemosphere. 2016;154:204-14.

6. Caly L, Druce DJ, Catton GM, Jans AD, Wagstaff 
MK. The FDA-approved drug ivermectin inhibits the 
replication of SARS-CoV-2 in vitro. Antiviral Research. 
2020;178:104787.

7. Garric J, Vollat B, Duis K, Pe´ry A, Junker T, Ramil M, 



Laura Mancini, Ines Lacchetti, Filippo Chiudioni et al.

B
r

ie
f
 n

o
t

e
496

Fink G, Ternes TA. Effects of the parasiticide ivermec-
tin on the cladoceran Daphnia magna and the green 
alga Pseudokirchneriella subcapitata. Chemosphere. 
2007;69:903-10. 

8. Alonso Á, De Lange HJ, Peeters ET. Contrasting sensitiv-
ities to toxicants of the freshwater amphipods Gammarus 
pulex and G. fossarum. Ecotoxicology. 2010;19:133-40.

9. Daoud D, McCarthy A, Dubetz C, Barker DE. The 
effects of emamectin benzoate or ivermectin spiked 
sediment on juvenile American lobsters (Homarus 
americanus). Ecotoxicology and Environmental Safety. 
2018;163:636-45. 

10. Ucán-Marin F, Ernst W, O’Dor RK, Sherry J. Effects of 
food borne ivermectin on juvenile Atlantic salmon (Sal-
mo salar L.): survival, growth, behavior, and physiology. 
Aquaculture. 2012;334-337:169-75.

11. Domingues I, Oliveira R, Soares AMVM, Amorim MJB. 
Effects of ivermectin on Danio rerio: a multiple endpoint 
approach: behaviour, weight and subcellular markers. 
Ecotoxicology. 2016;25:491-9.

12. Mesa L, Gutiérrez MF, Montalto L, Perez V, Lifschitz 
A. Concentration and environmental fate of ivermectin 
in floodplain wetlands: An ecosystem approach. Sci Total 
Environ. 2020;706:135692.

13. Garric J, Vollat B, Duis K, Pe´ry A, Junker T, Ramil M, 
Fink G, Ternes TA. Effects of the parasiticide ivermec-
tin on the cladoceran Daphnia magna and the green 
alga Pseudokirchneriella subcapitata. Chemosphere. 
2007;69:903-10.

14. Eichberg C, Wohde M, Muller K, Rausch A, Scherrmann 
C, Scheuren T, During RA, Donath TW. The anthelmin-
tic ingredient moxidectin negatively affects seed germi-
nation of three temperate grassland species. Plos One. 
2016;11:e0166366.

15. Vokr̆ál I, Michaela Š, Radka P, Jir̆í L, Lukáš P, Dominika 
S, Kater̆ina L, Barbora S, Lenka S. Ivermectin environ-

mental impact: Excretion profile in sheep and phyto-
toxic effect in Sinapis alba. Ecotoxicol Environ Saf. 
2019;169:944-9.

16. Beynon SA, Wainwright WA, Christie M. The application 
of an ecosystem services framework to estimate the eco-
nomic value of dung beetles to the UK cattle industry. 
Ecological Entomology. 2015;40:124-35.

17. Pecenka JR, Lundgren JG. Effects of herd management 
and the use of ivermectin on dung arthropod communities 
in grasslands. Basic and Applied Ecology. 2019;40:19-29.

18. Martínez MI, Lumaret JP, Ortiz Zayas R, Kadiri N. The 
effects of sublethal and lethal doses of ivermectin on the 
reproductive physiology and larval development of the 
dung beetle Euoniticellus intermedius (Coleoptera: Scar-
abaeidae). Can Entomol. 2017;149:461-72.

19. Ishikawa I, Iwasa M. Toxicological effect of ivermectin 
on the survival, reproduction, and feeding activity of 
four species of dung beetles (Coleoptera: Scarabaei-
dae and Geotrupidae) in Japan. Bullet Entomol Res. 
2020;110:106-14.

20. Sanderson H, Laird B, Pope L, Brain R, Wilson C, John-
son D, Bryning G, Peregrine AS, Boxall A, Solomon 
K. Assessment of the environmental fate and effects of 
ivermectin in aquatic mesocosms. Aquatic Toxicology. 
2007;85:229-40.

21. Wang D, Han B, Li S, Due X, Cao Y, Lu T. Assessment of 
the fate and effect of ivermectin in a simulated aquacul-
ture ecosystem. Aquaculture Research. 2020;51:535-41.

22. Dent JA, Smith MM, Vassilatis DK, Avery L. The genet-
ics of ivermectin resistance in Caenorhabditis elegans. 
Proc Natl Acad Sci USA. 2000;14;97:2674-9.

23. Laing R, Gilan V, Devaney E. Invermectin – Old drug, 
new tricks? Trends in Parasitol. 2017;33:463-72. 

24. Ouellett ME. Biochemical and molecular mechanisms 
of drug resistance in parasites. Trop Med Int Health. 
2001;6:874-82.



B
ie

f
 n

o
t

e

497

Key words
• mental health
• health policy
•  adolescents and women 

health
• COVID-19 epidemic

Unequal effects of the national 
lockdown on mental and social health  
in Italy
Emanuele Caroppo1,*, Pietro De Lellis2,*, Ilaria Lega3, Antonella Candelori4, Daniela 
Pedacchia4, Alida Pellegrini4, Rossella Sonnino4, Virginia Venturiello4, Manuel Ruiz Marìn5 
and Maurizio Porfiri6

1Dipartimento di Salute Mentale, ASL Roma 2, Rome, Italy 
2Dipartimento di Ingegneria Elettrica e delle Tecnologie dell’Informazione, Università degli Studi di Napoli 
Federico II, Naples, Italy 
3Centro Nazionale per la Prevenzione delle Malattie e la Promozione della Salute, Istituto Superiore di 
Sanità, Rome, Italy 
4Scuola Media Michelangelo Buonarroti, Istituto Comprensivo Regina Elena, Rome, Italy 
5Department of Quantitative Methods, Law and Modern Languages, Technical University of Cartagena, 
Cartagena, Murcia, Spain 
6Department of Mechanical and Aerospace Engineering and Department of Biomedical Engineering, Tandon 
School of Engineering, New York University, Brooklyn, NY, USA 
*These authors contributed equally to this work

Ann Ist Super Sanità 2020 | Vol. 56, No. 4: 497-501
DOI: 10.4415/ANN_20_04_13

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-
tire population remain hidden and not fully understood. Italy has been the first European 
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.

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.I.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, 
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Figure 1 
Gender (top panel) and age (bottom panel) distribution of the 
selected sample of participants.
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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 

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 girls 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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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).

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 Calm Confusion Anxiety Indifference

Age 0.02 -0.36 0.20 -0.04 0.17 -0.19

Gender -0.10 0.00 0.14 -0.08 -0.11 0.18

Table 2
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 Happiness Serenity Anxiety Boredom Nostalgia Melancholy Indifference

Age -0.01 -0.19 0.00 0.15 -0.33 -0.24 0.09 -0.10

Gender -0.09 0.02 0.09 -0.11 0.16 -0.07 -0.12 0.12
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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 

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 Sanità). 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 Sanità 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 symptoms).

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 

adolescents’ health and emphasized the importance of 
this surveillance system to link knowledge and action to 
promote healthy behaviours in young people.
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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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Abstract
Objective. The aim is to describe dietary habits and their association with socio-demo-
graphic characteristics in a large nationally representative sample of Italian adolescents 
aged 11, 13 and 15 years.
Materials and methods. Data from the 2018 Italian Health Behaviour in School-aged 
Children (HBSC) survey on 58,976 adolescents were analysed to determine eating hab-
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.
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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” vs “>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” vs “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” vs “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” vs “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” vs “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.

RESULTS
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%; 

Table 1
Socio-demographic and behavioural characteristics of the sample by age and gender. Italy, 2018

Sample characteristics* 11 years old
N = 19,504

13 years old
N = 20,554

15 years old
N = 18,918

All age group
N = 58,976

Boys (%) Girls (%) Boys (%) Girls (%) Boys (%) Girls (%) Boys (%) Girls (%)

Residence area

North 48.5 49.2 46.5 46.2 37.9 42.5 45.0 46.2

Centre 17.2 17.8 17.1 17.6 19.4 16.7 17.7 17.4

South 34.3 33.0 36.4 36.2 42.7 40.8 37.3 36.4

Missing - - - - - - - -

Parents’ country of birth

Both Italians 85.9 86.0 85.8 86.7 88.9 88.7 86.7 87.0

One foreign parent 5.4 5.1 5.8 5.7 5.1 5.8 5.5 5.5

Both foreigners 8.7 8.9 8.4 7.6 6.0 5.5 7.8 7.5

Missing 4.9 4.9 4.2 3.5 3.1 2.2 4.2 3.7

Parents’ educational level**

Low level of education 7.0 6.1 11.2 13.1 14.1 14.2 10.4 10.9

Medium level of education 21.7 21.9 42.1 44.3 46.2 47.5 35.8 37.3

High level of education 26.9 28.1 30.4 28.5 29.3 30.4 28.8 28.9

Don’t know 44.4 43.9 16.3 14.1 10.4 7.9 25.0 22.9

Missing 5.6 5.3 3.0 2.1 4.8 2.7 4.4 3.4

Family Affluence Scale (FAS)

Low 28.0 29.7 27.5 30.1 29.8 31.3 28.3 30.3

Medium 47.0 47.8 46.8 47.1 47.9 47.9 47.2 47.6

High 25.0 22.5 25.7 22.8 22.3 20.8 24.5 22.1

Missing 3.5 2.7 3.6 1.9 2.8 1.6 3.3 2.1

Hours “screen time” daily

<= 2 hours 45.5 54.3 33.2 42.4 31.6 40.7 37.3 46.2

> 2 hours 54.5 45.7 66.8 57.6 68.4 59.3 62.7 53.8

Missing 3.5 2.5 3.3 1.5 2.8 1.7 3.2 1.9

Family meal every day

Yes 55.9 55.9 59.1 57.0 56.9 54.3 57.3 55.8

No 44.1 44.1 40.9 43.0 43.1 45.7 42.7 44.2

Missing 0.9 0.9 0.6 0.3 0.5 0.3 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 habits
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 girls 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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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 

Table 2
Dietary indicators by age and gender. Italy, 2018

Dietary habits* 11 years old
N = 19,504

13 years old
N = 20,554

15 years old
N = 18,918

All age group
N = 58,976

Boys (%) Girls (%) Boys (%) Girls (%) Boys (%) Girls (%) Boys (%) Girls (%)

Breakfast daily

Yes 64.8 60.5 61.6 48.1 57.5 45.8 61.7 51.9

No 35.2 39.5 38.4 51.9 42.5 54.2 38.3 48.1

Missing 3.8 2.6 2.2 1.7 1.6 1.2 2.6 1.9

Fruit at least once a day

Yes 35.6 41.0 31.8 38.2 29.2 37.1 32.5 38.9

No 64.4 59.0 68.2 61.8 70.8 62.9 67.5 61.1

Missing 0.5 0.4 0.4 0.2 0.2 0.1 0.4 0.2

Vegetables at least once a day

Yes 23.1 31.1 22.2 33.0 20.7 33.7 22.1 32.5

No 76.9 68.9 77.8 67.0 79.3 66.3 77.9 67.5

Missing 0.6 0.4 0.6 0.2 0.3 0.1 0.5 0.3

Fruit/Vegetables at least once a day

Yes 44.0 52.4 40.5 50.5 37.1 50.0 40.9 51.1

No 56.0 47.6 59.5 49.5 62.9 50.0 59.1 48.9

Missing 0.7 0.5 0.6 0.2 0.3 0.1 0.6 0.3

Legumes at least twice a week

Yes 43.9 47.2 49.0 52.3 53.2 54.6 48.3 51.1

No 56.1 52.8 51.0 47.7 46.8 45.4 51.7 48.9

Missing 1.1 1.0 1.2 0.8 0.7 0.4 1.4 0.7

Carbonated-sugary drinks less than once a day

Yes 83.8 87.5 84.1 88.4 84.3 90.4 84.1 88.7

No 16.2 12.5 15.9 11.6 15.7 9.6 15.9 11.3

Missing 0.6 0.4 0.4 0.1 0.3 0.1 0.5 0.2

Correct dietary habits

Less than 3 42.8 37.7 43.2 42.3 45.5 42.3 43.7 40.7

At least 3 57.2 62.3 56.8 57.7 54.5 57.7 56.3 59.3

Missing 5.5 3.5 3.5 2.6 2.2 1.7 3.9 2.7

Number of correct dietary habits

0 1.9 1.5 2.2 1.9 2.0 1.7 2.0 1.7

1 13.2 11.5 11.9 12.4 12.3 10.9 12.5 11.7

2 27.7 24.8 29.2 28.0 31.2 29.7 29.2 27.3

3 31.7 31.0 32.4 28.1 32.5 28.0 32.2 29.0

4 17.6 20.2 17.3 19.7 14.9 19.2 16.7 19.8

5 7.9 11.0 7.0 9.9 7.1 10.5 7.4 10.5

Missing 4.5 3.5 3.5 2.6 2.2 1.7 3.9 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.
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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 1st 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-

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-

Table 3
Logistic regression models for dietary indicators. Italy, 2018

Indipendent 
variables

No daily breakfast
N = 57,874

Fruit/Vegetables less 
than once a day 

N = 58,708

Legumes less than 
twice a week

N = 58,355

Carbonated-sugary 
drinks at least once 

a day
N = 58,746

Less than 3 correct 
dietary habits

N = 57,308

Prev OR* 95% CI Prev OR* 95% CI Prev OR* 95% CI Prev OR* 95% CI Prev OR* 95% CI

Age

11 years 37.3 1 51.9 1 54.5 1 14.4 1 40.3 1

13 years 45.0 1.36 (1.24-1.48) 54.6 1.12 (1.03-1.22) 49.3 0.83 (0.76-0.91) 13.8 0.94 (0.83-1.07) 42.8 1.09 (1.00-1.20)

15 years 48.4 1.49 (1.36-1.62) 56.4 1.17 (1.07-1.27) 46.1 0.76 (0.69-0.83) 12.6 0.86 (0.75-0.98) 43.8 1.12 (1.03-1.23)

Gender

Males 38.3 1 59.1 1 51.7 1 15.9 1 43.7 1

Females 48.1 1.54 (1.44-1.64) 48.9 0.67 (0.62-0.71) 48.9 0.91 (0.86-0.97) 11.3 0.67 (0.61-0.74) 40.7 0.91 (0.85-0.97)

Residence area

North 37.8 1 49.8 1 57.8 1 11.8 1 39.7 1

Centre 40.9 1.12 (1.03-1.22) 52.6 1.10 (1.02-1.19) 51.4 0.76 (0.69-0.82) 12.1 1.03 (0.91-1.17) 39.7 0.97 (0.89-1.05)

South 51.0 1.70 (1.57-1.85) 60.2 1.43 (1.33-1.55) 40.5 0.47 (0.43-0.51) 16.7 1.48 (1.31-1.67) 46.5 1.24 (1.14-1.34)

Parents’ country of birth

Both Italians 42.9 1 54.5 1 50.5 1 13.2 1 42.2 1

One foreign 
parent

42.0 1.03 (0.91-1.17) 52.9 0.94 (0.83-1.08) 51.0 0.97 (0.85-1.11) 13.2 1.10 (0.91-1.32) 40.8 0.97 (0.85-1.11)

Both foreigns 45.7 1.23 (1.09-1.40) 49.7 0.76 (0.67-0.87) 48.3 0.69 (0.61-0.78) 18.2 1.38 (1.17-1.62) 42.0 0.86 (0.76-0.98)

Parent’s educational level**

Low level of 
education

52.0 1 64.6 1 47.7 1 22.2 1 53.5 1

Medium level 
of education

44.9 0.87 (0.79-0.97) 56.0 0.77 (0.69-0.86) 49.0 0.88 (0.79-0.98) 12.8 0.60 (0.52-0.68) 43.1 0.72 (0.65-0.80)

High level of 
education

39.1 0.75 (0.67-0.84) 45.3 0.54 (0.48-0.61) 47.5 0.78 (0.69-0.87) 8.5 0.40 (0.34-0.47) 33.1 0.51 (0.45-0.57)

Don’t know 41.7 0.92 (0.82-1.03) 56.4 0.87 (0.77-0.99) 56.0 1.03 (0.91-1.16) 17.3 0.82 (0.70-0.96) 46.4 0.89 (0.79-1.00)

Family Affluence Scale (FAS)

Low 48.2 1 60.1 1 48.2 1 17.0 1 48.2 1

Medium 42.3 0.89 (0.83-0.96) 54.3 0.89 (0.82-0.96) 51.1 1.04 (0.96-1.13) 12.4 0.85 (0.77-0.95) 41.6 0.86 (0.80-0.93)

High 38.9 0.84 (0.76-0.92) 46.3 0.70 (0.64-0.77) 50.8 1.01 (0.93-1.10) 11.6 0.92 (0.80-1.06) 35.6 0.75 (0.69-0.82)

Hours “screen time” daily

≤ 2 hours 39.4 1 48.6 1 47.7 1 10.0 1 35.3 1

> 2 hours 45.8 1.24 (1.16-1.32) 58.0 1.37 (1.29-1.45) 51.9 1.25 (1.17-1.33) 16.0 1.69 (1.53-1.86) 46.9 1.55 (1.45-1.65)

Family meals

Less than 
every days

44.9 1 57.2 1 52.0 1 12.0 1 44.2 1

Every days 41.9 0.83 (0.78-0.89) 51.6 0.75 (0.71-0.79) 49.0 0.94 (0.89-1.00) 14.8 1.26 (1.15-1.37) 40.5 0.83 (0.78-0.88)

*Adjusted Odds Ratio for all variables list in the Table 3.
**The highest educational level between the two parents.
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ed to be positively associated with a better diet among 
adolescents and these behaviours are also evident for 
Italian 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 habits: 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 (29th place, 21st place and 19th 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 45th, 41st and 36th for the consumption of vegetables 
among 11, 13 and 15 years old and respectively at 42th, 
32th and 16th 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: 21st, 17th and 10th 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 (WHO) 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.
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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 
(≥10) 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-PRE876/17, 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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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. 

Address for correspondence: Claudia Marino, Dipartimento di Psicologia dello Sviluppo e della Socializzazione, Università degli Studi di Padova, via 
Venezia 8, 35121 Padua, Italy. E-mail: claudia.marino@unipd.it.

Key words
• social media
• problematic use
• adolescence
• psychosomatic symptoms

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-
terventions are needed in order to promote a positive use of social media.
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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 Sanità.

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 

Table 1
Prevalence of problematic social media use by region, age group, and gender (n = 53292)

Total
%

11-year-olds (n = 17,160)
%

13-year-olds (n = 19,292)
%

15-year-olds (n = 16,840)
%

Boys Girls Total Boys Girls Total Boys Girls Total 

Piemonte 8.1 8.3 8.9 8.6 5.6 13.0 9.2 4.3 8.4 6.2

Valle d’Aosta/Vallée 
d’Aoste

6.6 4.5 5.2 4.9 6.8 10.9 8.9 3.9 7.9 5.9

Lombardia 10.3 9.5 10.5 10.0 9.8 15.4 12.5 5.9 9.8 8.1

Bolzano/Bozen 9.1 9.3 7.4 8.4 6.9 12.5 9.9 8.9 8.7 8.8

Trento 8.2 10.7 8.3 9.4 9.0 8.8 8.9 5.5 7.3 6.5

Veneto 9.1 8.8 7.6 8.2 8.6 12.9 10.8 6.0 10.1 8.0

Friuli Venezia Giulia 6.6 8.1 5.6 6.8 4.0 9.7 6.9 4.5 7.5 6.1

Liguria 8.9 8.6 7.6 8.1 8.6 12.4 10.3 5.8 10.8 8.2

Emilia Romagna 8.3 5.7 7.5 6.6 8.5 10.2 9.4 5.2 11.2 8.7

Toscana 7.5 5.8 7.5 6.7 4.8 11.9 8.4 4.6 10.0 7.2

Umbria 8.5 7.1 5.8 6.4 9.5 15.1 12.2 6.7 6.6 6.7

Marche 8.6 9.6 11.9 10.7 4.7 12.4 8.4 4.6 8.6 6.8

Lazio 8.3 6.9 7.8 7.3 6.4 11.7 9.1 4.2 13.6 8.4

Abruzzo 9.3 9.7 9.1 9.4 6.6 15.5 10.7 4.3 10.7 7.8

Molise 9.5 10.4 10.2 10.3 7.0 13.9 10.1 6.6 9.0 7.9

Campania 10.8 11.1 13.6 12.2 8.9 16.1 12.5 4.6 11.0 7.8

Puglia 10.9 8.4 9.2 8.8 8.9 17.0 12.7 7.7 13.8 10.9

Basilicata 9.2 8.0 10.4 9.1 8.5 12.6 10.7 6.0 8.6 7.1

Calabria 10.0 9.1 10.3 9.6 7.5 14.5 11.1 6.9 11.4 9.3

Sicilia 10.0 9.4 10.4 9.9 10.4 14.7 12.6 4.6 11.2 7.7

Sardegna 9.2 9.3 9.6 9.5 6.5 12.9 9.5 5.1 10.5 8.0

Italy 8.9 8.6 8.7 8.6 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 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 

Table 2
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)

Boysa

(n = 25,917)
Girlsa

(n = 26,225)
Totalb

(n = 52,142)

Piemonte 1.49(.82-2.72) 1.52(1.04-2.22)* 1.53(1.11-2.11)**

Valle d’Aosta / Vallée d’Aoste 1.45(.59-3.58) 2.69(1.55-4.68)*** 2.24(1.42-3.54)***

Lombardia 2.05(1.31-3.20)** 1.78(1.28-2.47)*** 1.87(1.43-2.44)***

Bolzano/Bozen 1.21(0.53-2.77) 1.79(1.12-2.88)* 1.60(1.07-2.41)*

Trento 1.68(0.96-2.92) 2.21(1.48-3.30)*** 2.02(1.47-2.79)***

Veneto 1.99(1.35-2.93)*** 1.55(1.17-2.06)** 1.71(1.36-2.15)***

Friuli Venezia Giulia 2.16(1.19-3.93)* 1.87(1.25-2.79)** 1.99(1.42-2.78)***

Liguria 2.02(1.21-3.37)** 1.57(1.06-2.32)* 1.74(1.17-2.37)***

Emilia-Romagna 1.79(1.04-3.10)* 1.95(1.37-2.77)*** 1.91(1.42-2.57)***

Toscana 1.18(0.59-2.36) 1.82(1.25-2.65)** 1.65(1.19-2.27)**

Umbria 3.68(1.83-7.41)*** 1.82(1.02-3.24)* 2.33(1.49-3.64)***

Marche 1.63(0.92-2.88) 1.82(1.28-2.58)*** 1.77(1.31-2.38)***

Lazio 2.36(1.41-3.95)*** 1.71(1.19-2.45)** 1.93(1.43-2.60)***

Abruzzo 2.00(1.18-3.40)** 1.37(0.95-1.98) 1.56(1.16-2.12)**

Molise 1.42(0.78-2.60) 2.09(1.41-3.10)*** 1.86(1.34-2.57)***

Campania 1.71(1.07-2.75)* 1.61(1.14-2.26)*** 1.66(1.26-2.19)***

Puglia 1.64(1.02-2.65)* 1.84(1.33-2.54)*** 1.79(1.37-2.34)***

Basilicata 1.71(.90-3.25) 2.15(1.32-3.50)** 1.97(1.34-2.89)***

Calabria 1.89(1.17-3.07)** 2.70(1.94-3.77)*** 2.43(1.86-3.18)***

Sicilia 2.71(1.74-4.22)*** 1.52(1.07-2.17)* 1.94(1.46-2.57)***

Sardegna 3.12(1.61-6.07)*** 2.17(1.30-3.45)** 2.44(1.64-3.63)***

Italyc 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; a: control variables: age and family affluence – effects not reported for clarity seeking; b: control variables: age, gender and family 
affluence; c: weighed for region.
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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 

Table 3
OR (95% CI) for multiple psychological symptoms (2 or more symptoms more than once a week); 
independent variable: Problematic Social Media Use (0 = no; 1 = yes)

Boysa

(n = 25,898)
Girlsa

(n = 26,209)
Totalb

(n = 52,107)

Piemonte 2.15(1.58-3.79)*** 3.64(2.38-5.57)*** 3.06(2.26-4.13)***

Valle d’Aosta / Vallée d’Aoste 3.33(1.70-6.55)*** 5.38(2.72-10.67)*** 4.29(2.68-6.86)***

Lombardia 2.35(1.63-3.40)*** 2.80(1.99-3.94)*** 2.60(2.03-3.33)***

Bolzano / Bozen 1.61(0.90-2.87) 2.57(1.68-3.92)*** 2.17(1.55-3.03)***

Trento 2.25(1.48-3.40)*** 3.55(2.30-5.48)*** 2.86(2.13-3.84)***

Veneto 1.98(1.45-2.71)*** 2.80(2.08-3.77)*** 2.41(1.95-2.98)***

Friuli Venezia Giulia 2.76(1.71-4.47)*** 2.87(1.85-4.43)*** 2.91(2.11-4.02)***

Liguria 2.25(1.50-3.39)*** 3.39(2.14-5.36)*** 2.75(2.04-3.70)***

Emilia Romagna 2.22(1.43-3.46)*** 3.37(2.26-5.03)*** 2.83(2.11-3.78)***

Toscana 2.83(1.74-4.60)*** 3.07(2.06-4.57)*** 3.00(2.20-4.07)***

Umbria 3.87(2.03-7.38)*** 2.16(1.17-3.97)* 2.92(1.86-4.59)***

Marche 1.85(1.19-2.86)** 3.25(2.22-4.75)*** 2.58(1.95-3.41)***

Lazio 2.62(1.66-4.12)*** 3.70(2.41-5.67)*** 3.24(2.39-4.40)***

Abruzzo 3.01(1.95-4.66)*** 2.44(1.68-3.55)*** 2.73(2.05-3.64)***

Molise 2.97(1.93-4.57)*** 3.28(2.14-5.03)*** 3.09(2.29-4.18)***

Campania 1.94(1.29-2.81)** 2.55(1.77-3.68)*** 2.29(1.75-3.00)***

Puglia 2.32(1.58-3.41)*** 2.63(1.84-3.74)*** 2.51(1.94-3.25)***

Basilicata 1.98(1.15-3.43)* 2.42(1.44-4.06)*** 2.19(1.51-3.18)***

Calabria 1.52(1.01-2.29)* 2.79(1.94-4.01)*** 2.16(1.66-2.82)***

Sicilia 1.79(1.19-2.68)** 2.65(1.79-3.91)*** 2.27(1.72-2.99)***

Sardegna 2.03(1.11-3.72)* 4.57(2.45-8.54)*** 3.13(2.06-4.76)***

Italyc 2.23(2.20-2.27)*** 2.89(2.85-2.93)*** 2.60(2.58-2.63)***

*: p<0.05; **: p<0.01; ***: p<0.001; a: control variables: age and family affluence - effects not reported for clarity seeking; b: control variables: age, gender, and family 
affluence; c: weighed for region.
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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 health 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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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 

Address for correspondence: Paola Dalmasso, Dipartimento di Scienze della Sanità Pubblica e Pediatriche, Università degli Studi di Torino, Via San-
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Abstract
Objective. The aim was to investigate the role of different forms of social support in early 
sexual intercourse and contraceptive use.
Materials and methods. The study sample included 18,918 15-year-olds who took part 
in the 2018 Italian Health Behaviour in School-aged Children study. Multivariable mul-
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. 
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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 Sanità. 

Geographical 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: i) “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 I 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.
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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 (CIs). 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.

RESULTS
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 girls (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% CI 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 girls living 
with both parents (OR 0.73, 95% CI 0.57-0.92).



Adolescents’ sexuAl behAviours, the role of sociAl support

M
o

n
o

g
r

a
p

h
ic

 s
e

c
t

io
n

525

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 

Table 1
Descriptive analyses of study variables by gender and in the overall sample, the Health Behaviours in School-aged Children study, 
Italy, 2018

Girls
(n = 9,506)

Boys
(n = 9,412) 

Total
(n = 18,918)

N % N % N %

Geographical region

Northern Italy 4,448 46.79 4,331 46.02 8,779 46.41

Central Italy 1,723 18.13 1,751 18.60 3,474 18.36

Southern Italy 3,335 35.08 3,330 35.38 6,665 35.23

Socioeconomic statusa

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 7,613 80.09 7,422 78.86 15,035 79.47

Not living with both parents 1,893 19.91 1,990 21.14 3,883 20.53

Family supportb

Low 3,330 35.45 2,714 29.48 6,044 32.49

High 6,063 64.55 6,493 70.52 12,556 67.51

Peer supportb

Low 2,903 30.86 3,714 40.29 6,617 35.53

High 6,503 69.14 5,504 59.71 12,007 64.47

Teacher supportb

Low 5,147 54.81 4,683 50.58 9,830 52.71

High 4,243 45.19 4,575 49.42 8,818 47.29

Classmate supportb

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 SIb

No 7,434 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 SIbc

No 506 31.08 536 25.73 1,042 28.08

Yes 1,122 68.92 1,547 74.27 2,669 71.92

Oral contraceptive use at last SI c

No 1,377 87.04 1,768 88.36 3,145 87.78

Yes 205 12.96 233 11.64 438 12.22

Other contraceptive methods at last SIbc

No 820 52.30 1,280 63.97 2,100 58.84

Yes 748 47.70 721 36.03 1,469 41.16

aAs measured by the Family Affluence Scale. 
bchi-squared test significance for a value of p<0.05.
cpercentages for participants who reported early SI.
SI: sexual intercourse.
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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 2.35 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 (CIs); 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 SI among boys and girls with early SIs 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% CI adjOR 95% CI

Geographical region

Northern Italy 1 1

Central Italy 0.70 0.50-1.00 0.76 0.54-1.07

Southern Italy 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 (CIs); 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.
SI: 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 behaviour: 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 10th and 11th 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 5th and 21st, respectively, for con-
dom use [34].

Sexual behaviour 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 Sanità). 
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].
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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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Abstract
Objective. Alcohol remains the most commonly substance used by adolescents.The aim 
of the study was to draw a comprehensive picture of the behavioural patterns that char-
acterize alcohol use and abuse among 15-year-olds.
Materials and methods. The study sample included 18,918 15-year-olds participating 
in the 2018 Italian Health Behaviour in School-aged Children (HBSC) survey. A Bayes-
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.
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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 Sanità.

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 Sanità), parents’s coun-
try of birth, family structure, easy to talk to father and 
mother, drunkenness, binge drinking, friends 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?”)

How often do you drink alcohol at present?

Never Rarely Monthly Weekly Every day p-value

n 3827 6376 3412 4093 718

Gender = female (%) 2025 (52.9) 3494 (54.8) 1860 (54.5) 1710 (41.8) 193 (26.9) <0.001

FAS (%): <0.001

Low 806 (21.6) 1208 (19.3) 528 (15.8) 666 (16.7) 137 (19.9)

Medium 2024 (54.2) 3436 (54.8) 1741 (52.1) 2031 (50.9) 372 (54.1)

High 903 (24.2) 1624 (25.9) 1075 (32.1) 1297 (32.5) 178 (25.9)

Parents born (%): <0.001

both in Italy 3000 (80.2) 5496 (87.3) 2960 (88.2) 3574 (88.4) 591 (84.7)

1 abroad 267 (7.1) 440 (7.0) 225 (6.7) 281 (7.0) 46 (6.6)

both abroad 473 (12.6) 361 (5.7) 172 (5.1) 186 (4.6) 61 (8.7)

Family structure = living with both 
parents (%)

3083 (82.4) 5168 (82.2) 2686 (79.5) 3202 (79.5) 529 (77.2) <0.001

Talk father = easy or very easy (%) 2117 (56.4) 3263 (51.8) 1599 (47.3) 2021 (49.9) 418 (60.0) <0.001

Talk mother = easy or very easy (%) 2882 (76.7) 4675 (74.4) 2342 (69.5) 2738 (67.8) 490 (70.4) <0.001

Drunkenness = lifetime, at least twice (%) 24 (0.6) 467 (7.3) 872 (25.7) 1784 (43.9) 366 (52.1) <0.001

Binge drinking = yes in the past 12 
months (%)

166 (4.4) 1752 (27.6) 2092 (61.5) 3162 (77.7) 563 (78.9) <0.001

Friends that drink alcohol = lots-all (%) 1812 (47.3) 4047 (63.5) 2814 (82.5) 3587 (87.6) 558 (77.7) <0.001

Friends drunk at least weekly = lots-all 
(%)

548 (14.3) 1038 (16.3) 657 (19.3) 1303 (31.8) 314 (43.7) <0.001

Smoking = every day in the last 30 days 
(%)

46 (1.2) 252 (4.0) 246 (7.3) 692 (17.2) 230 (32.5) <0.001

Cannabis = lifetime, yes (%) 181 (5.1) 846 (13.9) 970 (29.3) 1696 (42.9) 327 (50.3) <0.001

Gambling = lifetime, yes (%) 888 (25.1) 2134 (35.2) 1437 (43.7) 2046 (51.8) 394 (60.9) <0.001

Ever had sexual intercourse = yes (%) 300 (8.7) 936 (15.8) 750 (23.2) 1361 (35.1) 331 (52.5) <0.001

Self-rated health = good/excellent (%) 3348 (88.0) 5600 (88.1) 2892 (85.0) 3467 (85.0) 562 (78.9) <0.001

Life satisfaction ≥6 (%) 3267 (86.2) 5503 (86.9) 2836 (83.4) 3410 (83.8) 559 (79.1) <0.001

Health complaints = at least 2 more than 
once a week (%)

2734 (72.2) 4927 (77.8) 2750 (80.9) 3387 (83.2) 590 (83.6) <0.001

Body Mass Index (%): <0.001

underweight 101 (3.0) 116 (2.0) 68 (2.2) 45 (1.2) 13 (2.1)

proper weight 2719 (79.9) 4724 (80.7) 2571 (81.7) 3011 (79.4) 466 (74.4)

overweight 494 (14.5) 845 (14.4) 430 (13.7) 614 (16.2) 116 (18.5)

obese 87 (2.6) 167 (2.9) 76 (2.4) 123 (3.2) 31 (5.0)

Body image = perceiving to be too fat 
(%)

1005 (26.7) 1893 (30.0) 1104 (32.6) 1329 (32.9) 200 (28.6) <0.001

Liking school = a bit or a lot (%) 2633 (69.1) 4181 (65.8) 2013 (59.2) 2068 (50.7) 281 (39.7) <0.001

Been bullied = never (%) 3414 (90.0) 5769 (91.2) 3107 (91.4) 3698 (91.0) 616 (87.4) 0.004

Bullied others = never (%) 3481 (91.8) 5695 (90.0) 2985 (87.8) 3392 (83.5) 517 (73.0) <0.001

Fight = never in the last 12 months (%) 3112 (81.9) 4737 (74.8) 2283 (67.0) 2267 (55.8) 296 (41.9) <0.001

Fruit = at least once a day everyday (%) 1396 (36.5) 2225 (34.9) 1185 (34.8) 1302 (31.9) 244 (34.2) <0.001

Vegetables = at least once a day 
everyday (%)

1202 (31.5) 1949 (30.6) 1107 (32.5) 1134 (27.8) 200 (28.1) <0.001

Sweets = less than once a day (%) 2853 (74.5) 4774 (74.8) 2560 (75.0) 2909 (71.0) 432 (60.2) <0.001

Soft-drinks = less than once a day (%) 3480 (90.9) 5753 (90.2) 3103 (0.9) 3533 (86.3) 488 (68.0) <0.001

Breakfast during schooldays = 5 days (%) 2224 (59.0) 3494 (55.5) 1742 (51.5) 1996 (49.3) 330 (46.9) <0.001

Meals with family = every day (%) 2196 (57.4) 3525 (55.3) 1667 (48.9) 1988 (48.6) 385 (53.6) <0.001
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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 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).
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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].

Alcohol 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 Sanità.

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 EJ 
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 
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achieve EJ (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 Sanità, 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 Sanità, 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 Bopprè and Richard 
I. 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 Sanità [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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FOOD AND AGRICULTURE 
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.
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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):e06242 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):e06243 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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