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LETTER

Priority coding for scheduling pain
medication consultations: a simple tool
supporting both efficient allocation
and sustainability of use of resources

Advances in medicine lead to a fragmentation of knowledge, so that for many patholo-
gies patients require visits with medical specialists. The role of the general practitioner
(GP) is therefore increasingly one of “gatekeeper” to the specialized hospital world. This
situation can create inequities in access to medical care, especially in waiting times, that
negatively impact patients with lower education levels and fewer economic resources [1].
Limited access to pain therapy is particularly impactful, as untreated pain has substantial
clinical, social and economic implications and reduces patients’ autonomy [2].

In Italy, access to some specialist consultations and procedures is managed via a prior-
ity system that sets maximum waiting times according to four grades of clinical severity
[3]. However, pain therapy consultations are not included in this system. This deficit was
recently addressed by Friuli Venezia Giulia, a northeastern Italian region of about 1.1
million inhabitants. In 2018, the region implemented a set of priority criteria for prescrib-
ing specialist visits for pain medication [4]. GPs score priority by combining data from a
patient’s subject pain assessment (on a numerical rating scale), the DN4 scale (douleur
neuropatique 4), and opioid doses, and then either send the patient to the emergency
room or prescribe a specialist visit to be held within 10, 30 or 180 days. The combination
of these three evaluation scales establishes the priority assignment for patients.

Despite the implementation of this system in Friuli-Venezia Giulia, the agreed waiting
times have not always been respected. Since it was not possible for the region to simply
increase the availability of outpatient specialist appointments, it was decided to examine
GPs’ use of the priority system and the appropriateness of their prescriptions. To this
aim, an online tool was implemented in which the pain therapist indicates, for every
examination, whether the priority indicated by the GP is correct and, if not, what should
have been the correct score. This tool allows administrators to monitor use of the priority
system; a first analysis of the data revealed a concordance rate of around 55%. Moreover,
the tool helps identify GPs who routinely err in their assessments.

We believe that the tool implemented by Friuli Venezia Giulia for pain medication
management can be adapted to other outpatient services whose public access is subject
to priority criteria, to help ensure correct application of the criteria and to identify GPs
who would benefit from training,.

An added benefit is that the tool will help direct training activities to those local areas
(aggregates of GPs) where they are most needed, relieving better-trained GPs from hav-
ing to undergo unnecessary training. In a proactive perspective of continuous improve-
ment in the quality of basic care, without unnecessarily increasing the offer of hospital
services, we recommend that other regional health care services adopt a similar approach
for the efficient allocation and sustainability of use of medical resources.
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EDITORIAL

Why research in medicine needs

a step back?

Stefano Fais

Dipartimento di Oncologia e Medicina Molecolare, Istituto Superiore di Sanita, Rome, Italy

Discovery needs luck, invention, intellect -
none can do without the other
Johann Wolfgang Goethe, a discoverer himself

Financial Times in 2008 published an apparently pro-
vocative article with the title “Drug research needs ser-
endipity” [1]. In this visionary article the authors state
that in the last two decades the Pharma industry did not
introduce in the market new drugs that showed some
effectiveness against major diseases, despite the huge
investment; and they tried to propose some explanation
for this. In their own words “What went wrong? The
answer, we suggest, is the mis-measure of uncertainty,
as academic researchers underestimated the fragility
of their scientific knowledge, while pharmaceuticals
executives overestimated their ability to domesticate
scientific research”; and again “Medical research is par-
ticularly hampered by the scarcity of good animal mod-
els for most human disease, as well as by the tendency
of academic science to focus on the ‘bits and pieces’
of life - DNA, proteins, cultured cells — rather than on
the integrative analysis of entire organisms, which can
be more difficult to study”. I guess all the readers of
these few sentences should realize that pharmaceuti-
cal industries have failed in their investment and the
authors of the article provide an explanation: the aca-
demic researchers have overestimated their findings
and the headquarters of the Pharmas were wrongly
pretty sure to manage for a perfect control of what
came from the scientific research. One paradox of this
low effectiveness of the new drugs is that a new field
in pharmacology is to discover the off targetting of the
known drugs through their side effects [2] and this is
leading to think about the use of drugs designed to be
specific for a disease for the treatment of other diseases.
But this is not surprising being the vast majority of the
drugs that pioneered the pharmacology of neurologic
diseases thought for other uses [3]. From the whole of
this dreadful awareness some doubts may originate on
the future of the current research, that is going without
breaks in the same direction. However, the authors pro-
vide a possible attempt to adjust the sight, to course cor-

rect the way, all in all to change the strategy of research
in medicine in order to get to results that really may
change the health and therefore the fate of the whole
humanity. They wrote that in the past the majority of
the discoveries were done mostly through serendipity.
In fact, serendipity was a fairly common occurrence in
science. However, some information is needed on the
origin of the word “serendipity”. The term was coined
by Horace Walpole on January 28th of 1754 in one of
the letters written to his friend Horace Mann. Walpole
coined the term influenced by the reading of The three
princes of serendip by the Persian poet Kushrau. In the
story three princes are expelled from Serendip (then
Ceylon and in modern day Sri Lanka), and along their
travels they make discoveries due to sheer luck. The
story of how Walpole had access to this literary piece is
in itself full of serendipitous anecdotes and difficulties,
however what is important to know for our purposes is
that “serendipity” originally referred to discoveries by
good luck or happy accidents [3].

We had clear examples in the past of discoveries that
really changed the natural history of devastating dis-
eases, such as infectious diseases, through incidental
findings, that we can well re-call amazing moments of
serendipity. The most known example of this is the dis-
covery of penicillin. Fleming was studying Staphylococ-
cus when one of his culture plates had become contami-
nated and developed a mold that created a bacteria-free
circle. Then he found within the mold a substance very
active against the vast majority of the bacteria infecting
the human beings [4]. However, the Fleming's example
is the most known but for sure not the only one we can
provide. One other example, while much less known, is
that of the 1931 Nobel Prize Otto H. Warburg. He left
overnight some plates containing tumor cells seeded
in culture medium in the laboratory’s incubator with
the usual 37 °C and O,/CO, atmosphere. The morn-
ing after he realized that the O, dropped down within
the incubator, expecting to find all the cells dead due
to the hypoxic conditions; while the cells were pretty
well and after an initial astonishment he thought that
probably cancer cells did not need oxygen to live. After
a series of experiments his conclusion was that differ-

Address for correspondence: Stefano Fais, Dipartimento di Oncologia e Medicina Molecolare, Istituto Superiore di Sanita, Viale Regina Elena 299,

00161 Rome, Italy. E-mail: stefano.fais@iss.it.
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ently to normal cells cancer cells do not need oxygen
for their metabolism, while they fermentate sugar pro-
ducing lactate, thus contributing to extracellular acidi-
fication. Warburg has become a mentor for scientists
thinking that tumor acidity is a common phenotype of
cancers, and that an antiacidic therapy is at list to be
implemented with the current anti-cancer approach.
The Warburg's discovery on tumor metabolism con-
vinced me that it is crucial in science to have a look
to what is occurring with an open mind; not thinking
that what apparently looks a failure of your experiment
is actually a failure, but hopefully something that may
represent a discovery [5, 6]. Therefore, we should iden-
tify serendipity as part of the scientific process. With
this approach my group of research got to nonmain-
stream discoveries, including the evidence that proton
pump inhibitors (PPI) have a clear anti-tumor effect
and improve the effectiveness of other drugs as well,
in turn leading to clinical studies supporting the use
of PPI in treatment of patients with different cancers
[7-19]; that tumor cells face off the low nutrient sup-
ply of tumors by feeding on other cells, thus becoming
cannibal [20-24], and sharing this activity with unicel-
lular microorganisms [23], together with sharing spe-
cific cannibalism-related genes [24]; that cancer cells
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Abstract

Although asbestos exposure and risks can be prevented, only five countries in Latin
America have banned asbestos, including Colombia. Beginning in 2011, a collabora-
tion between the Istituto Superiore di Sanita in Italy and Universidad de los Andes in
Colombia was established, bringing together relevant expertise aiming to improve our
understanding of the asbestos problem. An important result of this collaboration was a
recently published study conducted in Sibaté, Colombia, a municipality where an asbes-
tos-cement facility has operated since 1942. The evidence collected suggests the pres-
ence of a mesothelioma cluster in Sibaté. Landfilled zones with an underground layer of
friable asbestos were also discovered in the urban area of the municipality. The impor-
tance of this type of collaboration can go beyond understanding the impact of asbestos at
the local level, which is crucial, and may also contribute in solving unanswered questions

Key words

e asbestos

¢ Colombia

e international cooperation
¢ mesothelioma

e global public health

of the problem in countries that banned asbestos decades ago.

INTRODUCTION

Asbestos is among the 120 agents classified by the
International Agency for Research on Cancer as hu-
man carcinogens [1]. However, and this makes asbes-
tos different compared to most carcinogens, asbestos
exposure can be prevented because it is economically
and technically feasible to substitute the material with
non-carcinogenic agents, which is especially evident for
both construction and automotive products (two of the
major uses of asbestos in the world). Hence, more than
67 countries have banned asbestos (IBAS, Internation-
al Ban Asbestos Secretariat; 2019. www.ibasecretariat.
org.). In Latin America, only five countries have banned
asbestos: Argentina, Chile, Honduras, Uruguay, and
Colombia (IBAS, International Ban Asbestos Secre-
tariat; 2019. www.ibasecretariat.org). Currently Latin
American countries represent 10% of the world asbes-
tos consumption [2].

A decision of the Supreme Court of Brazil in Novem-
ber 2017 in theory banned asbestos, but the decision
has not been fully implemented and is facing legal chal-
lenges (IBAS, International Ban Asbestos Secretariat;
2019. www.ibasecretariat.org.).

In Colombia asbestos use has been historically con-
centrated in supplying products for two sectors: con-

struction and automotive. In construction, there have
been 5 major asbestos-cement facilities, three of these
owned by the same company, located in Sibaté, Cun-
dinamarca (circa 1942), Cali, Valle (circa 1944), and
Barranquilla, Atlantico (circa 1944) (Eternit, www.eter-
nit.com.co/historia). The other two asbestos-cement
facilities are located in Manizales, Caldas, owned by
different companies (circa 1967 and 1982) (Etex, www.
etex.com.co/acerca-de-etex; Toptec, www.toptec.com.
co/index.php/quienes-somos). Among the asbestos-ce-
ment products distributed in the country there are cor-
rugated sheets, pipelines, and tanks for water storage.
All the asbestos-cement facilities previously described
are still in operation, and they all claim they have fin-
ished the technology reconversion that allows them
to manufacture asbestos-free construction products.
In the automotive sector, an asbestos friction product
facility located in Bogota, DC, still produces asbestos
containing brake pads, linings, and blocks, as well as
asbestos-containing clutch disks (circa 1960) (Incol-
best, www.incolbest.com/la-empresa/historia/). There is
also an active chrysotile asbestos mine in Campamento,
Antioquia. The recent asbestos ban in Colombia comes
in force in January 1st, 2021, when the use, production,
distribution, mining, and exports of asbestos mineral
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and asbestos containing products will cease [3].

The negative legacy of asbestos containing products
distributed in Colombia has not been fully quantified
and understood. Between 2009 and 2016 asbestos con-
sumption in Colombia ranged between 11 907 and 24
822 tons per year [4]. Information about how much
asbestos has been distributed in the country comes
mostly from industry itself: more than 5 million homes
have asbestos-cement products, 300 million square me-
ters of corrugated asbestos cement sheets have been
installed, and more than 3 million vehicles use asbes-
tos-containing friction products [2]. Over 75 years of
operation of the asbestos industry in the country, 11
million tons of both corrugated asbestos cement sheets
and pipelines have been introduced in the country [5].
The distribution of all these asbestos containing prod-
ucts (ACP) in the country has created a concerning risk
of asbestos exposure for the entire population, resulting
in a complex technological and economic challenge for
the proper removal and disposal of these ACP.

THE RATIONALE FOR INTERNATIONAL
SCIENTIFIC COOPERATION

A collaboration between researchers from Istituto Su-
periore di Sanita (ISS) and Universidad de los Andes
(Uniandes) in Bogota started in 2011 in the frame of the
Latin American Chapter during the annual conference
of the International Society for Environmental Epide-
miology (ISEE). The asbestos issue has been identified
as a key topic of common interest for bilateral scientific
cooperation, because it represents a national and global
public health threat in both countries. For a detailed
discussion of this point the reader is referred to Marsili
& Comba, 2013; Marsili et al., 2014, Marsili et al., 2017
[6-8]. In particular, the Italo-Colombian collaboration
was motivated by the major past asbestos production
and use in Italy, which caused heavy environmental and
health impacts currently requiring public investments
for environmental remediation and health prevention
actions, and the history of asbestos production and
use in Colombia, which represents an emerging public
health threat and an environmental concern. In 2015,
during the ISEE annual conference held in Brazil, we
jointly organized a symposium on “Prevention of as-
bestos-related disease in Latin America”, also with the
contributions from Brazilian researchers. Since 2015,
we have been strengthening our cooperation to make
available scientific evidence of asbestos risks in Colom-
bia with the goal of fostering the adoption of preven-
tion initiatives shared with affected communities [2, 9]
and scientifically support the prohibition of the use of
asbestos in Colombia.

In 2017 we decided to formalize the scientific col-
laboration through a Memorandum of Understanding
(MoU) between ISS and Uniandes (September 2017-
September 2019) aimed to “Foster, coordinate, develop
and promote scientific and technological multidisci-
plinary research, in order to contribute to research and
outreach activities that pertain to environmental and
public health issues of common interest between the
two participating organizations, namely the prevention
of asbestos related disease”. The two partners agreed

in recognizing the mutual benefits of this cooperation,
providing an institutional frame to the collaborative
research, supporting training initiatives and exchanges
of scientific information and documentation, fostering
participation in research projects and co-authorship in
scientific publications.

The recently published study concerning the Sibaté
Municipality, one of the five locations of asbestos-ce-
ment industries in Colombia, [4] is a relevant example
characterizing this international scientific coopera-
tion, relying on the mutual recognition of knowledge
and skills of the two cooperating partners, who work
together sharing corroborated scientific methodologies
in public health, environmental and social sciences. The
common objective is creating awareness on an emerg-
ing public health issue in Colombia for the benefit of
asbestos exposed communities and the improvement of
environmental quality in the country.

THE SIBATE STUDY

Sibaté is a municipality located 25 km southwest
from Bogotd, the capital of the country. An asbestos-
cement facility located 5 km north of the urban area of
Sibaté has been in operation since 1942, Ramos-Bonilla
et al., 2019 [4]. For years inhabitants from Sibaté have
been complaining that a large number of asbestos re-
lated diseases (ARD) were being diagnosed in the town.
An interdisciplinary group of researchers from Univer-
sidad de los Andes (Colombia), the Istituto Superiore
di Sanita (Italy), the French National Research Insti-
tute for Development (IRD), Fundacién Santa Fe de
Bogot4 (Colombia), and researchers from the Universi-
ties of Rome (La Sapienza), of Turin, and of Bologna,
conducted the study that aimed to both determine if
the evidence supported the health complaints of the
community, and to identify potential asbestos exposure
sources in the town [4].

Initially a survey to identify potential cases diagnosed
with ARD was implemented door-to-door, in four neigh-
borhoods that people reported were built in the proxim-
ity of landfilled areas that might contain asbestos. Three
hundred and fifty five surveys were completed, and 29
self-reported mesothelioma cases were identified [4].
For validation purposes, it was possible to obtain copy
of the medical records for 17 of these cases. All these
cases had lived at some moment of their lives in Sibaté.
A panel of 5 physicians from Fundacién Santa Fe de
Bogot4 (i.e., 3 pathologists, a thoracic surgeon, and a
radiologist), and a pathologist from the University of
Rome La Sapienza examined the medical records fol-
lowing the guidelines of the Italian Mesothelioma
Registry (ReNaM), and classified 15 cases as Certain
Malignant Pleural Mesothelioma (MPM), one as Prob-
able, and one as Not Mesothelioma [4]. Thirteen of the
certain MPM cases were diagnosed between 2008 and
2017, and only two had experienced some type of past
professional exposure. The young age of diagnosis was a
unique and concerning characteristic, Ramos-Bonilla et
al., 2019 [4]. Among these 13 MPM cases, 9 were diag-
nosed while living in Sibaté. Based on these 9 cases, the
age-standardized MPM incidence rate for Sibaté is 3.1
x 105 persons-year for males, and 1.6 x 10> persons-year
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for females. Both figures are among the highest in the
world compared to those reported by IARC [4].

Regarding potential sources of asbestos exposure, a
soil sampling campaign was conducted in areas identi-
fied as potential landfilled zones. In three of the four
points where soil samples were collected, an under-
ground layer of friable asbestos was identified, at a depth
ranging between 35 and 110 cm. It is estimated that the
landfills were created between 1975 and 1990 [4]. On
top of landfilled zones, a public school and sports fa-
cilities were built. The history, extension, and frontiers
of this asbestos layer require further investigation. The
evidence suggests that a cluster of MPM is present in
Sibaté. It is urgent to elaborate a risk management plan
for the town, including procedures for conducting exca-
vations that could disrupt the asbestos layer.

When considering the possible contribution of the
publication of the Sibaté study on the ongoing pro-
cess of transition of the Colombian economy towards a
model of economic development that does not require
the use of asbestos, some comments are warranted.
First of all, an economic model subsuming the pres-
ence of asbestos is economically viable for industry only
if it does not imply recognition and quantification of
environmental, health and social costs. Once the lat-
ter are estimated, the economic “convenience” of as-
bestos used is severely challenged. This was originally
understood by the Nordic countries in Europe, namely
by Sweden, when the use of asbestos was prohibited in
1982 (see for a historical reconstruction of that event
the paper by Jarvholm and Burdorf, 2015 [10]). In a
few words, in the mid Seventies the available scientific
evidence was sufficient for understanding that the use
of asbestos was simply not sustainable in a society that
would not ignore its costs in terms of health impact and
environmental cleanup.

Other countries, like Italy, did not reach this decision
so timely as the Nordic countries. The Act that intro-
duced the prohibition of the industrial use of asbestos
came in 1992, after a long political debate, and, surpris-
ingly enough, there was a peak of asbestos consump-
tion in the last decade before the ban [11, 12]. This
is believed to be the reason why we still experience an
increasing rate of mesothelioma mortality in the Italian
male population [13].

Even if the political decision to terminate asbestos
use was not so timely and sharp, it reflected a societal
change of perception about the sustainability of as-
bestos use, including the rejection of the false theory
of its “safe use”. A major contribution to this shift of
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Abstract
Additive manufacturing (AM) presents unique opportunities for medical applications
and in particular in maxillofacial surgery for developing patient specific implants. The
quality assessment of additive manufactured products is an essential aspect for the real
introduction in health services. In this framework, the purpose of the present study is to
investigate the possibility of developing prototypes of mandibular plates as preoperative
surgical planning models, by verification of design, analysis of internal structure integrity
and evaluation of the effects of variables involved in AM processes. A PolyJet three-
dimensional (3D) printing system is used in the study due to its very fine resolution.
The computer aided design (CAD) models of the implants were converted to stereo-
lithography (STL) file formats in different STL conversion resolutions and then printed
using commercial prototyping polymers to observe the effect of model resolution. Finite
element analysis (FEA) was conducted to study the capability of the designed man-
dibular plate to support the involved biomechanical loads. Micro-computed tomography
(micro-CT) analysis was performed to verify the dimensions and the internal defects of
the printed objects, considering that the presence of defects can affect the quality and
compromise the final performance. Results were analyzed to understand the effect of
the 3D printing process flow conditions on the obtained prototypes. Relative error in
reference to the CAD models mainly evidenced the difference in resolution due to STL
files and the effect of the design. No anomalies and defects were detected inside the
evaluated samples.

Key words

additive manufacturing
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mandibular plate
maxillofacial surgery

INTRODUCTION

Healthcare innovations require a great attention in
the assessment of all the aspects related to the quality
of devices and applications in order to consider the in-
troduction in health services.

Maxillofacial surgery (MFS) includes a series of dif-
ferent subfields, such as craniofacial corrective surgery,
orthognathic surgery, maxillofacial trauma, reconstruc-
tive surgery and maxillofacial oncological surgery [1, 2].
In general, the main aim of MFS surgery is to restore the
normal anatomical structure and function after a trau-
ma, an oncological resection or a facial malformation.

As evidenced by some authors [3-5], 20-42% of all
facial bone trauma are mandibular fractures. Indeed,
many studies have been carried out to investigate the
efficacy of different techniques in the treatment of man-

dibular defects and fractures [6], proposing mandibular
plates as osteosynthesis devices for the stabilization,
reconstruction and rigid fixation of cranio-maxillofacial
fractures. Different types of reconstructive plates and
screws, usually manufactured by traditional processes,
and mainly made of metallic alloys, have been proposed
and compared [6-8], also considering systems with mul-
tidirectional screw placement [5]. However, it has to be
taken into account that the reconstruction of mandibu-
lar defects has to restore not only facial aesthetic form
but also functions of speech and mastication [9, 10].
Moreover, the main benefits in the use of reconstruc-
tion systems are achieved by a right choice of the de-
vice in terms of geometry, thickness, and dimensions,
fitting the specific clinical patient conditions that, in the
case of mandibular applications, can be various and not
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always respected using series-manufactured products.
Consequently, some devices have to be adjusted dur-
ing implantation by surgery manipulation in order to fit
the clinical case and/or the fracture position. This step
introduces critical aspects and high risk factors that are,
in some cases, correlated only to the surgeon experi-
ence and, thus, difficult to control and improve.

For these reasons, the use of computer-aided design/
computer-aided manufacturing (CAD/CAM) method,
which includes virtual surgical planning and rapid-proto-
typing procedures for the design and manufacture of the
customized surgical devices [11, 12], is gaining a lot of
attention, presenting great applicability in MFS sector.
This type of approaches changes, in some cases com-
pletely, the surgeons’ method to work, hospital processes
in the management of a patient, and clinical procedures.
It could represent a change from large-scale centralized
production to local production models, saving shipping
time by allowing production at the site of use.

In particular, additive manufacturing (AM), also
called 3D printing [13], presents several applications
in surgery, primarily in maxillofacial sector (50%), to
produce anatomic models (71.5%), surgical guides
(25.3%), and implants (9.5%) [14]. The production
of mandible preoperative models by AM, to simulate
reconstruction plates prior to mandibular resection or
to better visualize the effect of surgery operation, was
found to be a useful technique [15]. Indeed, the use
of mandible models allows reducing the operating time
[16] and improving the esthetic outcome with respect
to conventional mandibular reconstruction [17]. Most
of the preoperative approaches consider only the cre-
ation of mandible model by rapid prototyping in order
to determine the pre-bending and the position of serial
reconstruction plates [17-19]. At the same time, cus-
tom designed implants are becoming the best option for
reconstruction of craniofacial defects [20]. The combi-
nation of mandible models and custom reconstructive
plates, also designed using the original external cortical
bone, results promising to simulate surgery with respect
to conventional methods [12, 21].

The cost of CAD/CAM method for mandibular re-
construction is recovered by gains in terms of surgical
time, quality of reconstruction, and reduced complica-
tions [22]. Indeed, Resnick et al. [23] evidenced that
virtual surgical planning and 3D printing of surgical
splints are becoming the standard of care for orthogna-
thic surgery and this option is less expensive than stan-
dard planning.

AM could have the potential to allow the realization
of patient-matched or specific custom made implant-
able devices, based on patient anatomy and pathology,
but respecting all quality and regulatory aspects, usually
checked for traditional medical devices. At the state of
art, it is a good solution for preoperative models, useful
in the validation phase of new designs in short time,
to optimize the device design also adapting it to the
patient anatomy. Imaging devices are providing new ca-
pabilities to the AM industry by converting the image
stacks into solid models that can be used for implant or
device production [13, 24]. Moreover, worldwide, the
sale of AM products and services is expected to grow

rapidly and the industry is forecasted to be worth over
$ 6 billion by 2019 [25]. When hospitals and health-
care systems will start to include reimbursement for 3D
printing performed in clinical context for patients, it
will be probably an explosion of applications by health-
care professionals. Thus, it is necessary to assess the
products, in particular for the adoption in public health
systems.

A current limitation for AM is that the methodology
for the assessment of additive manufactured products
is not well defined. This aspect is relevant for the manu-
factures, for the assessors but also for considering the
introduction of 3D printing services and products in
healthcare systems. Various aspects should be consid-
ered in the quality assessment: the design of the CAD
model, the quality of representation of the original
model by the STL files [26], the direction of printing
[26, 27], the selection of the printer and the printing
material. Thus, the accuracy [28], the repeatability and
the reproducibility for additive manufactured products
represent critical aspects that need to be investigated
in details.

In this context and considering the potential impact
of AM in MFS, the purpose of the present study was to
investigate the appropriateness of a PolyJet system in
developing mandibular plates prototypes mainly usable
during the design validation phase and as preoperative
surgical planning models. PolyJet has one of the finest
resolutions among the current commercial 3D printers
and is capable of producing application-ready parts.

The present study includes the design of selected
models by CAD, the realization of them by AM Poly-
Jet system using two different commercial materials
(i.e. Stratasys VeroBlue (VB) and Stratasys VeroClear
(VC)). Finite element analysis (FEA) and micro-
computed tomography (micro-CT) analyses were per-
formed to verify the appropriateness of the design. FEA
was carried out to verify the capability of the designed
mandibular plates to support the involved biomechani-
cal loads and the micro-CT to measure the actual di-
mensions and to capture the internal structure of the
printed objects. Design modifications were elaborated
in order to evaluate possible improvement in the accu-
racy and resolution of 3D printed objects, taking into
account that steps such as converting CAD models to
STL format cause loss in information and affect the fi-
nal product quality.

METHODS
Mandibular plate models: design and FEA

A plate model for medial and lateral fixation (L-shape,
dimensions 22x10 mm?, Modell) was designed using
Solidworks 2016. Dimensions and geometry were de-
fined considering many commercially available devices
usually applied in MFS for mandibular reconstruction
[29]. A second design (Model2) was created properly
modifying Modell, in order to verify the possibility to
improve curved printed surfaces (Figure 1). Figure 1 il-
lustrates the CAD models, where the main differences
are localized in the critical sections that are marked as
A, B and C (see also Figure 2). Modell has smaller sec-
tions than those in Model2 (relative difference of about
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22

CAD models with dimensions in mm: a) Model1, b) Model2. A, B and C indicate the critical sections which differ between Model1

a)
Figure 1
and Model2.
H4
C
5 ' IEElES
B
HESY
H2
Figure 2

Printing orientations (D1, D2, D3) and points of interests (A, B,
C, H1, H2, H3 and H4) marked on the left plate model.

10% in A and 16% in B). The external edges in A and
C sections were designed with a difference in curvature
angles of about 2°-3° in A and 3.5°-4° in C. Model2 has
more straight edges in the critical sections, particularly
in C. Two STL files were exported with different resolu-
tions — “Fine” and “Coarse” — for each design, in order to
analyze possible modifications in printed objects based
on the STL file resolution. “Fine” and “Coarse” are two
preset options in SolidWorks software for exporting files
to STL format, although higher resolution is possible
by using “Custom” settings. The Fine model has higher
number of polygons, about 50% more that the Coarse
one: Modell-fine has 1212 polygons; Model2-fine has
1144 polygons. Static mechanical simulations were
performed by ANSYS — Mechanical. The objects were
designed as prototypes for design validation and with
a possible application in preoperative surgical planning
on mandible models. Therefore, the simulated entity of
loading was defined considering the application in a nor-

mal mandible under physiological occlusal loading [30-
32]. Different types of meshing were implemented with
particular attention to the area close to the plate holes.
The meshing with fine parameters was selected for cur-
vature (Model2; 2136 elements, 12056 nodes) and the
considered loading and constraints conditions were:

- Loading-casel: force of 100 N, compression loads on

plate upper surface; plate back surface fixed.

- Loading-case2: force of 100 N, compression loads on

screws positions; plate back surface fixed (Figure 3).
- Loading-case3: displacement of 10 mm/min in the

middle area (edge) of the upper surface [33]; end of

plate back surfaces fixed.

The material properties considered in simulations
were: Young Modulus: 2500 MPa, density: 1.18 g/cms
and tensile strength: 60 MPa, which were obtained from
the datasheets of the commercial materials selected for
the mandibular plates printing, i.e. Stratasys VeroBlue
(VB) and Stratasys VeroClear (VC).

3D Printing process and materials

A Stratasys Object30 Pro PolyJet system was used to
print the developed models. Two different commercial
materials, i.e. VB and VC, were employed [34]. The
printer has a declared resolution of 600 dpi along X-
and Y-axes and 900 dpi along Z-axis and an accuracy
of 0.1 mm with a minimum layer thickness of 16 pm
for the VC material and of 28 pm for other commercial
materials.

VB was used only for Modell, whereas VC, with
glossy surface refinement, was used for both models.
Three different printing directions were considered, i.e.
D1, D2 and D3 (Figure 2) in a preliminary evaluation to
define the optimal printing orientation.

Micro-computed tomograpby analysis

3D micro-CT scans were performed using the Sky-
scan 1172, a high-resolution scanner.

The objects analyzed in this study were acquired by
oversize scansions due to the length of the samples. The
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Figure 3
FEA Loading-case2, Model2.

main acquisition parameters were the following ones:
source voltage 44 kV, source current 222 pA, image pixel
size 12 pm, rotation step 0.3° for the objects printed with
VC material. For Modell printed by VB, the parameters
are 47 kV, 212 pA, 13.6 pm, 0.4° ; 44 kV, 222 1A, 5 pm,
0.1° for the Coarse and the Fine models, respectively.
For all acquisitions, no filter was used. A dedicated soft-
ware, SkyScan NRecon, was used to reconstruct the
cross section images (slices) of the objects. The slices
were evaluated by the software Skyscan CT-Analyser to
obtain the 3D models and morphometric parameters.
The volume rendering program, Skyscan CTvox, was
used to display the 3D object from reconstructed slices.

RESULTS

First, the geometry of the designed models of man-
dibular plates (Modell and Model2) was optimized
to avoid stress concentrations and ensure the unifor-
mity of stress distribution by performing simulations

by FEA. In particular, the applicability of the designed
plates as prototypes to be used in preoperative surgical
planning on mandible models was evaluated, consider-
ing loading and constraints conditions related to a nor-
mal mandible under physiological occlusal loading. The
considered different loading cases underline the main
conditions to investigate the plate models resistance, in
particular around holes that have to fit screws.

In Figure 3 and Figure 4, FEA results related to the
loading-case2 (compression on screws positions, Figure
3) for Modell and Model2 are reported, respectively.
The stress distribution and deformation are similar for
both designs, in all the considered loading cases, and
only those obtained for Model2 are reported in Table
1, where the maximum values of von Mises stress, prin-
cipal stress, shear stress and the total deformation are
compared for the three different loading cases. The
magnitude of stress is appropriate for the PolyJet mate-
rial used in printing the specimens. Loads applied in
loading-case2 (compression on screws positions) create
stress concentration around holes. Figure 4 shows total
deformation in Modell and von Mises stress in Mod-
el2, for loading-case2. Loading-case3 (displacement in
the middle area of the plate upper surface) is useful to
investigate the stress distribution correlated to a dis-
placement applied on the plate, simulating the effect of
the bending test on the plate [33]. Stress concentration
was not observed in the designed models under these
loading conditions. Thus, the designed models and the
considered materials are appropriate to be manufac-
tured by additive manufacturing.

For the manufacturing process, the printing orienta-
tion was investigated in a preliminary evaluation. Three
different printing directions, i.e. D1, D2 and D3 (Fig-
ure 2), were considered in order to identify the optimal
one. D2 and D3 configurations resulted inappropriate
for this type of geometry, for several reasons: it was nec-
essary to use a great amount of support to print the
objects; the objects presented some discontinuities due
to the support material; the time necessary in printing

A: Model, Static Structural
Figure

Type: Total Deformation
Unit: mm

Time: 1

Max: 0.023543

Min: 0

. 0.023543
0.020928

‘ 0018312
0.015696
0.01308
0.010464
0.0078478
0.0052319
0.0026159
0

0.000 (mm)

a) 2,500 7,500

A: Model, Static Structural
Figure

Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 1

118.66

. 105.49

‘ 92.307
79.13
65.952
52774
39.596
26419
13.241
0.062968

-]

0,000 5000 0.000 (mm)
—
b) 2500 7,500

Figure 4

Loading-case2: a) Model1 - Total deformation; b) Model2 — von Mises stress.
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. Table 1
Finite element analysis (FEA) results for Model2
. FEA Model2
Loading Max. von Mises stress Max. principal stress Max. shear stress Total deformation
case (MPa) (MPa) (MPa) (mm)
Casel 1.8 0.2 1.0 0.0006
Case2 1186 130.8 64.1 0.0235
Case3 29.7 411 153 0.1704

n|||u||.u|||||||n
cm 1 2 3 4
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~|||||||||||||||‘|m
‘cm 1 2 3 4
£

b)

Figure 5

Models printed for STL Fine, configuration D1: a) Model1, b) Model2.

was about twice that required in the D1 configuration.
Thus, in the study only the models printed in D1 con-
figuration (Figure 2), where the object is printed flat on
the 3D printer build plate, are discussed.

Modell was first printed using Coarse and Fine STL
files and VB material in printing direction D1. It was
observed that the dimensions of the part at the backside
were not accurate as the front side. The same Modell
printed with VC material, that has a specified printing
resolution better than VB, did not present this problem
at the back surface when printed in the same configura-
tion. As an example, Figure 5 shows Modell and Mod-
el2 prototypes printed with STL Fine and configuration
D1, using VC material, evidencing the respect of the
designed shape and dimensions.

In order to evaluate the printing quality, the obtained
dimensions were measured on models reconstructed by
micro-CT analysis at points of interest marked in Figure
2 (H1, H2, H3 and H4), as well as the object thickness.
A representative set of micro-CT images is shown in
Figure 6, where slices reconstructed by micro-CT in the
area of the hole H3 for Modell_VB, and in the B-area
for Model2_VC are reported. The entire object (Mod-
ell1_VCQ) is reconstructed in Figure 6¢ for measurement.
The graph in Figure 7 shows the relative error calculated
in reference to CAD models’ dimensions (three repeti-
tions to consider spatial snap resolution) obtained by
software measurements.

Morphological 3D analysis of printed samples was
performed in reference to the selection, B-volume, for

Figure 6

Micro-CT analysis: a) Model1_VeroBlue, H3 selection; b) Model2_VeroClear, B-selection; ¢) Model1_VeroClear reconstructed.
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Figure 7

Relative error percent in points of interests for Model1 and Model2, Fine and Coarse, materials VB and VC; reference CAD dimensions.

a number of reconstructed layers equivalent to a dis-
tance in z of 0.360 mm (Figure 2). Table 2 reports the
morphological data for the samples printed by using VC
material. In the analyzed models, the enclosed poros-
ity is not observed and it well represents the uniformity
of PolyJet material, whereas the surface porosity values
are mainly correlated to the residual support material
around the models that is detectable by micro-CT anal-
ysis. The structural thickness values were comparable,
demonstrating the uniformity of the structure and the
analysis did not detect voids inside the solid parts.

DISCUSSION

In planning a surgery operation or in developing a
specific device to optimize the medical intervention, it
is necessary to consider the variability introduced by the
use of a technology, e.g. to find if it is possible to repro-
duce the same operation at the same conditions. Thus,
the suitability of an additive manufacturing design soft-
ware and printing system in developing prototypes of
mandibular plates was investigated, by verification of
design, internal structure integrity and evaluation of the
effects of variables involved in AM processes. The used
PolyJet is considered appropriate to also reproduce
anatomic details due to its fine resolution [35, 36] and
is commonly used to develop prototypes and preopera-
tive surgical planning models. It is worthy to underline
that the printing direction influences the result and rep-
resents a quality aspect that has to be controlled, also
requiring different process times. Moreover, this is one
of the aspects that are correlated to cybersecurity chal-
lenges and to the difficulty of defending conventional

intellectual property of AM products [37]. For this rea-
son, three different directions were considered, where
the D1 print orientation resulted in the best quality part
for both investigated models. The directions D2 and D3
showed surface discontinuities in the part.

The preliminary simulations performed in this study
showed that the plate designs, as well as the model ma-
terials properties, can be considered appropriate for the
realization of mandibular plates prototypes (Figure 3
and Figure 4, Table 1). Indeed, FEA is a useful method
to predict properties of 3D printed objects in reference
to design and materials [38].

Micro-CT analysis was carried out to verify the inter-
nal structure of the printed objects and the accuracy of
the designed geometry. Micro-CT is considered as one
of the major tools for the product quality assessment
and for the quality control of AM products and materi-
als [39]. In fact, the FDA in the guidance about tech-
nical considerations for additive manufactured medical
devices [40] indicates micro-CT as appropriate method-
ology for the verification of geometry, morphology, and
some performance characteristics of printed products.

The micro-CT results obtained for the investigated
specimens showed no anomalies or defects inside the
printed objects for both the materials (VB and VC)
used for printing (Figure 6). However, a different cur-
vature along edges was recognized around holes of the
objects printed with VB material. For the same mate-
rial, the printed plates presented an amount of residual
support that affects the dimensional measurements ob-
tained by micro-CT because the support was made of
the VB material as the plate.

-I{/Tc:arl:hilogical 3D Analysis, Volume-B (Az = 0.360 mm) for Model1 and Model2 printed with VeroClear material
Model Object volume Structural thickness Closed IE)orosity Open |;;orosity
a op
(mm3) (mm) (%) (%)
Model1_fine 0.922 0372 0.0000 45.26
Model2_fine_r1 1.148 0.367 0.0000 26.70
Model2_fine_r2 1.130 0370 0.0001 5239
Model2_coarse 1.083 0371 0.0000 80.36
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Morphological 3D analysis performed for the printed
objects allowed to investigate their internal structure
and to identify possible defects. The distribution of the
used material during the printing process was uniform
in all printed samples. The micro-CT analysis showed
that for the designed models the critical aspect is cor-
related to respect the flat upper surface. Indeed, for the
Modell printed with VB the flat upper surface present-
ed a curvature not included in the design, but due to
the material deposition during printing. By using VC
material, this aspect was less evident even if present.
The use of VC instead of VB improved the back surface
of the objects and it allowed obtaining a surface as well-
defined, accurate and smooth as the upper one. Thus,
the used PolyJet materials seem to be similar in resolu-
tion, considering Modell printed with both materials
and STL Fine.

Misalignment due to the position of samples during
the acquisition by micro-CT could affect dimensional
measures, even if the possible error is minimal. For
this reason, during reconstruction, care was taken to
limit this effect. Besides this limitation, measurements
checked by DataViewer software are representative and
useful to investigate the accuracy of printed objects and
the conformity to the designed CAD models.

The difference in accuracy between STL files was
more evident for the Model2_VC. As shown in Fig-
ure 7, the difference was greater around holes with a
maximum value of error of about 3% in H2, whereas it
was less evident for Modell_VB. In general, the rela-
tive dimensional error reaches a maximum value of
-3.36% in H2 for Model2_coarse_VC and 2.98% in C
for Modell_fine_VB. The negative value means that the
hole of the printed object is smaller than the designed
dimension. For this kind of object design, characterized
by curvatures, the major complexity is associated with
dimensions and shapes of holes designed for precision
fit with screws. In the evaluation of the error value, re-
sidual amount of the support material needs to be ac-
counted for because it could be included in the obtained
measurements due to its similar gray value to the object
material. Minimum relative errors, i.e. 0.02% and 0.03
9%, were obtained at the hole H1 for Modell_fine_VB
and for Model2_fine_VC, respectively.

By the analysis of dimensions in the sections A and
C, where the curvature was modified, it is possible to
underline the improvement in design from Modell
to Model2. In Model2, these sections resulted with a
relative error less than that revealed in Modell, with a
maximum in C, where for Modell_fine_VC the relative
error was 2.65% and for Model2_fine_VC the relative
error was 0.78%. At these locations, the improvement
in designs was more effective.

The thickness of the models was well preserved on the
average and presented the maximum relative error in
the Modell_coarse_VB (i.e. -2.46%) and the minimum
value in Modell_fine_VC (i.e. -0.47%). The thickness
of Modell specimens resulted in general smaller than
the designed thickness, vice versa for Model2 (Figure
7). A similar trend is detected for the holes dimensions
that resulted smaller than the designed dimensions and
vice versa for the sections A, B, C. The length resulted

with an average relative error of 0.6%, considering all
printed objects.

Finally, the repeatability of print quality of the objects
is an aspect that requires more investigation. In tests
conducted for Model2, i.e. a repetition of the STL Fine
analyzed in direction D1 (Model2_fine_rl, Model2_
fine_r2), it was noted that there are dimensional and
morphological differences in printed objects correlated
to the same model and printed at the same time, in the
same conditions (Table 2). Further investigations are
required to quantify the uncertainty in printing an ob-
ject multiple times using the same printer and printing
conditions.

All of the aspects underlined and discussed in this
paper are relevant in considering the feasibility of us-
ing AM for the realization of prototypes, to perform a
verification of a design and in particular to use printed
objects in a medical context, also only in a preoperative
surgical step.

CONCLUSIONS

In this study, two CAD models of a specific mandibu-
lar plate design were printed by an additive manufactur-
ing system using two different materials to investigate
the appropriateness of the AM technique in developing
prototypes of mandibular plates for the validation of
new designs and potentially as components in preop-
erative surgical planning models. The obtained design,
the internal structure integrity and the effects of some
AM process variables were investigated.

No anomalies and defects inside the printed samples
structure were identified by micro-CT scanning for all
models and both materials used. The shape of the mod-
els was well preserved and the surface of the specimens
resulted in uniform finish, particularly in the case of VC
material. Relative errors in reference to the CAD mod-
els obtained for all models showed in particular the dif-
ference in resolution due to STL files and the effect of
the design. The micro-CT analysis showed that a critical
aspect is to preserve the flat upper surface of the de-
signed models.

Thus, this study demonstrates the feasibility to use
AM for the realization of mandibular plates’ proto-
types, and preoperative surgical planning models, by
identification of dimensional errors, material defects,
the model that best fits the initial geometry designed
and the effects of printing parameters that can compro-
mise the use of 3D printed products.

The quality assessment of additive manufactured
products is essential for medical applications. The
methodology used for the assessment is applicable to
others surgical planning models, to the manufacturers
of custom-made devices and in general to assess addi-
tive manufactured medical applications in health ser-
vices and national healthcare systems.

Acknowledgements

The first Author acknowledges the New York Univer-
sity for the hospitality during her period of visit when
this work was performed, the MAE Department and
NYU MakerSpace at NYU Tandon School of Engineer-
ing for providing facilities and support for this study.



ADDITIVE MANUFACTURING FOR MAXILLOFACIAL SURGERY

: DESIGN AND ACCURACY ASSESSMENT

Conflict of interest statement
None declared.

Funding
None.

REFERENCES

10.

11.

12.

13.

Borghi A, Rodriguez-Florez N, Rodgers W, James G,
Hayward R, Dunaway D, et al. Spring assisted cranio-
plasty. A patient specific computational model. Med Eng
Phys. 2018;53:58-65. doi: 10.1016/j.medengphy.2018.
01.001

Tarsitano A, Battaglia S, Ramieri V, Cascone P, Ciocca
L, Scotti R, et al. Short-term outcomes of mandibular re-
construction in oncological patients using a CAD/CAM
prosthesis including a condyle supporting a fibular free
flap. J Cranio-Maxillofacial Surg. 2017;45:330-7. doi:
10.1016/j.jcms.2016.12.006

Boffano P, Roccia F, Zavattero E, Dediol E, Uglesi¢ V,
Kovadi¢ Z, et al. European Maxillofacial Trauma (EUR-
MAT) project. A multicentre and prospective study. ]
Cranio-Maxillofacial Surg. 2015;43:62-70. doi: 10.1016/j.
jems.2014.10.011

Schneider D, Kammerer PW, Schén G, Dinu C, Radloff S,
Bschorer R. Etiology and injury patterns of maxillofacial
fractures from the years 2010 to 2013 in Mecklenburg-
Western Pomerania, Germany. A retrospective study of
409 patients. ] Cranio-Maxillofacial Surg. 2015;43:1948-
51. doi: 10.1016/j.jcms.2015.06.028

Zimmermann C, Henningsen A, Henkel KO, Klatt J,
Jirgens C, Seide K, et al. Biomechanical comparison
of a multidirectional locking plate and conventional
plates for the osteosynthesis of mandibular angle frac-
tures. A preliminary study. ] Cranio-Maxillofacial Surg.
2017;45:1913-20. doi: 10.1016/j.jcms.2017.05.020
Wusiman P, Yarbag A, Wurouzi G, Mijiti A, Moming
A. Three dimensional versus standard miniplate fixation
in management of mandibular fractures: A systematic
review and meta-analysis. ] Cranio-Maxillofacial Surg.
2016;44:1646-54. doi: 10.1016/j.jcms.2016.07.027
Schwam ZG, Chang MT, Barnes MA, Paskhover B. Ap-
plications of three-dimensional printing in facial plastic
surgery. ] Oral Maxillofac Surg. 2015:1-2. doi: 10.1016/.
joms.2015.10.016

Narayanan G, Vernekar VN, Kuyinu EL, Laurencin
CT. Poly (lactic acid)-based biomaterials for ortho-
paedic regenerative engineering. Adv Drug Deliv Rev.
2016;107:247-76. doi: 10.1016/j.addr.2016.04.015
Dawood A, Marti BM, Sauret-Jackson V, Darwood A. 3D
printing in dentistry. Bdj. 2015;219:521-9. doi: 10.1038/
5.bdj.2015.914

Choi JW, Kim N. Clinical application of three-dimension-
al printing technology in craniofacial plastic surgery. Arch
Plast Surg. 2015;42:267-77.

Singare S, Dichen L, Bingheng L, Yanpu L, Zhenyu G,
Yaxiong L. Design and fabrication of custom mandible
titanium tray based on rapid prototyping. Med Eng Phys.
2004;26:671-6. doi: 10.1016/j.medengphy.2004.06.001
Ciocca L, Mazzoni S, Fantini M, Persiani F, Marchetti
C, Scotti R. CAD/CAM guided secondary mandibular
reconstruction of a discontinuity defect after ablative
cancer surgery. ] Cranio-Maxillofacial Surg. 2012. doi:
10.1016/j.jcms.2012.03.015

Chepelev L, Giannopoulos A, Tang A, Mitsouras D, Ry-
bicki FJ. Medical 3D printing: methods to standardize

Ethical approval
Not required.

Received on 16 July 2019.
Accepted on 17 October 2019.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

terminology and report trends. 3D Print Med. 2017;3:4.
doi: 10.1186/s41205-017-0012-5

Martelli N, Serrano C, Van Den Brink H, Pineau J,
Prognon P, Borget I, et al. Advantages and disadvan-
tages of 3-dimensional printing in surgery: A system-
atic review. Surgery. 2016;159:1485-500. doi: 10.1016/j.
surg.2015.12.017

Cohen A, Laviv A, Berman P, Nashef R, Abu-Tair J. Man-
dibular reconstruction using stereolithographic 3-dimen-
sional printing modeling technology. Oral Surgery, Oral
Med Oral Pathol Oral Radiol Endodontol. 2009;108:661-
6. doi: 10.1016/j.triple0.2009.05.023

Lethaus B, Poort L, Béckmann R, Smeets R, Tolba R,
Kessler P. Additive manufacturing for microvascular
reconstruction of the mandible in 20 patients. J Cra-
nio-Maxillofacial Surg. 2012;40:43-6. doi: 10.1016/.
jems.2011.01.007

Azuma M, Yanagawa T, Ishibashi-Kanno N, Uchida F,
Ito T, Yamagata K, et al. Mandibular reconstruction us-
ing plates prebent to fit rapid prototyping 3-dimensional
printing models ameliorates contour deformity. Head
Face Med. 2014;10:45. doi: 10.1186/1746-160X-10-45
Gil RS, Roig AM, Obispo CA, Morla A, Pages CM, Per-
ez JL. Surgical planning and microvascular reconstruction
of the mandible with a fibular flap using computer-aided
design, rapid prototype modelling, and precontoured tita-
nium reconstruction plates: A prospective study. Br J Oral
Maxillofac Surg. 2015. doi: 10.1016/j.bjoms.2014.09.015
Li P, Tang W, Liao C, Tan P, Zhang ], Tian W. Clinical
evaluation of computer-assisted surgical technique in
the treatment of comminuted mandibular fractures. ]
Oral Maxillofac Surg Med Pathol. 2015;27:332-6. doi:
10.1016/j.ajoms.2014.04.007

Parthasarathy J. 3D modeling, custom implants and its
future perspectives in craniofacial surgery. Ann Maxillo-
fac Surg. 2014;4:9-18. doi: 10.4103/2231-0746.133065
Ciocca L, Marchetti C, Mazzoni S, Baldissara P, Gatto
MRA, Cipriani R, et al. Accuracy of fibular sectioning
and insertion into a rapid-prototyped bone plate, for
mandibular reconstruction using CAD-CAM technol-
ogy. ] Cranio-Maxillofacial Surg. 2015. doi: 10.1016/;.
jems.2014.10.005

Tarsitano A, Battaglia S, Crimi S, Ciocca L, Scotti R,
Marchetti C. Is a computer-assisted design and com-
puter-assisted manufacturing method for mandibular re-
construction economically viable? J Cranio-Maxillofacial
Surg. 2016. doi: 10.1016/j.jcms.2016.04.003.

Resnick CM, Inverso G, Wrzosek M, Padwa BL, Kaban
LB, Peacock ZS. Is there a difference in cost between
standard and virtual surgical planning for orthognathic
surgery? | Oral Maxillofac Surg. 2016;74:1827-33. doi:
10.1016/j.joms.2016.03.035

Rengier F, Mehndiratta A, Von Tengg-Kobligk H, Zech-
mann CM, Unterhinninghofen R, Kauczor HU, et al. 3D
printing based on imaging data: Review of medical appli-
cations. Int ] Comput Assist Radiol Surg. 2010;5:335-41.
doi: 10.1007/s11548-010-0476-x

Kietzmann J, Pitt L, Berthon P. Disruptions, decisions,

—_
~

ORIGINAL ARTICLES AND REVIEWS . . -



Ilaria Campioni, Ilaria Cacciotti and Nikhil Gupta

26.

27.

28.

29.

30.

31.

32.

and destinations. Enter the age of 3-D printing and ad-
ditive manufacturing. Bus Horiz. 2015;58:209-15. doi:
10.1016/j.bushor.2014.11.005

Zeltmann SE, Gupta N, Tsoutsos NG, Maniatakos M,
Rajendran J, Karri R. Manufacturing and security chal-
lenges in 3D printing. Jom. 2016. doi: 10.1007/s11837-
016-1937-7

Bagsik A, Schéoppner V. Mechanical properties of fused
deposition modeling parts manufactured with ULTEM
9085. Proc. ANTEC (Vol. 2011) 2011:1294-8.

Salmi M, Paloheimo KS, Tuomi J, Wolff J, Mikitie A. Ac-
curacy of medical models made by additive manufactur-
ing (rapid manufacturing). ] Cranio-Maxillofacial Surg.
2013;41:603-9. doi: 10.1016/j.jcms.2012.11.041
Kakarala K, Shnayder Y, Tsue TT, Girod DA. Mandibu-
lar reconstruction. Oral Oncol. 2018. doi: 10.1016/j.
oraloncology.2017.12.020

Vajgel A, Camargo IB, Willmersdorf RB, de Melo TM,
Filho JRL, de Holanda Vasconcellos RJ. Comparative
finite element analysis of the biomechanical stability of
2.0 Fixation plates in atrophic mandibular fractures. J
Oral Maxillofac Surg. 2013;71:335-42. doi: 10.1016/j.
joms.2012.09.019

Grohmann I, Raith S, Miicke T, Stimmer H, Rohleder
N, Kesting MR, et al. Biomechanical loading test on re-
constructed mandibles with fibular, iliac crest or scapula
graft: A comparative study. Br J Oral Maxillofac Surg.
2015;53:741-7. doi: 10.1016/j.bjoms.2015.05.022

Wang R, Liu Y, Wang JH, Baur DA. Effect of interfrag-
mentary gap on the mechanical behavior of mandibular
angle fracture with three fixation designs: a finite element
analysis. ] Plast Reconstr Aesthetic Surg. 2017;70:360-9.

33.

34.

35.

36.

37.

38.

39.

40.

doi: 10.1016/j.bjps.2016.10.026

Shikinami Y, Okuno M. Bioresorbable devices made of
forged composites of hydroxyapatite (HA) particles and
poly L-lactide (PLLA). Part II: Practical properties of
miniscrews and miniplates. Biomaterials. 2001;22:3197-
211. doi: 10.1016/S0142-9612(01)00072-2

Moore JP, Williams CB. Fatigue properties of parts
printed by PolyJet material jetting. Rapid Prototyp J.
2015;21:675-85. doi: 10.1108/RPJ-03-2014-0031
Ibrahim D, Broilo TL, Heitz C, de Oliveira MG, de
Oliveira HW, Nobre SMW, et al. Dimensional error of
selective laser sintering, three-dimensional printing and
PolyJet™ models in the reproduction of mandibular anat-
omy. ] Cranio-Maxillofacial Surg. 2009. doi: 10.1016/.
jcms.2008.10.008

Birbara NS, Otton JM, Pather N. 3D Modelling and
printing technology to produce patient-specific 3D mod-
els. Hear Lung Circ. 2017. doi: 10.1016/5.h1c.2017.10.017
Yampolskiy M, Skjellum A, Kretzschmar M, Overfelt RA,
Sloan KR, Yasinsac A. Using 3D printers as weapons. Int
J Crit Infrastruct Prot. 2016;14:58-71. doi: 10.1016/;.
ijcip.2015.12.004

Iliescu M, Nutu E, Comanescu B. Applied Finite ele-
ment method simulation in 3D printing. Int ] Mathmat-
ics Comput Simul. 2008;2:305-12.

Bibb R, Thompson D, Winder J. Computed tomography
characterisation of additive manufacturing materials.
Med Eng Phys. 2011;33:590-6. doi: 10.1016/j.medeng-
phy.2010.12.015

CDRH-FDA. Technical considerations for additive man-
ufactured medical devices - Guidance for industry and
food and drug administration staff. 2017.



Ann Ist Super Sanita 2020 | Vol. 56, No. 1: 19-29
DOI: 10.4415/ANN_20_01_05

Prevalence and attitudes to HIV testing
among adults visiting public outpatient
clinics in Rome: results of the MeDi
(Measuring health Disparities in HIV
prevention) survey. Part 1

Maria Fenicia Vescio!, Pietro Gallo', Francesca Farchi', Luca Avellis', Teresa Spadeaz,
Massimo Giuliani*, Giovanna Pedone!, Ilario Mammone+, Hyppolite Tchidjou Kuekous,
Giovanni Rezza:, Enrico Girardis, Patrizio Pezzotti:, and the MeDi Study Group*

1Dipartimento di Malattie Infettive, Istituto Superiore di Sanita, Rome, Italy

2Unita di Epidemiologia, Azienda Sanitaria Locale Torino 3 (Asl TO3), Turin, Italy

sDermatologia Allergologica Professionale e Ambientale, Istituto Dermatologico San Gallicano, Rome, Italy
sSocieta Italiana di Psicologia e Psichiatria, Rome, Italy

sImmunoinfettivologia Pediatrica, Dipartimento Pediatrico Universitario-Ospedaliero, Ospedale Pediatrico
Bambino Gest, Rome, Italy

s[stituto Nazionale per le Malattie Infettive, Ospedale Lazzaro Spallanzani, Rome, Italy

*The composition of the MeDi Study Group is reported before the References

Abstract Key words
Background. 1t is estimated that, in Italy, 12 000-18 000 (11-13% of 130 000) HIV- | * HIV
infected subjects are not aware of their serostatus. People in this condition may visit the | * HIV testing
healthcare system multiple times without being diagnosed. If tested on one of these oc- | ® SEP
casions, they could modify their high-risk behaviours and benefit from treatment, factors | © deprivation
that reduce HIV transmission. In Italy, no data on HIV testing in the general population | © Italy

are available so far and little is known on the relationship between socioeconomic deter- |  urban
minants (at individual and neighbourhood levels) and testing uptake.

Methods. A large anonymous survey was performed in 2012-2014 on more than 10 000

individuals 18-59 years old who underwent 21 public ambulatories in Rome to determine

the proportion of subjects tested for HIV and factors related to testing uptake. Subjects’
socio-demographic characteristics, sexual orientation, number of sexual partners, HIV

risk behaviour, HIV testing uptake were collected by a self-administered questionnaire.

Level of area deprivation was measured at the postal code level by the index of social

disadvantage (ISD). Multilevel Poisson regressions were carried out to take heterogene-

ity between clusters (post code and clinics) into account.

Results. Among people participating in the study, 58.1% of subjects self-reported to

have been tested at least once for HIV. Those who had one high risk behaviour for HIV-

infection were 11% more likely to test than those not reporting any, and subjects who

had had a STI (sexually-transmitted-infection) in the past were 12% more likely to test

than those who had not had a STI. However only 44% (54% among subjects aged 18-35

years) of those with self-reported risks of contracting HIV had been tested at least once

in life. This percentage increases, as expected, with the level of education, but, even so,

about 40% of university educated subjects self-reporting risks of contracting HIV had

never undergone an HIV test.

Conclusions. This study highlights that, while the percentage of subjects tested is even

higher than observed in other western nations, only 44% of subjects, self-reporting risks

of contracting HIV, had tested at least once in life and about 40% of university educated

subjects self reporting risks of contracting HIV had never tested.
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BACKGROUND

Anti-retroviral therapy (ART) has resulted in sub-
stantial reductions of HIV/AIDS-related morbidity and
mortality, which allowed not only to achieve but also to
exceed, in 2000, the AIDS targets of Millennium De-
velopment Goal 6 [1]. Building on those achievements,
UNAIDS set the ambitious target of ending the AIDS
epidemic by 2030 [2].

Mathematical modelling suggests that to achieve this
target it is necessary that, by 2020, 90% of people living
with HIV know their status, 90% of people on treat-
ment achieve viral suppression and the number of new
infections is reduced by 75% [2].

Different strategies have been proposed to increase
the proportion of persons living with HIV that are
aware of their status. In the United States, the Centers
for Disease Control and Prevention proposed in 2006
to test all individuals aged 13 to 64 years coming into
contact with the health system, at least once during life
independent from any risk assessment [3]. In Europe,
it has been proposed to test routinely individuals pre-
senting with an “HIV indicator disease” such as infec-
tions that share with HIV a common mode of transmis-
sion (subjects presenting with symptoms indicative of
sexually transmitted infections or with reported high-
risk behaviour) or whose onset is favoured by HIV-
induced immunodeficiency, and any other medical
condition associated with an undiagnosed HIV preva-
lence greater than 0.1% [4, 5]. However, the European
MSM Internet Survey, found that in a sample of Italian
men who had had sex with another man (MSM) in the
last year, 28.9% had never tested for HIV [6]. A Euro-
pean pilot study conducted in 2010, which analysed,
among others also Italian data, found that only 56.3%
of subjects with STI had tested for HIV at least once
lifetime [7], despite most of them being likely to see a
doctor years before the diagnosis of HIV. Furthermore,
a study carried out in 2011, found that only 37.4% of
injecting drug users had tested for HIV in the previous
12 months [8].

Health risk behaviour that have an impact on HIV
transmission and health literacy are often socially pat-
terned [9], with low socio-economic position (SEP)
individuals being more likely to engage in high risk
sexual behaviour. Unsurprisingly, low SEP individuals
and families are more likely to concentrate in deprived
neighbourhoods which have also less resources and ser-
vices, so neighbourhoods can thwart individual’s likeli-
hood of HIV testing and compound their disadvantage
beyond personal circumstances [9, 10]. But the effect
of neighbourhood context on testing uptake has re-
ceived little attention in Italy, so far.

We carried out a survey of the general adult popula-
tion living in Rome and accessing some outpatient clin-
ics of the local health units, between January 2012 to
November 2014 to determine the proportion of sub-
jects tested for HIV and factors related to testing up-
take. Specific aims of the survey were: 1) to estimate
the proportion of subjects who underwent HIV testing
in the population living in Rome who attended one of
the outpatient clinics included in the study; 2) to assess
whether the participation in HIV testing varied across

segments of the population defined by categories of
risk for STI; 3) to evaluate the association between par-
ticipation in HIV testing, subjects’ socio-demographic
characteristics and the socioeconomic deprivation of
their area of residence; and 4) to explain geographi-
cal heterogeneity in HIV testing if present. To the best
of our knowledge, no other data on HIV testing in the
general population are available in Italy, so far.

MATERIALS AND METHODS
MeDi (Measuring bealth Disparities in HIV
prevention) survey

The MeDi survey was conducted in 2012-2014 as
part of the Italian Ministry of Health HIV/AIDS proj-
ects to provide baseline information on existing levels of
positive health behaviours and HIV related risk factors,
through a self-completion questionnaire, against which
changes could be monitored.

Setting

The study was carried out within public outpatient
clinics based either in hospitals or local health units to
retrieve a sample as representative as possible of the
general population and at the same time preserve sub-
jects’ privacy.

Sampling strategy

A list containing the number of accesses (medical ex-
aminations, clinical and diagnostic tests) for the outpa-
tient clinics of the local health units (ASL) in the city
of Rome for the year 2009, was made available by the
regional health authority. From this list, clinics provid-
ing only specialistic care or which were located outside
of the metropolitan area were excluded, thus leaving a
total of 81 outpatient clinics. Out of them, 41 were se-
lected and 21 agreed to participate in the study. For
each of them the number of questionnaires to be col-
lected was determined on the basis of the number of
accesses in 2009 to obtain a sample of 20 000 question-
naires (the size of the sample was determined to show
changes in HIV prevalence and enable detailed age, sex
and multi-factor analysis, an objective not addressed in
this paper).

Study population

All men and women, aged 18 to 59 years, resident
in the Roman metropolitan area, attending the select-
ed clinics from January 2012 to November 2014 were
handed in a self-completion questionnaire by ad hoc
trained study personnel (14) present in each clinic at
given scheduled times.

Questionnaire

The MeDi questionnaire was developed by the au-
thors building on previous research (an Italian version
of the questionnaire is contained in the Supplementary
Material available online) [11, 12]. Participants were
asked details about their socio-demographic character-
istics (gender, nationality, age, duration of stay in Rome,
postal code of the area of residence, educational level,
occupation, marital status, duration of stable relation-
ships, health exemption tickets and pregnancy status),
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their sexual orientation, the number of sexual partners
they had had in the last six months, over the past five
years and lifetime and were asked to indicate whether
they had ever been tested for HIV. Those ever tested
were asked to report the number of tests taken and the
year of the testing.

HIV risk behaviour was evaluated by asking subjects
whether they had ever been in one or more situations at
high risk for HIV transmission. Two lists of hypothetical
situations were provided. The first one included: “I have
used injective drugs”, "I have had sex under the effect of
alcohol or drugs”, “I have had anal intercourse without a
condom”, “I have given or received money in exchange
for sex”; the second one included: “I have had multiple
sexual partners over the same period”, “my partner has
had multiple sexual partners over the same period”, “I
have not used a condom during the last intercourse with
a casual partner”, “I have not used a condom during
sexual intercourse with a HIV positive partner”.

Participants were also asked whether they had ever
suffered from chlamydia, gonorrhea, syphilis, herpes
genitalis and genital warts.

Pilot study

The questionnaire and the study procedures were field
tested on the first 300 subjects enrolled in the study to
investigate questions comprehensions/acceptability and
train the 14 field workers (i.e. random call back, check
that the returned data had the required high standards).

Data management and statistical analysis

All questionnaires were registered in ad hoc database
and the dataset was cleaned and ready in December
2016.

Crude, age and gender specific, and age-standardized
percentages of ever having performed HIV testing were
calculated using the 2012 European population provid-
ed by Eurostat as reference [13].

Fisher exact chi square tests were computed to inves-
tigate the association between HIV testing uptake and
possible determinants/predictors variables such as so-
cio-demographic characteristics, sexual behaviour, STI
in the past, and different levels of social disadvantage
in the area where the participant was living (see below
for description). Poisson regression models were used
to produce unbiased prevalence ratios estimates [14]. A
test for linear trend was carried out, if necessary, across
strata of ordinal categorical variables, including them
as “continuous” variables in a Poisson model. Poisson
regressions, with stepwise selection, were carried out
to identify independent predictor variables from those
with a p-value < 0.20 at the univariate analysis.

Within and between clusters (post code and clinics)
variances were investigated using a multilevel frame-
work. Since the variance at the postal code level was not
significant in a null non ~hierarchical multilevel model,
in which subjects simultaneously belonged to outpa-
tient clinics and postcodes of residence, a model with a
random term at the clinic level only was carried out (i).
To this model were added in the following order: indi-
vidual (ii) and contextual level covariates (iii) as identi-
fied with the stepwise procedure, the random slopes for

contextual variables (iv) and the cross level interaction
terms between deprivation and strata of age, sex, sexual
orientation and SEP (v). Only significant effects (from
log-likelihood ratio test) were retained. We assumed
that: outpatient clinics were exchangeable with the re-
maining random sample of outpatient clinics, individu-
als were independent within clusters. Similar analyses
were also carried out excluding people who reported to
have performed HIV-tests only because of pregnancy or
blood donation in order to identify diagnostic testing.
A secondary analysis was carried out to investigate if
uptake of HIV testing in subjects at high risks of con-
tracting HIV varied by age-class, sex, strata of educa-
tional attainment and employment categories. Subjects
reporting at least one risk behaviour and/or had had a
STI in the past were defined as “high risk”; those not
reporting a risk behaviour and/or a STI were considered
“low risk”.

Statistical analyses were carried out in Stata 13 [15].

Index of social disadvantage (ISD) by postal codes
The ISD [16] was used to provide a measure of de-
privation in Rome. This index was developed by the
“Ufficio Metropolitano di Statistica” and the “Ufficio
di Statistica di Roma Capitale” to produce a statistical
report on the Roman metropolitan area and it is ob-
tained by summing the unweighted z-scores for the fol-
lowing census variables: unemployment, employment,
youth concentration and schooling [16]. Since survey
data were measured for postal codes while social depri-
vation indicators collected by the Census Office were
available for census sections and the two geographies
are non-overlapping, the ISD deprivation index was re-
aggregated from census section to postal codes poly-
gons by areal interpolation in “Quantum” GIS (QGIS)
[17]. Postal codes define geographical areas, which
may be potentially heterogeneous in terms of social and
physical characteristics, but divide the city of Rome into
areas of a similar population size (median = 15 977;
iqr = 12 539; 19 393) which means that the analyses
do not concentrate on small population groups and do
not ignore the different experiences of people living in
densely inhabited areas. The ISD was categorized in
quintiles of frequencies (population weighted).

Characteristics of outpatient clinics

Clinics were classified according to whether they were
located within a hospital or not (district facilities) and
to whether the amount of prescriptions provided by all
clinics combined in the year 2009 was above or below
the median as: small size clinics within district facilities
(annual amount of prescriptions below 12 000 in 2009);
medium size clinics within district facilities (amount of
prescriptions of 12 000 or greater); and hospital based
outpatient clinics. Clinics were also classified, accord-
ing to the proportion of prescriptions exempted from
the co-pay fee for low income in the year 2009 to the
total number of prescriptions for the same year, in ter-
tiles of frequency (population weighted) of co-pay fee
for low income as: clinics with a proportion of co-pay
fee exemption for low income below 1.1%; between 1.1
and 1.4%; and of 1.4% or more (see Figure 1).
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0
34
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ASL: Local Health Authorities as defined in 2009 (some of these were aggregated in 2015). Clinics were classified as: small size clinics within district facilities (@annual
amount of prescriptions below 12 000 in 2009); medium size clinics within district facilities (amount of prescriptions of 12 000 or greater); and hospital-based
outpatient clinics. Prescriptions exempted from the co-pay fee for low income in the year 2009 to the total number of prescriptions for the same year: - clinics with

a proportion of co-pay fee exemption for low income below 1.1%, - between 1.1 and 1.4% and - of 1.4% or more.

Figure 1

Index of social disadvantage (ISD) by postal codes in the metropolitan area of Rome. The dotted line indicates the city ring road
— GRA, the dashed line the railway ring and the solid line the green band (urban area subject to traffic restrictions for polluting
vehicles). The area delineated by the ring road is the one in which the study was carried out. The points represent the clinics parti-
cipating in the study. The table at the bottom of the Figure shows the characteristics of the outpatient clinics included in the study
(participating in the MeDi survey between January 2012 and November 2014).
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Figure 2

Flow chart of the study population: men and women aged 18-59 living in Rome and participating in the MeDi survey between

January 2012 and November 2014.

Ethical issues and approval from the Ethics
Committee

The survey was approved by the Ethics Committee of
Istituto Superiore di Sanita, Rome, Italy n. CE/12/338,
date 7/5/2012. Each subject was also asked to formally
consent to participate in the study.

RESULTS
Response rate

As shown in Figure 2, 18 521 subjects were contacted
and 3116 (average response rate: 83.2%) refused to par-
ticipate. Of the 15 405 questionnaires that were handed
in, some were not returned, others were returned blank
or incomplete. Overall, 13 236 valid questionnaires
were data entered and out of them 11 988 met the sur-
vey eligibility criteria (see Figure 2).

Non respondents were asked about their age and sex.
The age distribution of subjects who did not participate
in the study was comparable to that observed in non
participants. Non participants were significantly more
likely to be males than participants (non participant
males 41.7%; participant males 33.0% p < 0.001).

Subjects’ characteristics

Figure 2 shows the flow of the study population in-
volved in the MeDi survey between January 2012 and
November 2014. Out of 11 988 subjects, 6433 (53.7%)
had undergone HIV testing at least one time ever (1973
men and 4409 women); 64 (0.5%) did not know wheth-
er or not they had undergone HIV testing and 851
(7.1%) did not answer. These subjects were excluded

from analyses, leaving a total of 11 073 subjects (3650
men and 7320 women) aged between 18 and 59 years
(median 38; iqr: 30-46). Characteristics of the study
population evaluated are reported in Table 1. Fifty-one
point two percent of them had a high school diploma,
15% were unemployed by at least one year and 15.9%
were exempt from paying the health ticket because of
low income. Seventy-five point six percent of subjects
were heterosexuals, 74.1% were in a stable relationship,
50.1% were married or cohabiting, 80.0% had had up
to 3 sexual partners in their life, with a median of 1
partner in the last 6 (iqr: 0-10) months and of 2 (iqr:
0-511) lifetime.

Prevalence of HIV testing for any reason

Overall, crude prevalence of having performed at least
one HIV-testing was 58.1% (95% CI: 57.2%; 59.0%), as
well as that age standardized (95% CI: 53.8; 56.4).

Subjects who underwent HIV testing were more like-
ly to be 35-49 years old (67.4%), women (60.2%), ho-
mosexuals/lesbians (67.4%), highly educated (61.8%),
in a stable relationship (62.5%) and had had a STI in
the past (66.6%) (Table 1).

Respectively, 59.3% and 43.8% of subjects who re-
ported having had one or more high risk behaviours for
HIV tested at least once for HIV, compared to 59.0%
of those not reporting any. In particular, the chance to
test for HIV was lower for subjects who had high risk
sexual relationships, compared to those not having it.
At the area level, prevalences of HIV testing for any
reason increased at increasing levels of deprivation

ORIGINAL ARTICLES AND REVIEWS . . . N



Maria Fenicia Vescio, Pietro Gallo, Francesca Farchi et al.

Table 1

Socio-demographic characteristics of the 11 073 men and women (aged 18-59 years) participating in the MeDi survey from Janu-
ary 2012 to November 2014 by having ever/never performed a HIV test (for any reason and after excluding tests for pregnancy
and blood donation); Rome, Italy

All Any reason Excluded pregnancy and Blood donors Pregnancy
blood donors
Freq. col Freq. row p Freq. row P Freq. row P Freq. row P

(%) (%) (%) (%) (%)
Individual level
variables
Gender <0.001 <0.001 <0.001 <0.001
Female 7325 66.2 4409 60.2 3262 445 1080 14.7 370 5.1
Male 3650 330 1973 54.1 1085 29.7 888 243 0 0.0
Not reported 98 09 51 520 38 388 13 133 0 0.0
Years of age <0.001 <0.001 <0.001 <0.001
18-34 4317 390 2100 486 1394 323 691 16.0 86 20
35-49 4946 44.7 3334 674 2413 488 881 17.8 237 4.8
50-64 1777 16.1 978 55.0 561 316 407 229 45 25
Not reported 33 0.3 21 63.6 17 51.5 2 6.1 2 6.1
Marital status <0.001 <0.001 0316 <0.001
Single 4251 384 1952 459 1216 286 732 17.2 38 09
Married/ 5545 50.1 3707 66.9 2632 47.5 1023 185 281 5.1
cohabiting
Separated/ 1152 104 714 62.0 495 43.0 208 18.1 49 43
widowed
Not reported 125 1.1 60 48.0 42 336 18 144 2 1.6
Educational <0.001 <0.001 0.001 0.065
attainment
Low 1415 128 778 55.0 568 40.1 200 14.1 31 2.2
Medium 5665 512 3196 56.4 2123 375 1038 183 205 3.6
High 3921 354 2423 61.8 1670 426 731 18.6 132 34
Not reported 72 0.7 36 50.0 24 333 12 16.7 2 2.8
Occupation <0.001 <0.001 <0.001 0.003
Unemployed 1663 15.0 937 56.3 702 422 230 138 39 24
Employed 4808 434 3014 62.7 2047 426 941 196 190 40
Self-employed 1627 14.7 927 570 604 37.1 318 19.6 39 24
Other 2926 264 1530 523 1017 34.8 483 16.5 99 34
Not reported 49 04 25 51.0 15 306 9 184 3 6.1
Sexual 0.006 <0.001 0.013 0.130
orientation
Heterosexual 8368 756 4853 58.0 3336 39.9 1463 175 283 34
Homosexuals/ 239 22 161 674 121 50.6 40 16.7 2 0.8
lesbians
Bisexual 249 23 146 58.6 103 414 43 173 1 44
Other 320 29 203 634 153 478 46 144 7 22
Not reported 1897 17.1 1070 56.4 672 354 389 20.5 67 35
Stable partner <0.001 <0.001 0.160 <0.001
No 2691 243 1205 44.8 736 274 465 17.3 25 0.9
Yes 8209 741 5130 625 3574 435 1493 18.2 342 4.2
Not reported 173 1.6 98 56.7 75 434 23 133 3 1.7

Continues
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Table 1
Continued

Number of
partners in the last
6 months

0-1
2-3
4-5
5+
Not reported

Number of
partners in the last
5years

0-1

2-3

4-5

6-9

10+

Not reported

Number of
partners lifetime

0-1

23

4-5

6-10

11-19

20+

Not reported

High risk sexual
behaviours

None

One

More than one
Not reported

Partner had
multiple partners

No
Yes
Not reported

Risky sexual
behaviours

No

Yes

Not reported
History of STI
No

Yes

Not reported

Freq.

9076
768
146
184
899

7619
1531
444

284

433

762

7530
1335
704
858
224
144
278

7467
1690
928
988

9681
1084
308

3292
7473
308

10335
730

All

col
(%)

82.0
6.9
13
1.7

68.8
138
40

26

39

6.9

68.0
12.1

6.4
7.8
20
13
25

674
153
84
89

874
9.8
28

29.7
67.5
28

933
6.6
0.1

Freq.

5536
381
64
83
369

4823
746
212
122
204
326

4526
749
386
473
116

85
98

4407
1002
406
618

5762
493
178

1842
4413
178

5942
486

Any reason

row
(%)

61.0
49.6
438
45.1

63.3
48.7
47.8
43.0
47.1
428

60.1
56.1
548
55.1
518
59.0
353

59.0
593
438
62.6

595
455
578

56.0
59.1
578

57.5
66.6
62.5

<0.001

<0.001

<0.001

<0.001

<0.001

0.011

<0.001

Excluded pregnancy and

blood donors

<0.001

<0.001

<0.001

<0.001

<0.001

0.004

<0.001

Freq. row
(%)
3824 421
237 309
39 26.7
66 359
219 244
3391 44.5
471 308
119 26.8
72 254
139 321
193 253
3158 419
498 373
254 36.1
308 359
66 295
52 36.1
49 176
3011 403
700 414
290 31.3
384 389
3905 403
344 31.7
136 442
1232 374
3017 404
136 442
4010 388
372 51.0
3 375

Freq.

1648
142
25
17
149

1369
273
93
50
64
132

1314
241
131
164
49
33
49

1351

116
217

1791
149
41

589
1351

1870
109

row
(%)

18.2
18.5
17.1
9.2

16.6

18.0
178
210
17.6
148
173

175

18.6
19.1
219
229
17.6

18.1
176
125
220

18.5
138
133

179
18.1
133

18.1
149
250

Blood donors

p

0.025

0317

0316

<0.001

<0.001

0.101

0.086

Freq.

319
37

227

29
32

288
33

38

352
17

81
288

348
22

row
(%)

38
1.8
0.0
00
0.9

42
24
0.9
0.7
0.2
09

30
53
4.1
37
36
2.1
0.0

39
20
1.2
39

36
1.6
03

25
39
03

34
30
0.0

Pregnancy

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

0.763

Continues
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Table 1
Continued
All Any reason Excluded pregnancy and Blood donors Pregnancy
blood donors
Freq. col Freq. row P Freq. row P Freq. row P Freq. row P
(%) (%) (%) (%) (%)
Contextual level
variables
Index of social <0.001 <0.001 0.294 0.247
deprivation - area
level:
Medium (-5.8/-4.5) 3056 276 1779 582 1192 39.0 571 18.7 102 33
Low(< -5.8) 3692 333 1976 53.5 1292 350 663 18.0 110 30
High (>4.5) 4325 39.1 2678 619 1901 439 747 173 158 36
Type of clinic <0.001 <0.001 <0.001 0.002
low prescription 4844 438 2425 50.1 1593 329 809 16.7 158 33
volume (<12 000)
high prescription 4761 43.0 2942 61.8 2149 45.1 760 16.0 141 30
volume (=12 000)
hospital outpatient 1468 133 1066 726 643 438 412 28.1 71 4.8
clinics
Health care low <0.001 <0.001 <0.001 0.018
income card - area
level
Low (<1.1%) 3778 341 2139 56.6 1363 36.1 763 20.2 145 3.8
Median (1.19%-1.4%) 3738 338 2486 66.5 1754 469 696 186 130 35
High (=1.4) 3557 321 1808 50.8 1268 357 522 14.7 95 27

sin tertiles (population weighted); STI: sexually transmitted infection.

while it varied from 50.1% in small clinics to 72.6% in
the hospitals.

Results from the random effect multivariable Pois-
son models, reported in Table 2, were in line with the
univariate analysis. Men were 6% less likely to test for
HIV than women (prevalence ratio (PR): 0.94; 95% CI:
0.89; 0.99). Homosexuals/lesbians and bisexuals had
prevalence rates for HIV testing 1.37 (95% CIL: 1.17;
1.61) and 1.24 (95% CI: 1.05; 1.47) times that of het-
erosexuals. Prevalences were 1.29 (95% CI: 1.20; 1.39)
and 1.33 (95% CI: 1.21; 1.46) times higher for mar-
ried/cohabiting and separated/widowed than for single
men and women. In the same way, subjects in a stable
relationship were about 1.15 (PR: 1.15; 95% CI: 1.06;
1.24) times more likely to test for HIV than their coun-
terparts who were not in a stable relationship.

HIV testing prevalence increased linearly from low-
est to highest levels of education, but it reached sig-
nificance only in the latter category (PR: 1.11; 95% CI:
1.02; 1.21; p linear trend = 0.004).

Those who reported having had one high risk behav-
iours for contracting HIV infection were 11% (PR: 1.11;
95% CI: 1.04; 1.20) more likely to test for HIV than
those who had none of them. Subjects who had had
a STI in the past were 1.12 (PR: 1.12; 95% CI: 1.02;
1.23) times more likely to test for HIV than those not
reporting any STI. At the area level, compared to out-
patient clinics with a volume of prescriptions below 12
000 per year, in the clinics with a greater number of
prescriptions (PR: 1.88; 95% CI: 1.30; 2.73) and in the
hospitals (PR: 1.42; 95% CI: 1.10; 1.82), the prevalence

of subjects ever tested for HIV was more than 40%
higher. Clinics with a high vs low proportion of co-fee
exemption to the total number of prescriptions had a
PR of 0.52 (95% CI: 0.37; 0.74). After excluding tests
carried out for donation or pregnancy, the results ob-
tained were in the same direction as those for the entire
population. Subjects not reporting being (or not) in a
stable relationship were as likely to test for HIV as those
in a stable relationship.

When markers of sexual risk behaviours were used to
approximate risk we found 44.1% of subjects with self-
reported risks of contracting HIV (subjects reporting at
least one risk behaviour and/or had had a STI in the
past) had tested at least once in life. This percentage
was 54.1% at the age of 18-35 years, 39.6% for the high
educated and 36.6% for the homosexuals/lesbians, bi-
sexual and other sexual orientations combined.

DISCUSSION

Using data from a large survey performed in 2012-
2014 on more than 10 000 individuals 18-59 year olds
who underwent public ambulatories visits we found
that 58.1% of adults reported to have been tested at
least once for HIV in Rome, Italy. This percentage is
higher than that reported in other countries. In Britain,
the Natsal-3 found that in 2010-2012, 18.1% of men
and 23.2% of women 16-74 years old reporting sexual
experience, had tested for HIV for diagnostic purposes
(excluding testing in the context of blood donation)
[18]. In the United States, the 2013 National Health
Interview Survey (NHIS) and the 2013 Behavioural
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Table 2

Prevalence ratio (PR) of HIV testing (for any reason and after exclusion of pregnancy and blood donation) by socioeconomic and
demographic characteristics of 11 073 men and women (aged 18-59 years) participating in the MeDi survey from January 2012 to
November 2014. Results from random intercept and random slope multivariable Poisson models of HIV testing

Any reason Excluded pregnancy and blood donors

PR 95% CI p PR 95% ClI p
Individual level variables
Gender
Female 1 1
Male 0.94 089 099 0.027 0.71 066 076 <0.001
Not reported 0.99 076 131 0.963 1.05 076 145 0.755
Years of age
18-34 1 1
35-49 1.18 1.11 1.25 <0.001 1.22 113 131 <0.001
50-59 0.94 086  1.02 0.154 081 072 090 <0.001
Not reported 0.95 061 146 0.798 0.98 061 159 0.937
Marital status
Single 1 1
Married/cohabiting 1.29 120 139 <0.0011 145 133 158 <0.001
Separated/widowed 1.33 121 146 <0.001 148 132 166 <0.001
Not reported 1.05 0.80 137 0.735 1.21 0.88 1.67 0.237
Educational attainment
Low 1 1
Medium 1.03 095 1.1 0.504 0.93 085  1.02 0.132
High 1.11 102 120 0.019 0.99 089  1.09 0.810
Not reported 0.85 052 140 0.518 0.71 038 133 0.285
Sexual orientation
Heterosexual 1 1
Homosexuals/lesbians 137 117 161 <0.001 1.69 140 203 <0.001
Bisexual 1.24 105 147 0.013 1.29 106 158 0.013
Other 1.11 0.96 1.28 0.169 1.21 1.03 143 0.022
Not reported 1.03 094 112 0.518 1.06 0.95 1.18 0.280
Stable partner
No 1 1
Yes 1.15 1.06 1.24 <0.001 1.21 1.10 1.34 <0.001
Not reported 1.10 0.89 136 0.388 1.29 1.01 1.64 0.044
High risk sexual behaviours
None 1 1
One 1.11 104 120 0.003 1.24 113 135 <0.001
More than one 1.06 0.95 1.19 0.263 1.31 1.15 1.49 <0.001
Not reported 1.01 092 1.10 0.870 0.92 0.82 1.02 0.124
History of STI
No 1 1
Yes 1.12 102 123 0.021 1.20 108 134 0.001
Not reported 0.90 037 217 0.818 0.67 0.21 207 0483
Contextual level variables
Type of clinic
Low prescription volume (<12 000) 1 1
High prescription volume (=12 000) 1.88 130 273 0.001 2.23 078 641 0.136
Hospital outpatient clinics 1.42 1.10 1.82 0.007 1.09 0.94 127 0.260
Health care low income card-areaa level
Low (<1.1%) 1 1
Median (1.1%-1.4%) 1.03 0.82 1.29 0.831 0.86 047 1.58 0.635
High (=1.4) 0.52 037 0.74 <0.001 0.33 0.12 0.92 0.034
Var (health care low income card): 0.00338 001490  0.56573 0.07795 002972 0.20444
Var (clinic level): 0.02666 006910 021815 0.08988 0.03973 020331

Index of social deprivation-area level was not included in the multivariate analyses. :in tertiles (population weighted); STI: sexually transmitted infection.
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Risk Factor Surveillance System (BRESS) estimated
that 42.2-45.0% of 18-64 years old US residents had
ever tested for HIV [19, 20].

We found that those who had one high risk behaviour
for contracting HIV infection were 11% more likely to
test for HIV than those not reporting any, and subjects
who had had a STI in the past were 12% more likely
to test for HIV than those who had never had a STI.
However, when markers of sexual risk behaviours were
used to approximate risk we found that only 44.1% of
those with self-reported risks of contracting HIV had
tested at least once in life. This percentage was even
higher among subjects aged 18-35 years (54.1%). A
cross-sectional survey carried out in 2008, reported that
73% of newly diagnosed individuals in Belgium, Esto-
nia, Finland and Portugal had not previously tested for
HIV due to a low perception of risk [21]. Hoyos et al.
also found that 46.5% of subjects classified as high risk
considered themselves to be at low risk for HIV infec-
tion [22].

We also found that homosexuals/lesbians were more
likely than heterosexuals to test for HIV, still 37% of
them (homosexuals/lesbians/bisexual/other combined)
had never tested for HIV and this proportion was of
similar magnitude in men with a high or low risk profile.
To this regard, the Natsal-3 survey found that 84.8% of
MSM reporting recent unsafe sex rated themselves as
low risk for HIV infection [18]. Similarly, a qualitative
study found that more than half of HIV positive MSM
were surprised by their diagnosis and believed them-
selves to have only practiced safe sex [23].

Other factors associated with HIV testing in our study
included being female, in a stable relationship/ married/
cohabiting and highly educated. The BRFSS for the
state of Georgia found that participants that attained
educational levels greater than high school tested more
than those with a lesser education [24]. In the same
way, a survey carried out in 2011 in a sample of 1568
delivering women enrolled in 36 maternal hospitals in
the Lazio region, found that women who missed test
were of lower education level, with a lower HIV-knowl-
edge score and fewer visits during pregnancy [25]. Still,
in our study, about 40% of the highly educated self re-
porting risks of contracting HIV had never tested.

At the area level the highest prevalence of subjects
ever tested for HIV was observed in the hospitals and in
high volume clinics. These, perhaps, are characterized
by better quality of care and more resources for HIV
testing. We found no evidence that HIV testing was as-
sociated with neighbourhood deprivation after adjust-
ment for SEP at the individual level. Overall, our results
are in line with a study carried out in a large urban US
city which found that income inequality and socioeco-
nomic deprivation were associated with higher rates of
late HIV diagnosis only in crude models (not adjusted
for covariates) [26].

Limitations and strengths

Some limitations can be highlighted: 1) the MeDi
data are self-reported and may be subject to biases such
as social desirability or recall bias and underreporting
of risk behaviours associated with HIV; 2) HIV test-

ing performed was also self reported; 3) reasons for not
testing were not explored; 4) the study was conduct-
ed in local and hospital based outpatient clinics and
we cannot exclude that the prevalence of HIV-testing
could have been different for those not accessing the
outpatient clinics in the study period. In particular, it
appears from Figure 1 that some part of the city may be
less well represented. However, medical appointments
are centrally managed by a phone booking system
which identifies the first available place in any clinic
in Rome. For this reason, we have collected the postal
code of the area of residence and re-allocated each
subject accordingly; 5) the survey was based on non-in-
stitutionalized populations. Incarcerated persons may
have higher risks for HIV. However, some subjects self
reported to have been tested in correctional facilities
before the survey took place; 6) the sampling frame was
the Roman metropolitan area, rural/sub-urban areas
outside of the metropolitan belt were not represented.
Because of these limitations, the results might be either
underestimated or overestimated when generalized to
other populations.

Our data are the only one available in Rome and the
only one to examine socio-demographic factors related
to HIV testing. A strength of the present study is the
utilization of data from a large survey of the general
population with a response rate as high as 83%.

Conclusions and implications

From our study it emerges that while the percentage
of subjects tested is even higher than observed in other
western nations, only 44% of subjects self reporting
risks of contracting HIV (54% among subjects aged 18-
35 years) had tested at least once in life. This percent-
age decreases, as expected, with the level of education,
but even so, about 40% of university educated subjects
self reporting risks of contracting HIV had never tested.
We do not know why this happens but certainly the cur-
rent system based on proposing the test based on risk,
either self-perceived or defined by a doctor, does not
allow reaching all patients in need to be tested.
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Abstract Key words
Background. In Italy, out of 60 millions of inhabitants, 3000 (2700-4000) new HIV | ¢ HIV
infections are estimated each year. As combined antiretroviral therapy (ART) prolongs | © HIV testing
life for HIV sufferers, the prevalence of HIV-infection is likely to increase over time. Few | * SEP
studies have assessed factors associated with being HIV positive in people accessing pub- | © deprivation
lic outpatient clinics and, in particular, the influence of socio-economic circumstanceson | ¢ Italy
HIV prevalence. This study aims to evaluate the association between subjects’ serostatus | ® urban
and socio-economic determinants measured at the individual and neighbourhood levels.

Methods. Data from a large anonymous survey performed in 2012-2014 on more than

10 000 individuals 18-59 years old who underwent 21 public ambulatories in Rome were

analysed. Subjects’ socio-demographic characteristics, sexual orientation, number of

sexual partners, HIV risk behaviour and HIV testing uptake were collected by a self-

administered questionnaire. Level of area deprivation was measured at the postal code

level by the index of social disadvantage (ISD). Multilevel Poisson regressions were car-

ried out to take heterogeneity between clusters (post code and clinics) into account.

Results. Self-reported HIV-prevalence was 2.0% among subjects ever been tested (13.7%

for the homosexual/lesbians 7.0% for the bisexual and 1.3% for the heterosexual). About

1% of subjects self-identified as low risk was HIV infected. This prevalence increased up

to 2% in the age group 18-34 and up to 5% in the non-heterosexuals (i.e. self- identified
homosexuals/lesbians and bisexuals). At the individual level, HIV-prevalence decreased

linearly from lowest to highest levels of education. Living in a deprived neighbourhood

was not associated with HIV-infection.

Conclusions. Our study confirms high HIV prevalences among homosexuals/lesbians.

Some infections occur in subjects who do not report high risk behaviours for HIV trans-

mission.

BACKGROUND infection [1], 11-13% of whom non-diagnosed [2]. It is

HIV prevalence has increased in Italy since 1995. In  also estimated that 3000 (2700-4000) new cases occur
2012, out of a population of 60 million, it is estimated  every year [1]. 36.6% of them have a number of CD4
that 123 000 (115 000-145 000) subjects live with HIV  cells below 200 cell/ml [3]. This proportion increases to
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52.7% in the population of 50 years of age or older and
to 46.5% in the heterosexual men [3].

The demography of HIV infection has changed since
the beginning of the epidemic and, while incidences
among homosexuals and injective drug users remain
high, new cases occur in heterosexual men and older
subjects [3] in particular among the poor.

Studies carried out in western countries suggest that
individual socio-economic-position (SEP) and area de-
privation might be related to timing of diagnosis and
risk of infection [4-9]. At the individual level low litera-
cy, poverty, relationship instability caused by economic
stress, unemployment and incarceration can encour-
age the uptake of risky behaviours. At the neighbour-
hood level, residential social displacement, segregation
(e.g. attending lower quality schools, high crime rate),
inequities in environmental resources and psychologi-
cal influences (e.g. HIV-related stigma, minority stress)
concentrate poverty and any attributes correlated with
it including HIV infection. Geographical clustering of
HIV infections among populations of low SEP may ex-
pose subjects to higher transmission rates than individ-
ual circumstances alone would indicate. Few studies, at
least in Italy, have investigated the connection between
socio-economic deprivation and risk of HIV infection.
To fill this gap, we carried out a survey of the general
adult population living in Rome, between January 2012
to November 2014 to determine the proportion of sub-
jects tested for HIV and factors related to testing up-
take. Rationale of the MeDi survey was that of providing
baseline information on existing levels of positive health
behaviours and HIV related risk factors. Specific aims
of this article were: 1) to estimate the prevalence of
HIV seropositivity in the population living in Rome who
attended one of the outpatient clinics included in the
study; and 2) to evaluate the association between HIV
serostatus, subjects’ socio-economic characteristics and
the deprivation of their area of residence.

MATERIALS AND METHODS
Data sources

Data on 5292, 18-59 years old men and women liv-
ing in Rome who reported HIV testing results and par-
ticipated in the MeDi (Measuring health Disparities in
HIV prevention) survey were used for this analysis.

MeDi survey

The MeDi study is a cross section survey (see “Prev-
alence and Attitudes to HIV testing among adults in
Rome” where the survey methods are fully described
[10]) which collected self-reported data on health per-
ception, life satisfaction, access to health care and at
risk sexual behaviour in a sample of more than 10 000
individuals aged 18-59 years attending public outpa-
tient clinics in Rome between 2012-2014.

The MeDi questionnaire was developed by the au-
thors building on previous research [11, 12]. Respon-
dents were asked about their socio-demographic char-
acteristics (gender, nationality, age, duration of stay in
Rome, postal code of the area of residence, educational
level, occupation, marital status, duration of stable re-
lationships, health exemption tickets and pregnancy

status), their sexual orientation, the number of sexual
partners they had had in the last six months, over the
past five years and lifetime and whether they had ever
been tested for HIV. HIV risk behaviour was evaluated
by asking subjects whether they had ever been in one or
more situations at high risk for HIV transmission. Two
lists of hypothetical situations were provided. The first
one included: “I have used injective drugs”, "I have had
sex under the effect of alcohol or drugs”, “I have had
anal intercourse without a condom”, “I have given or
received money in exchange for sex”; the second one
included: “I have had multiple sexual partners over the
same period”, “my partner has had multiple sexual part-
ners over the same period”, “I have not used a condom
during the last intercourse with a casual partner”, “I
have not used a condom during sexual intercourse with
a HIV positive partner”. Participants were also asked
whether they had ever suffered from chlamydia, gonor-
thea, syphilis, herpes genitalis and genital warts.

Neighbourhood characteristics

The Index of social disadvantage (ISD) was devel-
oped by the “Ufficio Metropolitano di Statistica” and
the “Ufficio di Statistica di Roma Capitale” to produce
a statistical report on the Roman metropolitan area as
the sum of the unweighted z-scores for the following
census variables: unemployment, employment, youth
concentration and schooling [13]. The ISD was re-ag-
gregated from census section to postal codes polygons
by areal interpolation in “Quantum” GIS(QGIS) [14].

Postal codes were also classified in tertiles of frequen-
cy according to the proportion of HIV+ subjects within
each postal code.

Characteristics of outpatient clinics

Clinics were classified according to whether they were
located within a hospital or not (district facilities) and
to whether the amount of prescriptions provided by all
clinics combined in the year 2009 was above or below
the median as: small size clinics within district facilities
(annual amount of prescriptions below 12 000 in 2009);
medium size clinics within district facilities (amount of
prescriptions of 12 000 or greater) and; hospital based
outpatient clinics. Clinics were also classified according
to the proportion of prescriptions exempted from the
co-pay fee for low income in the year 2009 to the total
number of prescriptions for the same year in tertiles of
frequency (population weighted) of co-pay fee for low
income as: clinics with a proportion of co-pay fee ex-
emption for low income below 1.1%; between 1.1 and
1.4%; and of 1.4% or more.

Etbics and funding

The survey was approved by the Ethics Committee of
Istituto Superiore di Sanita, Rome, Italy n. CE/12/338,
07/05/2012. Each subject was also asked to formally con-
sent to participate in the study. The study was funded by
the Ministry of Health as part of the HIV/AIDS projects.

Statistical analysis
Crude, age and gender specific, and age-standardized
prevalences of self reported HIV serostatus were cal-
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culated. As reference population, we used the 2012
Eurostat European population, stratified by age-group
[15]. Fisher exact chi-square tests were computed to
investigate the association between HIV serostatus
and possible determinants/predictors variables such as
socio-demographic characteristics, sexual behaviour,
sexually transmitted infections (STI) in the past, and
different levels of social disadvantage in the area where
the participant was living (see below for description).

Poisson regression models were used to produce un-
biased prevalence ratios estimate [16]. A test for linear
trend was carried out, if necessary, across strata of or-
dinal categorical variables, including them as “continu-
ous” variables in a Poisson model. Poisson regressions,
with stepwise selection, were carried out to identify in-
dependent predictor variables from those with a p-value
<0.20 at the univariate analysis.

Within and between clusters (post code and clinics)
variances were investigated using a multilevel frame-
work. Since the variance at the postal code level and
clinics levels was not significant, a Poisson model with
no random terms was carried out (i). To this model
were added in the following order: individual (ii) and
contextual level covariates (iii) as identified with the
stepwise procedure, (iii) and the cross level interaction
terms between deprivation and strata of age, sex, sexual
orientation and SEP (iv). Only significant effects (from
log-likelihood ratio test) were retained. A secondary
analysis was carried out to estimate the prevalence of
HIV infection in subjects who reported that they did
never engage in HIV risk behaviours and had not had
a STI in the past. Subjects reporting at least one risk
behaviour and/or had had a STT in the past were defined
as “high risk”; those not reporting a risk behaviour and /
or a STI were considered “low risk”. Statistical analyses
were carried out in Stata 13 [17].

RESULTS

Figure 1 shows the population involved in this study.
Socio-demographic characteristics of subjects by HIV se-
rostatus, are reported in Table 1. Out of 6433 tested sub-
jects, 5292 reported HIV results (5184 were HIV- and
108 HIV+) with a crude prevalence of 2.0% (95% CI:
1.7%; 2.5%). Median ages were 39 years (iqr. 33-46) for

1141 (17.7%)
not reported test results

6433 108 (1.7%)
had tested HIV+

5184 (80.6%)
HIV-

Figure 1

Flow chart of the study population: men and women participa-
ting at the MeDi survey between January 2012 and November
2014 who underwent HIV testing and reported test results.

the HIV- and 35 years (iqr: 31-45) for the HIV+. Age and
sex specific prevalences were 3.1% (95%CI: 2.3%; 4.1%)
for males and 1.6% (95% CI: 1.2%; 2.1%) for females,
3.2% (95% CI: 2.4%; 4.1%) for the age group 18-34, 1.4%
(95% CI: 0.9%; 1.8%) for the age group 35-49 and 2.0%
(95% CI: 1.0%; 3.3%) for the age group 50-59. Age stan-
dardized prevalence was 2.0% (95% CI: 1.5%; 2.8%).

Prevalences of HIV infection were 13.7% for the ho-
mosexuals/lesbians, 7.0% for the bisexual, and 1.3% for
the heterosexuals (18 HIV+ subjects did not report any
information about their sexual orientation). Four point
five percent of the low educated and about 1.7% of sub-
jects with a medium or higher educational attainment
were HIV+. Five point six percent of subjects who had
had 2 or more partners in the past six months, 5.4% of
those who had had a ST in the past, 6.9% of those who
reported having had more than one high risk behaviours
for HIV and 3.5% of those living in areas with a high
prevalence of HIV were HIV+.

Results from the multivariable analysis of age, edu-
cational attainment, sexual orientation, stable partner-
ship, risky sexual behaviours, STI and HIV prevalence
at area level (all had p values <0.2 at the univariate
analysis) resembled those obtained from the univariate
analysis (see Table 1). Prevalence ratios (PR) were 0.62
(95%: 0.40; 0.95) and 0.82 (95%: 0.45; 1.51) respec-
tively for the age groups 35-49 and 50-59 compared to
the age group 18-34. HIV prevalence showed a graded
association across the educational range decreasing lin-
early from lowest to highest levels (medium: PR: 0.42;
95% CI: 0.26; 0.68; high: PR: 0.36; 95% CI: 0.21; 0.60;
p linear trend: <0.001). Compared to heterosexuals,
homosexuals/lesbians, bisexuals and other sexual ori-
entations were respectively 5.38 (95% CI: 3.02; 9.59),
1.99 (95% CI: 0.92; 4.34) and 2.62 (95% Cl: 1.26-5.47)
times more likely to be HIV+. Those who had had a STI
in the past had a PR of 2.00 (95% CI: 1.23; 3.26) com-
pared to those who had never had it. Prevalences in-
creased linearly with the increase in the number of high
risk situations (one high risk situation: PR 1.99: 95% CI:
1.21; 3.25; PR: more than one risk situation: 2.44: 95%
CI: 1.38; 4.32; p linear trend: <0.040). Subjects living in
neighbourhoods with a medium/ high HIV prevalence
were more likely to be HIV+ than those living in low
prevalence neighbourhoods (medium prevalence neigh-
bourhoods PR: 3.07; 95% CI: 1.72; 5.48; high preva-
lence neighbourhoods PR: 2.98; 95% CI: 1.65; 5.41).

Secondary analyses restricted to those who did not en-
gage in any risk behaviour yielded prevalences of 1.6%
(95% CI: 0.8%; 2.7%) for men and of 1.1% (95% CI:
0.7%; 1.6%) for women. Prevalences were 2.1% (1.3%;
3.1%), 0.1% (0.0%; 1.3%) and 1.1% (0.0%; 2.6%) for the
age groups 18-34, 35-49 and 50-59. The homosexuals/
lesbians, the bisexuals and the other groups combined
had a HIV prevalence of 4.9% (95% CIL: 2.1%; 9.4%)
while the heterosexuals had a prevalence of 0.8% (95%
CI: 0.5%; 0.1%). Prevalences were 0.1 (95% CI: 0.0; 1.4)
and 2.2 (95% CI: 1.1;3.9) in the high and low educated.

DISCUSSION
Using data from a large survey performed in 2012-
2014 on more than 10 000 individuals 18-59 years old
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Table 1

Prevalence ratio (PR) of HIV serostatus by socioeconomic and demographic characteristics of 5292 HIV tested men and women
(aged 18-59 years) participating in the MeDi survey from January 2012 to November 2014. Results from univariate and multivari-
able Poisson models of HIV serostatus

HIV-uninfected HIV-infected
N. (%) N. (%) p PR 95% CI p
Individual level variables
Gender 0.002 NI
Female 3688 98.40 60 1.60
Male 1448 96.86 47 3.14
Not reported 48 97.96 1 2.04
Years of age 0.001
18-34 1615 96.82 53 3.18 1
35-49 2857 98.62 40 1.38 0.62 040 095 0.028
50-64 694 98.02 14 1.98 0.82 045 151 0.530
Not reported 16 100.00 0 0.00 0.00 0.00
Marital status 0.002 NI
Single 1453 96.87 47 3.13
Married/cohabiting 3108 98.57 45 143
Separated/widowed 572 97.61 14 2.39
Not reported 49 98.00 1 2.04
Educational attainment <0.001
Low 587 9545 28 4.55 1
Medium 2588 98.29 45 1.71 042 026 068 <0.001
High 1977 98.31 34 1.69 0.36 0.21 0.60 <0.001
Not reported 13 100.00 0 0.00 0.00 0.00
Occupation 0.011 NI
Unemployed 767 9734 21 266
Employed 2469 98.52 37 148
Self-employed 743 96.62 26 338
Other 1181 98.09 23 191
Not reported 22 100.00 0 0.00
Sexual orientation <0.001
Heterosexual 3949 98.70 52 13 1
Homosexuals/lesbians 120 86.33 19 13.67 538 302 959 <0.001
Bisexual 120 93.02 9 6.98 1.99 092 434 0.082
Other 147 94.23 9 577 2.62 126 547 0.010
Not reported 846 9792 18 2.08 2.00 1.15 348 0.014
Stable partner <0.001
No 881 95.66 40 434 1
Yes 4233 98.51 64 149 0.65 042 099 0.048
Not reported 68 95.77 3 4.23 0.97 029 321 0.963
Number of partners in the <0.001 NI
last 6 months
0-1 4514 98.34 76 1.66
2-3 282 95.59 13 441
4-5 41 95.35 2 4.65
5+ 67 90.54 7 9.46
Not reported 278 96.86 9 3.14

Continues

ORIGINAL ARTICLES AND REVIEWS . . - %



34

Maria Fenicia Vescio, Pietro Gallo, Francesca Farchi et al.

. Table 1
Continued

. HIV-uninfected HIV-infected
N. (%) N. (%) p PR 95% Cl p
g Number of partners in the <0.001 NI
= last 5 years
L;T-l 0-1 3909 9844 62 1.56
~ 23 612 9761 15 239
% 4-5 162 98.18 3 1.82
< 6-9 97 97.98 2 202
§ 10+ 157 90.23 17 9.77
) Not reported 245 96.84 8 3.16
E Number of partners lifetime 0.003 NI
i 0-1 3562 9743 94 257
E 2-3 631 99.21 5 0.79
5 4-5 328 99.70 1 0.30
E 6-10 415 99.28 3 0.72
O 11-19 100 99.01 1 0.99
20+ 74 98.67 1 133
Not reported 72 97.3 2 270
High risk sexual behaviours <0.001
None 3623 98.80 44 1.20 1
One 825 96.27 32 373 1.99 1.21 3.25 0.006
More than one 336 93.07 25 6.93 244 138 432 0.002
Not reported 398 98.51 6 149 1.06 044 251 0.902
History of STI <0.001
No 4778 98.27 84 1.73 1
Yes 404 94.61 23 539 2.00 1.23 3.26 0.005
Contextual level variables
Index of social deprivation - 0.704 NI
area level:
Medium (-5.8./-4.5) 2399 98.12 46 1.88
Low (< -5.8) 613 97.61 15 2.39
High (>4.5) 2170 97.92 46 2.08
Type of clinic 0.059 NI
Low prescription volume 2008 98.19 37 1.81
(<12000)
High prescription volume 2310 9751 59 249
(=12000)
Hospital outpatient clinics 864 98.74 11 1.26
Health care low income card- 0444 NI
areaa level
Low (<1.1%) 1783 98.07 35 1.93
Median (1.1%-1.4%) 1941 98.18 36 1.82
High (=1.4) 1458 97.59 36 241
Prevalence of HIV-area level: <0.001
Low (<1.3%) 2023 99.22 16 0.78 1
Median (1.3%-2.6%) 1959 97.66 47 2.34 3.07 172 548 <0.001
High (>2.6%) 1200 96.46 44 3.54 298 1.65 541 <0.001

NI: not included in the final model; 2in tertiles; STI = sexually transmitted infections.
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who underwent a visit in a public health care facility we
found a prevalence of people reporting to be HIV-in-
fected of 2.0% (95% CI: 1.5%; 2.8%) among those who
declared to have ever been tested. This result is in line
with a study carried out in 2012 which found that the
overall estimated prevalence of HIV among subjects
with known serostatus and linked to care was 2.2% in
the Lazio region [18]. We found that the prevalences
of HIV was 8.4 for homosexuals/lesbians and bisexuals
(13.7% for the homosexuals/lesbians, 7.0% for the bisex-
ual) and 1.3% for the heterosexual. In the same way, the
2010 EMIS study (European MSM Internet Survey)
found that the self reported prevalence for men who
have sex with another men (MSM) in Italy was 9.7%
[19, 20]. A large-scale bio-behavioural survey imple-
mented across 13 European cities, the Sialon II study,
also found, in Verona (Italy), a measured prevalence
of 9.6 among MSM between 2010-2014 [21], while in
other European cities, estimates ranged between 2.4%
in Stockholm to 18.0% in Bucharest [21, 22].

People with one or more risky sexual behaviour or
who had had a STI in the past were especially at risk,
but also, about 1% of men and women self identified as
low risk (who did not engage in HIV risk behaviour and
who had not had a STI in the past) was HIV infected.
This prevalence increased up to 2% in the age group 18-
34 and in the low educated and was of 5% in homosexu-
als/lesbians and bisexuals. Similarly, a qualitative study
found that more than half of HIV positive MSM were
surprised by their diagnosis and believed themselves to
have only practiced safe sex [23]. Our results are also
consistent with findings from other studies which ob-
serve that about one third of HIV infections among
MSM occur within main partnerships [24].

We found that there is an inverse association between
education and HIV prevalence, being subjects with
lower levels of education at higher risk of HIV infec-
tion than their highly educated counterparts in line with
the observed socio-economic patterning of sexual risk
behaviours (e.g. having more sexual partners or a part-
ner with several partners). This result may be also influ-
enced by a less efficient use of the health services (e.g.
an increased use of emergency department and hospi-
tals, and a lower use of prevention services) among the
low educated [25-28] which, in the long run, increases
HIV progression and risk of death [29] .

At the area level, we observed that subjects living in
neighbourhoods with a medium/ high HIV prevalence
were more likely to be HIV+ than those living in low
prevalence neighbourhoods. Some studies argued that,
the greater exposure to a high HIV prevalence pool of
individuals may foster HIV epidemic in some strata of
the population (e.g. ethnic groups) [30]. We found no
evidence that living in a deprived neighbourhood in-
creases HIV risk overall and for any population strata
considered (age groups, sexes, SEP, sexual orientation).
A study carried out among individuals aged 13 years
and older residing in 37 US states found that HIV di-
agnosis rates increased as community deprivation de-
creased [7], but the effect differed for various strata of
the population and was negligible for white males. Ad-
ditionally, a study carried out in US cities also found

that from 1990 to 2000, HIV incidence was highest
amongst higher-income, more educated individuals but
transitioned to a poverty- and low-education-dependent
risk after 2000 [6].

Limitations and strengths

Some limitations can be highlighted: 1) the MeDi
data are self-reported and may be subject to biases such
as social desirability or recall bias and underreporting of
risk behaviours associated with HIV; 2) HIV serostatus
was also self reported; 3) the study was conducted in
local and hospital based out-patient clinics and we can-
not exclude that the prevalence of HIV could have been
different for those not accessing the outpatient clinics
in the study period; 4) the survey was based on non-in-
stitutionalized populations and excluded all subjects liv-
ing in nursing homes, prison or long-term-care facilities
at the time in which the survey took place. Incarcerated
persons may have higher risks for HIV. However, some
subject self reported to have been tested in correctional
facilities before the survey took place; 5) the sampling
frame was the Roman metropolitan area, rural/sub-
urban areas outside of the metropolitan belt were not
represented. Because of these limitations, the results
might be either underestimated or overestimated when
generalized to other populations; 6) few people have
social activities only in an area defined by the postal
code of residence and their life could be affected also by
socioeconomic determinants of other places (e.g. work
places) which were not taken into account in our work.

A strength of the present study is the utilization of
data from a large survey of the general population with
a response rate as high as 83%.

CONCLUSIONS AND IMPLICATIONS

Our study confirms high HIV prevalences among
homosexuals/lesbians. Prevention efforts are not ad-
equately reaching them in Rome and there is a real pos-
sibility that the HIV epidemic may further expand since
some infections occur, presumably within main partner-
ship, in subjects who do not report high risk behaviours
for HIV transmission. It is believed that tackling poverty
can lead to a reduction in HIV transmission. However,
we did not find support for this at the postcode level,
but this does not exclude that such a relationship exists
for other indicators and other geographical levels [31].
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Abstract

Objective. To summarize the evidence in the literature about rehabilitative treatments
that reduce low anterior resection syndrome (LARS) symptoms in patients who under-
went surgery for colorectal cancer. e rehabilitation
Methods. We have search in PubMed, Cochrane Central Register of Controlled Trials, | © therapy
Cumulative Index of Nursing and Allied Health and Scopus databases. Studies selected | © treatments
were limited to those including only patient undergone low rectal resection with sphinc- '  quality of life
ter preservation and with pre-post assessment with a LARS score. Five articles fit the

criteria.

Results. The percutaneous tibial nerve stimulation demonstrated moderate results and

sacral nerve stimulation was found to be the best treatment with greater symptom im-

provement. Only one study considered sexual and urinary problems in the outcomes

assessment.

Conclusions. In clinical practice patients should evaluate with the LARS and other score

for evaluation of urinary and sexual problems. Future research must be implemented

with higher quality studies to identify the least invasive and most effective treatment/s.

Key words
¢ |low anterior resection
syndrome

INTRODUCTION

Colorectal cancer is the third most common cancer
worldwide [1]. Although surgical treatment has im-
proved in recent years, patients who have a sphincter-
preserving operation may experience symptoms that
can affect their quality of life (QOL) [2-4]. Eighty per-
cent of patients who undergo a low or very low anterior
rectal resection will experience fecal or flatus urgency
or incontinence, frequent bowel movements, bowel
fragmentation, difficulties emptying, incomplete evacu-
ation, and increased gas postoperatively [2]. This suite
of symptoms is referred to as low anterior resection syn-
drome (LARS) [2, 3]. Anatomical, nervous/sensory, and
muscular changes [2-4], the new sphincter’s functional
capacity [5], pelvic floor functionality [4], colon motili-
ty [6], post-prandial response [7], and the new rectum’s
compliance [8] are involved in LARS.

Although LARS has been recognized for years, a rig-
orous scientific definition of this syndrome never has
been developed. Conventionally, it is defined as a bowel

disorder following rectal resection that affects patient
QOL [4]. After surgical treatment of a colorectal can-
cer, LARS appears immediately, becomes more evident
in the first several months, and stabilizes after approxi-
mately one to two years [7].

The incidence of LARS in Europe is approximately
52% in patients with low rectal surgical treatment [9]
and the approach to treat it is conservative, consist-
ing of an appropriate diet, fiber intake, mass-forming
agents [10] and enemas [11]. Nonetheless, LARS has
adverse effects on patient satisfaction and QOL. The
literature demonstrates the availability of different re-
habilitation treatments [10, 12, 13-15], but currently
there is no evidence of the best rehabilitative interven-
tion to improve LARS patients’ symptoms.

Therefore, the goal of this paper was to summarize
the evidence available in the literature on different re-
habilitative treatments to reduce LARS symptoms in
patients who have undergone surgery for colorectal
cancer.

Address for correspondence: Giampiera Bulfone, Dipartimento di Biomedicina e Prevenzione, Universita degli Studi di Roma “Tor Vergata”, Via

Montpellier 1, 00133 Rome, Italy. E-mail: giampiera.bulfone@uniroma?2.it.
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METHODOLOGY
Study design

A systematic literature review was conducted accord-
ing to Lefebvre et al. (2013) [16] and Liberati et al.
(2009) [17] methodologies.

Literature search strategy

To identify relevant studies, we searched the follow-
ing databases: Pubmed, Cochrane Central Register of
Controlled Trials (CCTR), Cumulative Index of Nurs-
ing and Allied Health (CINAHL), and Scopus. The
PICOS (Participants, Interventions, Comparisons,
Outcomes, and Study Design), respectively: patients
who underwent low or very low anterior rectal resection
for rectal neoplasm (P), were treated with rehabilita-
tion therapy (I) by comparison to standard care (C),
and had fecal incontinence or bowel dysfunctions that
compromise their quality of life (O). The study designs
considered were randomized clinical trials and cohort
studies. Search terms were “low anterior resection syn-
drome,” “rectal neoplasms,” “rectal cancer,” “rehabili-
tation,” “therapy,” “treatments,” “process assessment,”
“biofeedback,” “electrical stimulation,” “disability eval-
uation,” “early intervention,” “rehabilitation nursing,”
“fecal incontinence,” “quality of life,” “bowel dysfunc-
tion,” and “outcome.” The MESH terms were com-
bined with free terms and Boolean operators (AND,
OR) to include all possible combinations. Thereafter,
a manual search was conducted using a snowball sam-
pling technique [17].

The primary end-points of this systematic review were
LARS score and QOL. Secondary end-points were anal
pressure and urinary and sexual symptoms.

[T

Inclusion and exclusion criteria
Studies included were those published through Oc-

tober 2018 that had abstracts available and included
only adult patients (>18 years) who had undergone low
rectal resection with sphincter preservation. As a large
proportion of the elderly public, particularly in the 50
to 79 years age group, exhibits major LARS in the ab-
sence of any surgical procedure, only studies with pre-
post treatment assessment with a LARS [18] score to
identify patient with LARS were included.

Data extraction and risk of bias

Two researchers evaluated the studies independently.
In the first phase, titles, abstracts, and full texts were
analyzed to establish the studies’ relevance to the re-
search questions; the risk of bias was assessed using
the Edward Score [19]for observational studies. The 11
items of the assessment tool are as follows: definition
of aims; sample formation; description of inclusion and
exclusion criteria; description of subject characteristics;
power calculation; objectivity of outcome measures
used; adequacy of follow-up; adequacy of analysis (in-
tention to treat); adjustment for baseline differences be-
tween groups; appropriate unit of allocation to groups;
randomization method. Each item is scored from 0 to
2 for adequacy and a high score indicates a study’s high
methodological quality. The total score possible ranges
from 0 to 22 for experimental studies or from 0 to 16
for observational studies. In the second phase, the re-
searchers combined the data and resolved any discrep-
ancies by consensus.

RESULIS
Search results

We selected 439 articles, 186 of which were dupli-
cates. Three researchers analyzed the remaining 254
studies independently and 5 articles that fit the criteria
were selected (Figure 1).

Additional records
identified through

Records identified through databases searching:
PubMed (n = 223), CINAHL (n = 80),

other sources (n=12)

Cochrane (n=5), Scopus (n=119)

'

Records after duplicates
removed (n = 253)

'

Records screened at title
and abstract level (n = 241)

Records excluded at title and
abstract level (n = 223)

'

Full texts assessed
for eligibility (n = 18)

'

Studies included in qualitative
synthesis (n = 5)

Full text excluded because
non responded to the
limitation criteria (n = 25)

Figure 1
PRISMA Flow Diagram.
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Table 1
Methodological quality of included studies

1. Aims/ 2: explicitly described in article
outcomes AT
1:implied in article
0: unclear
2.Sample 2:random
formation ) . .
1: quasi-random, sequential series, or total
available
0: selected, historical, other
3. Inclusion/ 2: criteria clearly described
exclusion o ) i .
1:implied by patient characteristics, setting
0: unclear
4. Sample 2: three or four characteristics

characteristics

: one or two characteristics

no characteristics

]

5. Power of
study calculated

yes, appropriate

:yes, inappropriate

0:no
6. Outcome 2: objective or validated scale
measures 1: subjective/self-report
0: not explicit
7. Follow-up 2:>90% of patients enrolled/approached
1: 80%-90% of patients
0: <80% of patients/no information
8. Analysis 2:intention to treat/including all available data

1: excluding dropouts but evidence of bias
adjusted or no bias evident

0: excluding dropouts and no attention to bias

Total score (0-16) for observational studies

9. Baseline 2: none or adjusted
Ciese 1: differences unadjusted
0: no information
10. Unit of 2: appropriate
allocation
1: nearly
0:inappropriate
11. 2:random and concealed

Randomization
1: random but not concealed

0: randomization before protocol exclusions, or
no information

Total score (0-22) for experimental studies

Risk of bias in the studies

The description of the studies’ quality assessment and
risk of bias are provided in Table 1. The cohort studies
included demonstrated a low quality in selection crite-
ria [20-24], and no study included a statistical power
analysis [20-24].

Interventions to reduce LARS symptoms
Table 2 provides a summary of the studies’ character-

Altomare  D’Hondt Eftaiha Mege Vigorita
etal. 2017 etal. 2017 etal.2017 etal.2017 etal.2017
[23] [21] [20] [22] [24]

2 2 2 2 2

1 1 0 1 1

2 2 2 0 2

2 2 2 2 2

0 0 0 0 0

2 2 2 2 2

2 2 2 2 2

2 2 2 2 2

13/16 13/16 12/16 11/16 13/16

istics. The rehabilitative treatments used in the studies
included sacral nerve stimulation (SNS) [20-22] and
percutaneous tibial nerve stimulation (PTNS) [23, 24].

Sacral nerve stimulation intervention

Three studies addressed SNS [20-22] with a total of
43 participants; one was [21] prospective and the oth-
ers [20-22] retrospective. Patients included had under-
gone a surgical procedure for rectal cancer [20, 21] and
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Table 2
Data extraction of included studies

Author, year Aim
of publication,

country

Altomareetal. To test

2017 [23] effectiveness of
Italy and Spain PTNS in Fland Ul

in LARS.

Study design

Prospective

Follow up: 6
months

Sample

Method: convenience
N: 21

Age: average 66 + 5.8
years

Gender: M 47.6%
(10/21), F 52.4% (11/21)

Inclusion criteria:
postoperative after
rectal cancer free
from anastomotic
complications, age over
18 years, LARS score

> 20, LARS duration
for at least 12 months,
failure of conservative
therapy (diet, medical
treatments and BF)

Surgical procedure: LAR
in laparotomy 71.4%
(15/21),28.6% (6/21)
laparoscopy

Temporary stoma: 66.6%
(14/21)

Anastomosis type:
28.5% (6/21) EtE, 71.5%
(15/21) StE

Perioperative treatment:
preoperative 47,6%
(10/21), postoperative
61,9% (13/21) CT

other diseases, such as ulcerative recto-colitis [22].
Patients underwent low resection rectum (LAR) [20-
22] with laparoscopic [20, 21] and laparotomic [22] ap-
proaches, and received different treatments, including
chemotherapy [20, 21], and/or radiotherapy [22]. The

Instrument

LARS score
(Emmertsen and
Laurberg 2012)

TAPE score (Altomare
etal 2017)

FIQL (Rockwood et
al. 2000)

St Marks score
(Vaizey et al. 1999)

ODS score (Altomare
etal. 2008).

ICIQ-SF score (Tubaro
etal. 2006).

IUGA-Revised
(PISQIR) (Rogers et al.
2013) for woman

IIEF-5 Questionnaire
(SHIM) (Rosen et al.
1999) and PEDT score
(Symond et al. 2007)
for man

Baden-Walker score
for genital prolapse
(Baden and Walker

1972)

Urinary retention

Anorectal
manometry

Intervention/
description

PTNS

(12 sessions - 2

per week for the

first 4 weeks, and

1 per week for the
last 4 weeks - of 30
minutes. Stimulation
parameters were set
at 200 ps pulse width
and 20 Hz frequency.
Stimulation was
gradually increased
until sensory and/

or motor response
were seen and set

at a well-tolerated
intensity)

Results

The median LARS-score
significantly decreased
from 32 (IQ ranges 30-38)
to 27 (IQ ranges 17- 37,
p=0.009)

The TAPE-score signifi-
cantly improved from a
median value of 55 (IQ
ranges 49- 64.6) to 58 (IQ
ranges 51-70, p=0.004).

43% (9/21) of patients
reported a significant
(>50%) improvement
in the St Marks faecal

incontinence score

50% (3/6) of patients
showed an improvement
in ICIQ-SF for the urinary
incontinence score

ORIGINAL ARTICLES AND REVIEWS . . - ﬁ

The ODS score only
improved significantly
(>50%) in 3 of the 21
cases and its median
value was 9.5 (IQ ranges
7-14) before and 8.5 (1Q
ranges 4.7-10.7) after
PTNS (p=0.05)

Urinary retention was
absent in all patients
and no female patients
complained of genital
prolapse

All the male patients
except two and all the
eleven women were not
sexually active before
and after treatment.
Therefore, no changes
were observed concern-
ing sexual activity after
PTNS

The median FIQL score
at 6 months follow-up
however, did not show
significant changes in
any domain (lifestyle 2.7
vs 2.8, p=0.468, coping
1.6 vs 1.4 p=0.808,
depression 1.7 vs 1.9
p=0.56, embarrassment 1
vs 1.3 p=0.27).

The median resting and
squeezing anal pressures
did not change signifi-
cantly before and after
PTNS (33 (range 8-52) vs
35 (range 10-66) mmHg
for resting pressure, and
49 (range 32-124) vs 46
(range 34-125) mmHg for
squeeze pressure. Recto
anal inhibitory reflex was
presentin 5 patients

Drop out: none

Continues

authors included patients unresponsive to conserva-
tive therapy, such as diarrheal drugs [20-22], diet [20],
biofeedback (BF) [20], pelvic floor muscle exercises
(PFME) [21], or PEFME and BF combined [22].

With respect to the outcome assessment [20-22], ev-
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Table 2
Continued

Author, year A
of publication,

m Study design

country
D'Hondtetal.  To investigate Prospective
2017 [21] the impact Fallom U
. of SNS on all
Belgium months (1-13)
symptoms of
LARS
Eftaiha et al. To test the Retrospective
2017 [20] E;ﬁésacy of SNSin Follow up:195
Canada and ’ months (4-42)
USA

Sample

Method: convenience
N: 15
Age: average: 77.66

Gender: M 73.3%
(11/15), F 26.7% (4/15)

Inclusion criteria:
surgical treatment

for rectal cancer with
LARS, unresponsive to
conservative therapy
(such as ant diarrheal
drugs and pelvic floor
physiotherapy).

Surgical procedure:
LAR 100% with TME
86.6% (13/15) and
with PME 13.4% (2/15);
in laparotomy 53.3%
(8/15), in laparoscopy
46.7% (7/15)

Temporary stoma: 26.7%
(10/15)

Anastomosis type: EtE
26,6% (4/15) StE 20%
(3/15) and JP 53.4%
(8/15)

Perioperative
treatment: preoperative
80% (12/15) and
postoperative CT 86.6%
(13/15)

Method: convenience
N: 12
Age: average 67.8 £ 10.8

Gender: M 50% (6/12), F
50% (6/12)

Inclusion criteria:
surgical treatment of
rectal cancer, with LARS,
unresponsive to BF, fiber,
anti-mobility agents for
at least 12 months

Surgical procedure: LAR
in laparotomy 71.4%
(15/21) and laparoscopy
28.6% (6/21)

Temporary stoma: ND

Anastomosis type: CA
583% (7/12) and CR
41.7% (5/12)

Peri operative
treatment: preparative
CT 19% (4/21)

Instrument

LARS score
(Emmertsen and
Laurberg 2012).

CCF-FI (Jorge and
Wexner 1993).

Manometry, colpo-
cysto-defecography,
ultrasound of the
anal sphincter

LARS score
(Emmertsen and
Laurberg 2012)

CCF-FI (Jorge and
Wexner 1993)

Bowel diary

Anal manometry,

endo-anal ultrasound

and defaecography

Intervention/
description

SNS

(First, the efficacy of
the neurostimulation
for the patient was
verified through
percutaneous nerve
evaluation (PNE). The
lead was introduced
through the third
sacral foramen and
tested for 2 weeks)

SNS

(after failure of BF,
fiber, anti-motility
agents) 12 months)

Results

The mean Wexner scores
decreased from 17.7 to
4.6 (Z=2.93; p=0.003)

The mean LARS score
dropped from 36.9 to
114 (Z=2.93; p=0.003)

Drop out: 4/15

Four patients, all

with major LARS, had
insufficient response to
the PNE procedure

At a median follow-up of
19.5 months, there were
significant improvements
in CCF-Fl and in the LARS
Scores (p=0.001)

Drop out: none

Continues

ery study used the Cleveland Clinic Florida Fecal In-
continence (CCF-FI) [25], while diaries [20] for bowel
habit assessment and the fecal incontinence quality of
life score (FIQL) [26] were used for the QOL assess-
ment [22].

The longest follow-up was 19 months (range 4-42)
[20] and the shortest 9 (1-13) [21]. The outcomes
demonstrated a statistically significant improvement in
LARS syndrome [20-22], fecal incontinence (FI), and
QOL [22].

Percutaneous tibial nerve stimulation

Two prospective studies [23, 24] that included 31 pa-
tients addressed PTNS to assess its efficacy in improv-
ing LARS, QOL, fecal and urinary incontinence, sexual
dysfunction, and obstructed defecation. Patients under-
went perioperative chemotherapy [23] or preoperative
chemotherapy combined with postoperative radiother-
apy [24]. In each study [23, 24], patients were included
after conservative therapy failed (diet, drug, and BF).

Two studies [23, 34] used FIQL [26] to assess QOL;
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Table 2
Continued

Author, year
of publication,
country

Mege et al.
2017 [22]

France

Vigorita et al.
2017 [24]

Spain

Ai

m

To analyze the
effectiveness

of SNS on poor
functional results
and on the QOL,
after different
colorectal
resections.

To evaluate the
effectiveness of
treatment with
PTNS in LARS
and to identify
predictors of the
outcome

Study design

Retrospective

Follow up:
18 (3.5-91)
months

Prospective

Follow up: 6
week

Sample

Method: convenience
N: 16
Age: average 53

Gender: M 43.8% (7/11),
F 56.2% (9/16)

Inclusion criteria: surgi-
cal treatment for rectal
cancer or other diseases,
unresponsive to con-
servative therapy (i.e.
medications influencing
stool consistency, pelvic
floor rehabilitation and
biofeedback)

Surgical procedure: TP
44% (7/16), LAR with
TME 37% (6/16), LE 9%
(3/16)

Anastomosis type: IPAA
44% (7/16), CA 37%
(6/16) CR 19% (3/16)

Temporary stoma: 81.2%
(13/16)

Perioperative treatment:
preoperative 25% (4/16)
and postoperative CT
12.5% (2/16)

Method: convenience
N: 10
Age: average 62 years

Gender: M 60% (6/10), F
40% (4/10)

Inclusion criteria:
patients > 18 years
old, surgical treatment
for rectal cancer with
LARS, unresponsive to
conservative therapy
(i.e. medications, fiber
and biofeedback)

Surgical procedure: LAR
Anastomosis type: ND

Perioperative treatment:
CT 80% (8/10).
Preoperative 50% (5/10)
and postoperative RT

Intervention/
description

Instrument

LARS score SNS
(Emmertsen and
Laurberg 2012)

CCF-FI (Jorge and
Wexner 1993).

FIQL score
(Rockwood et al.
2000).

Endo-anal
ultrasonography
or pelvic Magnetic
Resonance

LARS score PTNS

(Emmertsen and )

(All patients had 2
Laioeg 20112 PTNS sessions per
CCF-FI (Jorge and week - 30 min for
Wexner 1993) 6 weeks. Therefore
patient with an

FlQL i

(Rgclfvcvgfd aidll improvement had

2000) ’ second phase of
PTNS)

Bowel diary

Endo-anal ultrasound
and

anal manometry

Results

In PC patient

fecal urgency had
improvement from 5 to
0 (p=0.02) and bowel
frequency from 11 to 5
(p=0.004); Fl from 4 to 1.8
(p=0.03)

InCAand CR
anastomosis bowel
frequency decreased
from 10 to 2 (p=0.04), FI
from 5 to 0.6 (p=0.02)
while bowel urgency
from 2 a 4.8 (p=0.86)

FIQL significantly
improved

Drop out: 2/16

LARS Score improvement
has observed in 50%

of patients with total
resolution of LARS in 20%
(2/10)

Fl decreased in 70%
(7/10) of the patients.

The median Wexner
score decreased from 14
(IQR 10.75-18.5) to 10
(IQR 6.5-18) after treat-
ment (p = 0.034)

A significant improve-
ment in FIQL score in
lifestyle, depression, and
daily defecation urgency
(p=0.05).

Drop out: 3/10

Only seven patients
(70%) responded posi-
tively after the first phase
and received the second
phase of treatment.
After the second phase,
three patients with major
LARS symptoms became
classified as minor LARS
and two patients with
minor LARS had resolu-
tion of the syndrome.
Two patients did not
show improvement in
LARSS; however, they
demonstrated an im-
provement in defecation
diary and FIQL Of the
three patients who did
not respond, two were
from the major LARS
group and one from the
minor LARS group

Continues

ORIGINAL ARTICLES AND REVIEWS . . . 5
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Table 2
Continued

F = female; M = male; ND = non described; FI = fecal incontinence; Ul = urinary incontinence; QOL = quality of life.

Surgical procedure: LAR = low anterior resection; LARS = low anterior resection syndrome; LE = left hemicolectomy; PEC = percutaneous endoscopic cecostomy;
PME = partial mesorectal excision; TME = total mesorectal excision; TP = total proctolectomy.

Anastomosis type: CA = coloanal anastomosis; CR = colorectal anastomosis; EtE = end-to-end anastomosis; HS = hand-sewn anastomosis; IPAA = ileal pouch-anal

anastomosis; JP = j-pouch anastomosis; StE = side-to-end anastomosis.

Treatments: AE = anterograde enema; BF = biofeedback; CT = chemotherapy; PNE = percutaneous nerve evaluation; PTNS = percutaneous tibial nerve

stimulation; RT = radiotherapy; SNS = Sacral Nerve Stimulation.
Scales:
Baden-Walker score ((Baden and Walker 1972): for genital prolapse assessment.

Cleveland Clinic Florida Fecal Incontinence (CCF-FI) scoring system or Wexner Fecal Incontinence Score (Jorge JM and Wexner SD 1993): to assess fecal incontinence. The
range score from 0-8 (midle incontinence), 9-14 (moderate incontinence), 15-20 (severe incontinence).

Fecal Incontinence Quality of Life score (FIQL) (Rockwood et al. 2000): to assess fecal incontinence quality of life: divided in 4 dimensions (Depression, Embarrassment,
Life Style and Coping). The score range from 1 (low quality of life) to 4 (good quality of life).

Gastrointestinal Quality of Life Index (GIQLI) (Slimet al. 1999): to assess quality of life in physical status, emotions, social integration, and the effect of medical

treatment. The score ranging from 0 to 144 (excellent).

International Index of Erectile Function (IIEF-5) (Rosen et al. 1999): diagnostic tool for erectile dysfunction.
International Consultation on Incontinence Questionnaires Short Form (ICIQ-SF) (Tubaro et al. 2006): for assessment of urinary incontinence.
Low Anterior Resection Syndrome score (LARS) (Emmertsen et al. 2012): to assess LARS syndrome. The range score was from 0 to 42: 0 to 20 (no LARS), 21 to 29 (minor

LARS), and 30 to 42 (major LARS).

Obstructed Defecation Syndrome (ODS) (Altomare et al. 2008): to assess obstructed defecation.

Pelvic Organ Prolapse/Incontinence Sexual Questionnaire IUGA-Revised (PISQIR) (Rogers et al. 2013): questionnaire for sexual dysfunction.

Premature Ejaculation Diagnostic Tool (PEDT) (Symond et al. 2017): for assessment sexual disfunction in man.

St. Mark’s score (Vaizey et al. 1999): to assess fecal incontinence. The score range from 0 (continence) to 24 (incontinence).

Three Axial Perineal Evaluation score (TAPE) (Atlomare et al. 2017): to assess pelvic floor function evaluation (urinary, fecal and sexual) normal value 100% of

hexagonal area.

Urinary retention: was scored according to the volume of urine retention if present (score 0 when absent, 1 if >50 ml, 2 if between 50-100ml and 3 if > 100ml of

urine).

one used the CCF-FI [25] and bowel diary to evalu-
ate fecal incontinence and bowel movement; another
[23] adopted the St Marks score [27] for fecal inconti-
nence assessment, while the other studies adopted the
three axial perineal evaluation (TAPE) score [28, 29]
(comprehensive of the obstructed defecation syndrome
(ODS) score [30], the International Consultation on
Incontinence Questionnaire-Short Form (ICIQ-SF)
score [31], the Pelvic Organ Prolapse/Urinary Incon-
tinence Sexual Questionnaire (PISQIR) (IUGA-Re-
vised) [32],the International Index of Erectile Function
(IIEF-5) Questionnaire (SHIM) [33], the Premature
Ejaculation Diagnostic Tool (PEDT) score [34],and the
Baden-Walker score [35] to measure obstructed def-
ecation, urinary incontinence, sexual dysfunctions, and
genital prolapse. Urinary retention was scored accord-
ing to the volume of urine retention, if present (score 0
when absent, 1 if > 50 ml, 2 if between 50-100 ml, and
3 if > 100 ml of urine) and FI with the anal manometry
for pressure assessment [23]. Follow up occurred from
6 weeks [24] to 6 months [23].

Patients reported a significant improvement in fecal
and urinary incontinence; obstructive defecation im-
proved in only three patients, and because the sample
was not sexually active, sexual function was not assessed
[23]. There were no significant changes in the FIQL
and in anal pressure after PTNS [23]. In one study
[24], all patients underwent PTNS in the first phase
of the study; however, only those who experienced an
improvement in incontinence (70%) were included in
the second phase, and three patients showed no LARS
improvements. In this study, QOL improved in lifestyle,
depression, daily defecation, and urgency.

DISCUSSION

Eighty percent of patients who undergo a low or very
low rectal anterior resection with sphincter preservation
will experience LARS [2],a syndrome that has adverse

effects on patients’ QOL, in the postoperative period
[2-4].

Currently, no indications of the best rehabilitative in-
terventions are available, and thus, we conducted this
review to identify the treatments that reduce LARS
symptoms best in patients who have undergone surgery.

Methodological issues

The methodological quality of the studies selected
differed significantly and all had a small sample size.
Two used a retrospective design [20-22] that may
have introduced a recall bias because patients must
remember their symptoms. Moreover, the prospec-
tive studies used follow-up times that ranged from 6
weeks [24] to 91 months [22]. The literature under-
scored the fact that LARS appears immediately after
surgery, becomes more evident during the first several
months, and stabilizes after approximately one to two
years [7]; with this assumption, follow-up times up to
two years should be appropriate. At the same time,
we should consider the results of studies with shorter
follow-up times with caution, because patients likely
will experience further improvements in outcomes.
Moreover, the studies with long follow-ups may be as-
sociated with a high percentage of drop out and the
possibility of confounding variables biases, such as age
or changes in clinical conditions [36], and the author
can attribute treatment efficacy or failure to the level
of the anastomosis from the anal verge (lower anas-
tomosis might have worst results) and preoperative
radiotherapy [24]. Therefore, these factors’ potential
roles must be explored in future studies, which also
should include larger samples to assess the differences
in treatment results with respect to the surgical proce-
dure and perioperative treatments.

The studies’ inclusion criteria also differed greatly.
One source of bias may be the inclusion of patient
with a temporary stoma. The presence of a temporary
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ileostomy is a risk factor for bowel dysfunction follow-
ing surgery [37, 38] because prolonged inactivity of the
pelvic floor and sphincter complex contributes to LARS
[39-40].

The researchers used different instruments to assess
LARS outcomes, QOL, and incontinence, and thus,
the results of the studies are not comparable; more-
over, a meta-analysis cannot be conducted. Therefore,
we should consider the outcomes evaluations with cau-
tion. In addition, the LARS score simply is a screen-
ing instrument [21] and does not consider urinary and
sexual dysfunction, which are included as symptoms in
LARS syndrome [41, 42]. With this assumption, LARS
[18] scores always should be accompanied by the TAPE
score [28, 29].

Treatments to reduce LARS symptoms

We selected studies that included adult patients who
underwent low rectum resection with sphincter preserva-
tion and with pre/post LARS evaluation. The treatments
analyzed were the SNS [20-22] and PTNS [23, 24].

The patients recruited were treated first with con-
servative therapy, including constipating medications,
physiotherapeutic pelvic floor exercises, and biofeed-
back, all of which have been demonstrated effective
in improving FI, bowel movement [43-45], and QOL
[43-45]. We need stronger evidence about conservative
therapy’s efficacy and which outcomes it improves most
effectively; these findings should indicate whether to
submit patients for conservative therapy initially, and
then, in cases of inefficacy, for other treatments.

Two studies [23, 24] considered PTNS treatment.
One [23] concluded that it offers a moderate improve-
ment in LARS syndrome, but argued that it can be asso-
ciated with the time or the level of the anastomosis and
preoperative treatment, while the other study [24] in-
cluded a sample of only 10 patients and considered only
those who showed improvement after the first phase of
PTNS in the outcome assessment. Among these, two
demonstrated no improvement in the LARS score, but
QOL and defecation habits did improve [24]. Future
studies should investigate more thoroughly the roles the
anastomosis level and type and preoperative treatment
(chemotherapy and radiotherapy) play in the LARS re-
habilitation process.

Three studies addressed SNS efficacy in improving
LARS [20-22]. One found improvement in such FI and
LARS symptoms as clustering and urgency. The sec-
ond [21] demonstrated that SNS is effective for LARS
and FI, fragmentation, and urgency, but four patients,
all with major LARS, had insufficient responses to the
treatment. The final study [22] was multi-centric, but
retrospective, with a small sample, and found improve-
ment in FI, LARS scores, stool frequency, and urgen-
cy in 86% of cases. In the outcome evaluation, these
authors [20-22] also used manometry [20-22], colpo-
cysto-defecography [20-22], ultrasound of the anal
sphincter [20-22], anorectal dyssynergy [22], sphincter
electromyogram [22], and magnetic resonance [22],
and not simply self-reports or medical records alone.
However, there were no post treatment data on these
evaluations.

It is difficult to judge which treatment is the best, be-
cause only two studies considered PTNS [23, 24] and
only one [23] evaluated patient outcomes thoroughly
and extensively. Moreover, the authors argued about
moderate improvement [23] or excluded patients who
did not improve during the first phase of the study
from the second phase of PTNS [24]. Among the three
studies that evaluated SNS [20-22], two demonstrated
improved outcomes, although they were retrospective
[2,22]. Our conclusion seems to confirm Ramage et al.
finding, in which the authors reported a significant im-
provement of LARS symptoms in 74% of patients after
SNS. However, this technique’s high cost also must be
considered [46].

This review has several limitations. We consulted
only certain databases and included only those studies
with abstracts available. Therefore, despite the system-
atic approach we used to identify studies, these con-
ditions may have excluded some publications. Lastly,
by including only studies with pre and post treatment
LARS score evaluations, we may have excluded from
our review studies that reported potentially valid treat-
ments.

Implications for practice and further research

Future studies must be multi-centric RCTs with larg-
er samples of patients who have failed to respond to
conservative therapy. Further, great attention should
be given to the patient inclusion criteria. Because the
LARS etiology is multifactorial [47, 48], we must con-
sider patient groups that represent every surgical proce-
dure and perioperative treatment.

Moreover, the follow up time should be approximate-
ly two years, because LARS symptoms have stabilized
by that time [7].

In clinical practice patients should evaluate with the
LARS [18] and TAPE scores [28, 29] in pre and post
treatment, and the FIQL [26] should be considered in
the QOL assessment. Only two studies [32, 33] consid-
er the urinary and sexual dysfunction which are includ-
ed as symptoms in LARS syndrome [41, 42]. Physician
should take into consideration any patient problem and
should include in their interventions also the caregiv-
ers. In addition, our findings highlight the importance
to include in education programs the best rehabilitation
strategies for the patient affected of LARS.

CONCLUSION

Most patients who undergo a low or very low rectal
anterior resection experience LARS postoperatively, a
syndrome that has significant adverse effects on their
satisfaction and QOL. From our review, SNS seems to
be the most effective treatment for LARS symptoms
and is less expensive than is PTNS; however, PTNS is a
minimally invasive procedure [23].

Future research must be implemented with higher
quality studies and with pre-post treatment assessment
with LARS scores. This will allow us to develop the
most effective intervention protocol, with the goal of
identifying the least invasive and most effective treat-
ment for LARS.
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Abstract Key words
Background. Syringomyelia and Chiari Syndrome are classified as rare diseases, but | © epidemiology

current known occurrence in Europe is missing. The increased ability to diagnose these | e rare disease
pathologies by magnetic resonance imaging and its widespread availability has led to an | ® Syringomyelia
increase of reported cases, often asymptomatic, with the need to standardize definitions, | ® Chiari Malformation
diagnostic criteria and treatments. ¢ recommendations

Aims. We present shared Interregional Recommendations developed with the primary
aim to estimate Syringomyelia and Chiari Syndrome prevalence and incidence in North
Western Italy, with special reference to symptomatic forms.

Methods. An agreement for the standardization of definitions, classifications, diagnostic
criteria and surgical Recommendations was reached by the multidisciplinary Interregion-
al Piemonte and Valle d’Aosta Chiari-Syringomyelia Consortium (Delphi method); next,
in 2011 a census for Syringomyelia and Chiari Malformation was performed through the
Interregional Piemonte and Valle d’Aosta Rare Disease Registry, integrated by a dedi-
cated form in order to estimate prevalence and incidence.

Results. 436 patients, 292 females, met shared interregional diagnostic criteria. Syringo-
myelia prevalence was estimated in 4.84:100 000; Chiari Malformation prevalence was
7.74:100 000; incidence was 0.82:100 000 and 3.08:100 000 respectively. Demographics,
neuroradiological parameters and aetiology were reported (in symptomatic and asymp-
tomatic forms). Finally, symptoms and signs, familiar and natural history were analyzed.
Conclusions. First Italian epidemiological data (prevalence, incidence) on Chiari and
syringomyelia was collected, according to shared diagnostic Recommendations. Future
perspectives include the adoption of these Recommendations at national level to stan-
dardize the access to diagnosis and care process and promote multicenter clinical trials.
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INTRODUCTION

Syringomyelia (Syr) is morphologically defined at
magnetic resonance imaging (MRI) as the presence of
single or multiple fluid-filled cavity (syrinx) within the
parenchyma of the spinal cord and/or the bulb (Syringo-
bulbia) and classified as a rare disease (ORPHA3280).
About 50% of Syr patients have severe neurological dam-
age, chronic-progressive disability with complete loss
of independence. Prognostically speaking, even more
unfavourable is the presence of Syringobulbia (swal-
lowing and breathing bulbar centers involved). Before
1968, neurologists diagnosed Syr only by typical neu-
rological symptoms. Since the introduction of CT my-
elography and MRI techniques for spinal cord imaging,
the diagnosis has become easier, and many cases have
been reported. In studies conducted before the advent
of modern neuroimaging, prevalence ranged from 3.3 to
8.5/100 000 [1-3]; after the advent of MRI estimated
prevalence ranged from 1.9 to 8.4/100 000 [4, 5].

Chiari Malformation (CM) includes a heterogeneous
group of abnormalities characterized by the caudal cer-
ebellum ptosis through the foramen magnum; clinical
manifestations define the Arnold-Chiari or Chiari Syn-
drome (CS). The malformation can cause a wide variety
of neurological symptoms, often vague or nonspecific,
such as headaches, ocular disturbances, otoneurologic
disturbances, lower cranial nerve signs, cerebellar ataxia,
or spasticity [6]. Onset of symptoms is usually in the
third decade of life. However, many individuals with
CM remain asymptomatic even later in life. A US study
estimated 400 000 patients affected by Chiari type 1
Malformation (CMI), the most common CM type. The
epidemiology of CMI malformation has been scarcely
investigated. The true population prevalence of CMI is
unknown and there are no studies on CMI incidence. A
retrospective analysis of more than 22 000 neuroimaging
diagnoses [7] provided indirect data of CMI prevalence,
estimable in 1:1280 (0.77%). When CM is defined by
cerebellar tonsil position 5 mm or more below the fora-
men magnum, imaging prevalence studies estimate CM
prevalence at between 0.24 and 3.6% of the population
[8]; the discrepancy between these estimates is a result
of the different age groups analysed, substantially higher
in children and young adults compared with older adults.
In Italy and in the European Community the CMI is
classified as a rare disease (ORPHA268882), but cur-
rent known occurrence data in Europe is missing.

The increased ability to diagnose CM and Syr by MRI
and its widespread availability has led to an increase of
reported cases, often asymptomatic or minimally symp-
tomatic, with the need to standardize definitions, diag-
nostic criteria and treatments.

In 2001 DM 279/2001, National Law [9] set up the
Italian National Network for rare diseases, to deal with
the prevention, surveillance, diagnosis and treatment of
rare diseases (RD), including Arnold-Chiari or Chiari
Syndrome; the same law activated the RD National Reg-
istry located at the Istituto Superiore di Sanita, which is
expected to receive epidemiological data from Regional
Registries. A Regional Decree (2/3/2004, n. 22-11870)
established the Piemonte Regional Network for the pre-
vention, screening, diagnosis and therapy of RD. More-

over, it obliges the Hospital Units to report RD in the
Regional Registry [10], with epidemiological and legisla-
tive purposes (i.e. to regulate the access on exemption
path for RD). In 2005 because of the low prevalence
estimates, the potential clinical severity in chronically
debilitating nature and the resulting significant expense
for its treatment, Syr was inserted as RD involving the
nervous system in Piemonte and Valle d’Aosta [11].
Now, with the adoption of the new National law on Es-
sential Assistance Levels [12], Syr is recognized also as
RD in all Italian regions, but previously this was recog-
nized as RD only in Piemonte, Valle d’Aosta, Toscana
and Marche; for this reason Italian epidemiological data
on Syr was not available in the RD National Registry.

Syr and CM are classified as rare diseases on Or-
phanet, the International reference portal for RD and
orphan drugs, but current prevalence data is missing.

Guidelines on diagnostic criteria and case definition
are missing, and consequently estimation of the preva-
lence in Piemonte and Valle d’Aosta for symptomatic
and asymptomatic forms are missing.

In 2008 a consortium dedicated to the study of Syr
and CM began its activity in the Piemonte and Valle
D’Aosta regions, as part of the Rare Diseases Network
of the Italian National Health Service, with the aims to
standardize/share definitions, classifications, care and
diagnostic approaches.

The consortium, named the Interregional Chiari-
Syringomyelia Consortium (CSC), was composed by
clinicians (neurologists, neurosurgeons, neuroradi-
ologists, physiatrists, neuro-urologists, psychologists,
speech pathologists, spinal surgeons, pain specialists),
experts of public health for RD, and patient association
representatives [13]. In 2010 the CSC Recommenda-
tions were proposed: some of these indications derived
from the outcomes of the CSC meetings, others were
from the First International Chiari Consensus Confer-
ence, held in Milan in 2009 [14].

Diagnostic, Surgical and Rehabilitative Recommenda-
tions were approved by the members of Technical-Spe-
cialized Task-force supporting the Regional Center of
Coordination for RD and by the following scientific so-
cieties: Italian Society of Neurology, Piemonte and Valle
d’Aosta section; Italian Society of Neurologists, Neuro-
surgeons, Neuroradiologists, Piemonte-Valle d'Aosta-
Liguria section; Italian Society of Physical Medicine
and Rehabilitation, Piemonte section [15]. The docu-
ment was published as technical-scientific integration of
the Regional Legislation (DGR n. 95-13748, 29 March
2010), specifying the Institution of the first Center of Ex-
pertise for Chiari and Syringomyelia in Torino [16, 17].

In this study, based on the Interregional Recommen-
dations, we present the first estimation of prevalence
and incidence of Syr and CM in North Western Italy
(Piemonte and Valle d’Aosta), with special reference to
symptomatic forms (Symptomatic Syringomyelia: SS;
Chiari Syndrome: CS).

MATERIAL AND METHODS
Interregional recommendations

In order to estimate the epidemiological indices
(prevalence and incidence), the diagnostic criteria used
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for case definition was based on the Interregional Diag-
nostic, Surgical and Rehabilitative Recommendations.
The Recommendations were developed following sev-
eral steps: a) collecting all available evidence on clini-
cal studies related to Syr and CM. The following da-
tabases were queried for literature review on Syr and
CM: Medline (PubMed interface, www.pubmed.gov),
Cochrane Library (Health Library of Piedmont, www.
bvspiemonte.it), National Guidelines Clearinghouse
(www.guideline.gov). The literature searching strat-
egy was conducted by combining: the Medical Sub-
ject Heading (MeSH): “Arnold-Chiari Malformation”
or “Syringomyelia” or “Arnold-Chiari Malformation”
AND “Syringomyelia”; Publication type (PT): “System-
atic Reviews”, “Practice Guideline”, “Meta-Analysis”,
“Randomized Controlled Trial”; b) assessing studies for
relevance. All studies were selected and critically evalu-
ated. Results with low evidence level were restricted
for date (last 10 years) and language (English, French,
German, Spanish, Italian); these were also selected and
critically evaluated; c) categorising the evidence. Each
expert member expressed an evaluation of the articles,
giving a score between 0 (strongly disagree) and 10
(strongly agree), according to the Delphi method [18].
If there was an agreement, the document was revisited
in textual form and submitted to the working group for
the final approval and subsequent drafting of the ulti-
mate document; for evaluation lower or equal to 7 it
was necessary to propose an alternative text version and
relative notes. If no agreement was reached, the docu-
ment came back to the recommendation authors with
comments for necessary changes and resubmitted to
the experts involved. When an agreement was reached,
the document in the preliminary form was prepared and
submitted to the judgment of the entire experts group
for final consensus. A description of the sections of the
Recommendations including classifications, radiologi-
cal and clinical definitions, surgical and conservative
indications are reported in Table 1 and Table 2.

Census study

According to these Recommendations, in 2011 a
Syr and Chiari census study was performed through
the Interregional Piemonte and Valle d'Aosta Registry
of RD, integrated by a dedicated Case Report Form,
reported in Figure 1; the CSC form was developed by
the Chiari-Syringomyelia Consortium and filled out by
every specialist (neurologist or neurosurgeon) involved
in the diagnosis.

We integrate the data extracted from the RD Reg-
istry (minimal data set) with the CSC form in order
to estimate Syr and Chiari prevalence and incidence;
moreover, the CSC form enriched the information pro-
viding further socio-demographics and clinical data.
The study was approved by the Local Ethic Committee
(“Prospective collaborative epidemiologic, clinic and
genetic study in CM with and without Syr, hereditary
connective tissue disorders and tethered cord”, Proto-
col n. 7837, 1/2/2010, Citta della Salute e della Scienza
di Torino Hospital, Turin). All partecipants gave signed
informed consent at the time of inclusion in the census
study.

Statistical analysis

Up to 31 December 2011, the Syr and Chiari age
standardized prevalence and the incidence rate in 2011
with 95% confidence intervals (95% CI) in Piemonte
and Valle d’Aosta Regions was estimated. The preva-
lence (number of alive diagnoses up to 2011 year) and
the incidence (number of new reported cases in 2011
year) were estimated using both the Interregional
Piemonte and Valle d’Aosta Rare Disease Registry and
the CSC census data for symptomatic forms. The CSC
census data was also used to analyse asymptomatic
forms. The standardization was performed by a direct
method using the Italian census population at 1+ Janu-
ary 2011 year (respectively 4 457 335 inhabitants in
Piemonte and 128 230 in Valle d’Aosta, 4 585 565 to-
tal population), according to ISTAT census data (2012)
[18, 19]. Confidence intervals were calculated assum-
ing a Poisson distribution.

Basic statistics in terms of frequencies (absolute and
percentage values) were calculated for: socio-demo-
graphic data, age at diagnosis, age at survey, diagnostic
delay, MRI parameters (morphology/level), diagnoses,
associated conditions, neurological symptoms/signs,
types of surgery.

All statistical analyses were performed using the Sta-
ta statistical software (StataCorp. Statistical Software:
Release 7.0. College Station, TX: Stata Corporation.
2001).

RESULTS
Census results

Using CSC form, 436 patients (292 females and 144
males) met shared diagnostic criteria for Syr and/or CM
(Table 3). Demographics, MRI parameters (morphol-
ogy/level), diagnoses, associated conditions, estimated
prevalence and incidence data were reported respec-
tively in 347 CM patients and in 217 patients affected
by Syr. Percentage of symptomatic Chiari (CS) and
symptomatic Syr (SS) are represented in Figure 2. In
2011 the estimated Syr prevalence is 4.84:100 000 and
incidence is 0.82:100 000; the estimated CM preva-
lence is 7.74:100 000, incidence 3.08:100 000 (Table 4
and Table 5).

Description of clinical manifestations

Major neurological symptoms in CS and in SS were
respectively: headache (48% and 28%), cervical pain
(30% and 24%), loss of balance (30% and 18%). Major
neurological signs in CS and in SS respectively were:
sensory disorders (48% and 70%), motor disorders
(32% and 60%), cranial nerves (41% and 40%), auto-
nomic bladder disorders (14% and 19%). Neuropathic
pain, defined on the basis of a DN4 questionnaire score
higher or equal than 4 [30], was 19% in CS and 32% in
SS. Familiar history was positive in 5% in CS and in 2%
in SS (familiar forms); pregnancy was carried out by
vaginal delivery in 67% and 55% respectively in CS and
SS, while by caesarean delivery (general anaesthesia) in
23% and 35%. Scoliosis was reported in 29% of all CM
and 32% of all Syr; 43 patients (25%) presented with
scoliosis, CM1 and Syr.

In our study females are prevalent in all groups (Table
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Table 1

Diagnostic Recommendations for Chiari 1 Malformation and Syringomyelia (elaborated by the Interregional Chiari and Syringo-

myelia Consortium)

Chiari Malformation (CM) classification

CM is a congenital anomaly of the cerebellum associated or not with neural tube defects

1. CM I: paraxial mesoderm disorder, with abnormalities of the posterior cranial fossa (mostly small) and the consequent descent of the
cerebellar tonsils
CMI-A: with Syr in MRI
CMI-B: without Syr in MRI

2. CM II: associated with myelomeningocele (prevalent in childhood), hydrocephalus, and, less frequently, hydrosyringomyelia Other types

of intracranial defects (hypoplastic tentorium cerebelli, cranial lacunae, anomalies of the Sylvius agueduct) may exist
3. CMIIl: intracranial defects associated with Chiari Il Malformation (very rare and severe form)
4. CMIV: cerebellar aplasia or hypoplasia, associated with aplasia of the tentorium cerebelli [21]

Chiari Malformation: “subtypes” classification

1. Classical CMI + craniosynostosis + osteopetrosis

2. CMIl + Tethered Cord Syndrome (TCS)

3. CMI+ inherited disorders of connective tissue-HDCT (i.e. Ehlers-Danlos syndrome)
4. Hypertension intracranial + hydrocephalus + space occupying process

5. Hypotension intraspinal CSF + lumbo-peritoneal shunting [22]

Chiari Malformation (neuroradiological) definition

According to IHS diagnostic criteria (the second updated edition of “International Classification of Headache Disorders’, code 7.7), cerebellar

tonsillar herniation is defined by one of the following on craniocervical MRI:
+ > 5mm caudal descent of the cerebellar tonsils

> 3 mm caudal descent of the cerebellar tonsils plus at least one of the following indicators of crowding of the subarachnoid space in

the area of the craniocervical junction:

compression of the CSF spaces posterior and lateral to the cerebellum

reduced height of the supraocciput

increased slope of the tentorium

kinking of the medulla oblongata [23]

Chiari Syndrome definition
CS is the clinical manifestation (symptoms and signs) of CM (radiologically defined), or “symptomatic Chiari”
Clinical diagnostic criteria (symptoms and neurological signs) are:
1. Headache, according to IHS diagnostic criteria characterised by at least one of the following criteria:
- precipitated by cough and/or Valsalva manoeuvre
- occipital and/or sub-occipital headache
- associated with symptoms and/or signs of brainstem, cerebellar and/or cervical cord dysfunction
2. Otoneurogical symptoms and/or signs (eg, dizziness, disequilibrium, sensations of alteration in ear pressure, hypacusia or hyperacusia,
down-beat nystagmus, oscillopsia)
3. Transient visual symptoms (spark photopsias, visual blurring, diplopia or transient visual field deficits)
4. Demonstration of clinical signs relevant to cervical cord, brainstem or lower cranial nerves or of ataxia or dysmetria

Notes: for the diagnosis of Chiari Syndrome, in addition to the typical headache (criterion 1), neurological symptoms/signs (at least two of criteria
2-4), evidence of posterior fossa dysfunction, are mandatory [23]

Syringomyelia/Hydromyelia: classification and definition
1. Type I: with obstruction of the foramen magnum and dilation of the central spinal canal
A) Associated with CMI
B) Associated with other obstructive lesions of the foramen magnum
2. Type lI: syringomyelia without obstruction of the foramen magnum, or idiopathic
3. Type lll: syringomyelia with other diseases of the spinal cord
A) Spinal cord tumours (usually intraspinal)
B) Traumatic myelopathy
C) Spinal arachnoiditis and pachymeningitis
D) Myelomalacia due to compression of the spinal cord (tumour, spondylosis)
4. Type IV: pure hydromyelia, developmental widening of the central canal of the spinal cord, usually associated with hydrocephalus

Notes: 1) The diagnosis of Syringomyelia-Syringobulbia is attributable by neurologists or neurosurgeons in the presence of Syrinx/Syringobulbia
at MRl 'in addition to spinal/bulbar signs related to the syrinx level. The clinical criteria are mandatory; 2) Hydromyelia is an intramedullary,
centrally located, non-enhancing, slit-like cavitation, often localized short-segment and occurring in a non-enlarged or only slightly enlarged
spinal cord (“idiopathic localized hydromyelia®); clinically, patients present without neurological deficits but unspecific pain syndromes; they lack
electrophysiological alterations and progressive signs/symptoms specifically related to the spinal cord [24].

3), and in particular in the CM group (68%). A slight
prevalence of employed compared to unemployed (stu-
dent and retired person) is present in the Syr group.
Maybe this is due to the small sample size in the pedi-
atric subgroup in Syr (<18 yrs, students = 11%) com-
pared to CM (20%) with average age at diagnosis of
34 yrs (lower than 36 yrs of Syr group). This may have

a significant social impact for the high prevalence of
symptomatic forms in Syr (62%), potentially severely
disabling, compared with a lower percentage (40%) of
Chiari symptomatic forms (Figure 2, Tables 4, 5). Per-
centage in the over 60 yrs subgroup (retired person) is
similar in both groups (18% CM and 22% Syr, Table 3).

Among CM, isolated form (CMI-B) is more frequent
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Table 2

Surgical Recommendations for Chiari 1 Malformation and Syringomyelia (elaborated by the Interregional Chiari and Syringomy-

elia Consortium)

CSC Surgical Recommendations

CM |-B symptomatic (CS isolated): children and adults with headache (typical) + auditory/cerebellar/spinal/visual signs
CM I-A (CM | + Syr): children and adults, symptomatic and asymptomatic, especially in the case of

1) holocord syringomyelia
evolutionary trend (clinical/MRI worsening),

2)
3) central syringe and Vaquero Index >0.5 [25] or eccentric syringe
4)

syringomyelia with syringobulbia (spinal/bulbar signes)

Notes:1 In children with CMI-A surgical indications are larger, even if asymptomatic (prognostic value of early surgery: disappearance/reduction
of syringe), while in children with CM I-B (without syringe) surgical indications are not clear in asymptomatic forms (“wait and see’, with clinical
and neuroradiological follow-up); 2) Asymptomatic and isolated Syringomyelia: in children and in adults surgical indications are not clear; if
symptomatic forms, no consensus for surgery; 3) Post-traumatic Syringomyelia: no indication for direct decompression at the time of initial injury;
a strong recommendation for surgical intervention in the presence (setting) of motor neurologic deterioration; a weak recommendation against
surgical intervention for patients developing sensory loss/pain syndrome or for asymptomatic but expanding syrinx [26, 27].

Neurosurgical strategies
« CMI-A (with syrinx) and CMI-B symptomatic

First Line: C1 occipito-cervical decompression with dura opening and dural plastic
In children with isolated CM, surgery can be limited to the bone decompression (delamination of the atlanto-occipital ligament),

without duraplasty [28, 29]

CM 1 and hydrocephalus

First Line: third ventriculostomy by endoscopy

Second Line: osteo-dural decompression of the posterior fossa
Re-interventions

For patients developing neurological deterioration and expanding syringe (failure of first/second Line surgery)

Notes:1) Surgical efficacy is inversely proportional to the number of treatments; 2) Section of the filum terminale (in presence of ‘occult” tethered
cord) is not a procedure of choice in the treatment of Chiari Syndrome; spinal cord detethering in CMI is accepted only when a real tethered cord is

associated.

(58%), while CMI-A type (CMI and Syr) is just 36%,
according to literature data reporting association ranges
32-74%. CM type 2 (CMII) is reported in 1%; other
associated conditions, such as retroflexed odontoid,
hydrocephalus, Klippel-Feil, Tethered Cord Syndrome,
are reported in 5% of the cohort. Syr type I (associated
to CM1) is the prevalent clinical phenotype (59%),
while isolated Syr is at 41% (18% pure hydromyelia,
14% secondary and 9% idiopathic). Males are more
symptomatic than females in both symptomatic groups
(47% in CS, 64% in SS), even if the estimations on gen-
der and on measure of tonsillar herniation don't identify
associated risk factors in CS patients.

Hydromyelia patients (Pure-Hydromyelia included)
are less than a third of Syr and are mostly asymptom-
atic (82%); this result on MRI morphology confirms the
trend of Hydromyelia in presenting a low risk of clinical
evolution towards symptomatic forms (18%).

Negative prognostic factors in the Syr group, with
higher percentage (> 50%) of symptomatic patients
(SS), are identified (Table 5). MRI syrinx distribution:
cranial level (syringobulbia 100%, cervical 61%) in fo-
cal/single cavity; MRI syrinx extension (multilevel or
olocorde 81%); actiology (Secondary 77% and Primary
74%). In CS (Table 4) positive prognostic factor (poor/
any clinical evolution) at MRI morphology (as tonsillar
herniation length 25 mm/3-4 mm/<3 mm) is a tonsillar
descent <3 mm (100% in ACM), while a descent >5
mm is not a significant prognostic indicator to clinical
evolution in CS.

Among different clinical phenotypes: CMII is the less
frequent and the most severe form (100% CS); CMI-A
and other associated condition forms are symptomatic

in approximately 60% of cases; CMI-B (isolated Chiari)
is mostly asymptomatic with just 25% of CS (Table 4).

A high percentage of SS patients has sensory and
motor disturbances (respectively 70% and 60%); neu-
ropathic pain is relevant in Syr (32%), much more
frequent than in CS group (19%). Percentage of auto-
nomic disturbances (bladder dysfunction) is similar in
both groups (19% SS vs 14% CS). Familiar forms are
reported, confirming a role for genetic factors in the dis-
ease pathogenesis.

DISCUSSION

This study reports diagnostic and surgical Recom-
mendations for Chiari and Syr, according to the In-
ternational Consensus Conference in Milan in 2009,
including a panel of experts, developed by the Inter-
regional Piemonte and Valle d’Aosta Chiari and Syrin-
gomyelia Consortium [13, 14, 15].

Based on these diagnostic Recommendations, the
first Italian epidemiological study for CM and Syr was
designed to estimate prevalence and incidence in symp-
tomatic and asymptomatic forms.

Our census study involved patients diagnosed in
Piemonte and Valle d'Aosta hospitals, with a total
population of 4 484 469 inhabitants, with a 99% Cau-
casian ethnic group. The prevalence estimation for Syr
was similar to that reported in a New Zealand study [4]
relative to prevalence in Caucasians (5.4/100 000), but
was higher than the results of a nationwide survey in
Japan, where prevalence was estimated in 1.9/100 000
[5]. We reported, to our knowledge, the first incidence
estimates for Syr and Chiari in literature at internation-
al level.
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Azlenda CTO Hospital

A. O. Citta della Salute e della Scienza di Torino
Interregional Centre of Expertise for Syringomyelia and Chiari-CRESSC

Scoliosis: OYES [ NO
Surgery: OMC O Syr [0 MC+Syr
- Date: / /
- PFD**:QOYESO NO

- Other Type:

x&m Via Zuretti 29 — 10126 Torino
CHIARI-SYRINGOMYELIA CENSUS FORM

Center Name: Country: Date: / /

Patient: Birthplace: Birth date: / /

Residence: Gender: OF O M Occupational status: [ Employed (JUnemployed*
Partecipant Race: (JWhite I Black [ Hispanic 1 Asian [ Other:

Medical history and family
MC/Syr familiarity: OYES O NO (if yes, affected relative: )

Pregnancy: OJYES ONO (if yes: Ophysiological delivery [Jgeneral anaesthesia)
Number of surgery:

- (if yes: [Obony Josteo-dural ] osteo-dural+ duraplasty [Josteo-dural+ tonsillar coagulation)

Pathological MRI:

Signs and symptoms:

Diagnosis date : / /

OCMII (Myelomeningocele: JYES [ NO)
OChiari Syndrome

(level: Ocervical [dorsal [Jcervical-dorsal)
Syringobulbia

OBrain [JSpinal cord [JBrain+spinal cord

OJHeadache Loss of balance [JCervical pain [J Dysphagia [J Nystagmus [J Neuropathic pain
OHyposthenia UL *** OHyposthenia LL**** ] Upper MTN signs***** ] Lower MTN signs™*****
Paraparesis [] Tetraparesis [JParaplegia [J Tetraplegia [] Spasticity [JHypoaesthesia UL***
OHypoaesthesia LL**** ] Sensory Levels [ Paraesthesia (JUrge-incontinence [] Incontinence

OCMI (Tonsillar herniation : [ <3mm [ 3-4mm [ >5mm)

O Primary Syringomyelia [Jldiophatic Syringomyelia (JSecondary Syringomyelia
OHydromyelia (level: [Jcervical [Jdorsal [Jcervico-dorsal)
OHydrocephalus [0 TCS O Occult TCS [JRetroflexed Odontoid ] Klippel-Feil

*Unemployed person, retired persons, students; **PFD: Posterior Fossa Decompression;
*#% UL: upper limbs; ****LL: lower limbs; ***** MTN: motoneuron

Figure 1

Dedicated clinical Consortium form developed by the Interregional Chiari and Syringomyelia Consortium, including medical hystory,

familial, radiological, clinical and diagnostic data.

The etiology of CM1 malformation is, at present,
poorly understood. In some cases, CM1 may be as-
sociated with connective tissue diseases like Ehlers-
Danhlos [22]. In the remaining cases, a multifactorial
inheritance is the most likely explanation of the disease.
Recently, a role for genetic factors in the disease patho-
genesis has been suggested.

In CM patients, recent studies have revealed the
presence of a small posterior fossa (PF) leading to a
cramped cerebellum and herniation of the tonsils into

the top of the spinal column. Based on examination of
skull radiographs, Aydin et al. found that the posterior
fossa was smaller and shallower in patients with CM1
malformation than in controls; the ratio of the poste-
rior fossa with supratentorial volumes on MR images
is smaller in CM 1 patients than in controls, and those
with smaller posterior fossa developed symptoms ear-
lier and were more likely to respond to decompressive
surgery. Experimentally-induced small posterior fossa
was also found to lead to tonsillar herniation. So, it
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Table 3

Summary of demographic and clinical data (gender, age, occupational status, surgery) in all patients and in CM/Syr patient groups;

percentages in brackets

Gender (%) M
F
Occupational status (%) Employed

Unemployed®

Age (%) Pediatric (<18 yrs)
Adult (18-60 yrs)
Over 60 yrs
Surgery (%) Yes
No

Patient Group

All CM= Syr2
n=436 n =347 n= 217
144 (33) 111 (32) 78 (36)
292 (67) 236 (68) 139 (64)
192 (44) 132 (38) 111(51)
244 (56) 215 (62) 106 (49)
70 (16) 69 (20) 24 (11)
283 (65) 215 (62) 145 (67)
83 (19) 63 (18) 48 (22)
113 (26) 107 (31) 67 (31)
323 (74) 240 (69) 150 (69)

2 CM/Syr patient group includes associated forms: 128 patients with CMI/Il+Syr; ® Unemployed person, retired persons, students. Abbreviations - CM: Chiari

Malformation; Syr: Syringomyelia.

Chiari Syndrome (CS)

Asymptomatic (ACM)

Symptomatic Syr (SS)

Asymptomatic Syr (AS)

Figure 2

Percentages of symptomatic/asymptomatic forms in Chiari and Syringomyelia: SS are prevalent (62%) whereas CS are only 40%.

has been postulated that the pathogenesis of CM1 in-
volves underdevelopment of the occipital bone, perhaps
due to abnormal development of the occipital somite
originating from the paraxial mesoderm, resulting in
overcrowding in the posterior fossa [31]. In some fami-
lies, the CM1-S phenotype is inherited as autosomal
dominat trait. Genomewide linkage analyses of several
families with CM1 identified candidate loci on chromo-
some 15q21.1-q22.3 (maximum 2-point nonparametric
exponential lod score of 3.33 at rs744318) and on chro-
mosome 9q22.31 (maximum multipoint parametric
lod score of 3.05 between rs1000735 and rs2895201).
Speer et al. postulated that an underlying gene respon-
sible for CMI/Syr may have pleiotropic effects that
influence posterior fossa volume, other skull bone ab-
normalities, the extent of cerebellar tonsil herniation,
and the formation of Syr [32]. At present, however, the
number and the type of genes involved in CM 1 with or
without Syr are unclear.

The indications, optimal timing, and type of surgi-
cal intervention to treat Syr associated with CM1 are
unclear; prospective, controlled trials are lacking. Ap-

proximately 1/3 of untreated patients with Syr have
minimal or no neurologic progression [33]. Progres-
sive motor deficits and dysesthesias tend to respond
more favourably to surgical intervention than sensory
deficits. Greater syrinx size may predict a beneficial
surgical response. Surgical intervention is suggested in
patients with progressive motor deficits and a large syr-
inx. Suboccipital decompression, to alter the CSF flow
and pressure dynamics, is considered the most success-
ful technique [34, 35]. Williams advocate concurrent
syringe-arachnoid shunting [36-38].

The strength of the study is that our estimations are
based on a population based registry such as the In-
terregional Piemonte and Valle d’Aosta Rare Diseases
Registry, integrated by the specific clinical Consortium
form. A clear and standardized criteria for clinical inclu-
sion was adopted.

Moreover, the dissemination of the shared recom-
mendations has led to a greater awareness in the diag-
nostic process, especially improving its appropriateness
of symptomatic versus asymptomatic forms.

A limitation of the study is the geographical local
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Table 4
Demographic, radiological and prevalence/incidence data in CS and ACM patients
Total CM (CM) Symptomatic- Asymptomatic (ACM)
n =347 Chiari Syndrome (CS) n=208
n =139

Age (%) 69 (20) 20 (29) 49 (71)
Pediatric (<18 yrs) 215 (62) 87 (40) 128 (60)
Adult (18-60 yrs) 63 (18) 32(51) 31 (49)
Over 60 yrs

Gender (%)
Male 111 (32) 52 (47) 59 (53)
Female 236 (68) 87 (37) 149 (63)

MRI Morphology (%)
Tonsillar herniation >5mm 323(93) 137 (42) 186 (58)
Tonsillar herniation 3-4mm 14 (4) 12(017) 2 (83)
Tonsillar herniation <3 mm 10 (3) 0 10 (100)

Types (%)
CMI' A - CMI+-Syr 125 (36) 75 (60) 50 (40)
CMI B-isolated 201 (58) 50 (25) 151 (75)
CMIl + Myelomeningocele 4(1) 4(100) 0(0)
Other associated conditions® 17 (5) 10 (59) 7(41)

Prevalence ©
[x100 000] and relative 95% Confidence Intervals

7.74 (6.965-8.596)

Gender
Male 5.13 (4.260-6.177)
Female 10.17(8.952-11.55)
Age
Pediatric (<18 yrs) 9.42 (7441-11.951)

Adult (18-60 yrs)
Over 60 yrs

2011 Incidence ¢
[x100000] and relative 95% Confidence Intervals

Gender

Age

Male

Female

Pediatric (<18 yrs)
Adult (18-60 yrs)
Over 60 yrs

8.74 (7.650-9.992)
4.87 (3.810-6.235)
3.08 (2.605-3.635)

2.36 (1.793-3.099)
3.75 (3.039-4.624)

4.09 (2.868-5.844)
3.54 (2.868-4.363)
1.62 (1.063-2.484)

3.10(2.625-3.659)

240 (1.833-3.151)
3.75 (3.039-4.624)

2.73(1.767-4.216)
3.54 (2.868-4.363)
247 (1.754-3.495)
1.23 (0.942-1.596)
1.25 (0.858-1.816)
1.21 (0.835-1.744)

1.09 (0.553-2.154)
147 (1.057-2.027)
0.85 (0.475-1.524)

4.64 (4.049-5.313)

2.73(2.114-3.517)
6.42 (5.469-7.537)

6.69 (5.058-8.839)
5.21(4.378-6.188)
240 (1.690-3.404)
1.85 (1.493-2.294)
1.11 (0.745-1.650)
2.54(1.971-3.279)

3.00 (1.983-4.546)
2.07 (1.577-2.727)
0.77 (0.420-1.424)

2CMII + Myelomeningocele: 75% of patients present also Syr; POther associated conditions: 41% Retroflexed Odontoid, 24% Hydrocephalus, 24% Klippel-Feil, 11%
TCS; Prevalence cases/100 000 population who were alive in 2011 (ISTAT data); “New reported cases /100 000 population who were alive in 2011 (ISTAT data).
Abbreviations - CM: Chiari Malformation; Syr: Syringomyelia; TCS: Tethered Cord Syndrome.

extension of the census, restricted to only a few Ital-
ian regions (Piemonte and Valle d'Aosta), but with
standardized access to the Syr and CM diagnosis and
with availability of epidemiological data, also for Syr,
included in the registry. More analytic and association
analyses will need to be performed in the future.

CONCLUSIONS

The systematization of few known facts and the dis-
semination of guidelines or, failing these, of recommen-
dations, as the result of a rational consensus by experts,

represents a valuable tool for knowledge transfer drawn
from biomedical and social and healthcare practices.
We propose: adoption of Consortium Recommenda-
tions at national level to standardize the accessibility
to the diagnosis and care process; moreover, the extend
the methodology of census study in the national con-
text to complete Italian epidemiologic data on Chiari
and Syr. The estimated prevalence at national level
could have a great impact in the field of rationalization
of diagnostic costs and reduction of unnecessary hos-
pitalizations/surgeries. We believe shared Interregional
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Table 5

Demographic, radiological and Prevalence/Incidence data in Symptomatic Syr (SS) and in Asymptomatic Syr (AS) patients

Age (%)
Pediatric (18 yrs)
Adult (18-60 yrs)
Over 60 yrs

Gender (%)
Male
Female

MRI Morphology (%)
Syr
Hydro

MRI Distribution (%)
Syringobulbia
Syr/Hydro cervical
Syr/Hydro thoracic
Syr/Hydro cervical-thoracic

Aetiology (%)
Type I-primary Syr
Type ll-idiopathic Syr
Type lll-secondary Syr
Type IV - pure Hydro

Prevalence?

[x100 000] and relative 95% Confidence Intervals

Gender
Male
Female

Age
Pediatric (<18 yrs)
Adult (18-60 yrs)
Over 60 yrs

2011 Incidence®

[x100000] and relative 95% Confidence Intervals

Gender
Male
Female

Age
Pediatric (<18 yrs)
Adult (18-60 yrs)
Over 60 yrs

Total
(Syr)
n=217

24.(11)
145 (67)
48 (22)

78 (36)
139 (64)

158 (73)
59 (27)

2(1)
54 (25)
52 (24)
109 (50)

128 (59)
20 9)
30(14)
39(18)

4.84 (4.124-5.527)

3.60 (2.889-4.499)
5.99 (5.073-7.071)

3.28(2.201-4.873)
5.90 (5.012-6.937)

1(2.801-4.923)
0.82 (0.599-1.137)

0.60 (0.351-1.028)
1.03 (0.695-1.539)

0.82 (0.375-1.786)
1.06 (0.722-1.549)
0.39 (0.165-0.906)

Symptomatic Syr
(ss)
n=135

9(37)
96 (66)
30 (62)

50 (64)
85 (61)

123 (78)
12 (20)

2 (100)
33 (61)

3.01 (2.544-3.563)

231 (1.753-3.046)
3.66 (2.962-4.528)

1.23 (0.646-2.334)
3.90 (3.197-4.767)
2.32(1.626-3.313)

( )

0.51(0.342-0.770

046 (0.251-0.851)
0.56 (0.327-0.958)

0.14 (0.024-0.773)
0.81 (0.526-1.256)
0.16 (0.042-0.564)

Asymptomatic
(AS)
n=_82

15 (63)
49 (34)
18(38)

28 (36)
54 (39)

35(22)
47 (80)

1.83 (1.473-2.269)

1.29 (0.895-1.870)
233 (1.783-3.036)

2.05 (1.240-3.378)
2.00 (1.507-2.634)
1.39 (0.881-2.201)
0.31 (0.186-0.5524)

0.14 (0.047-0.408)
047 (0.265-0.849)

0.68 (0.291-1.597)
0.25(0.112-0.532)
0.23 (0.079-0.682)

2Prevalence cases/100000 population who were alive in 2011 (ISTAT data); ® New Reported cases /100000 population who were alive in 2011 (ISTAT data);

Abbreviations: Syr - Syringomyelia; Hydro - Hydromyelia.

Recommendations will help the promotion of national/
international clinical research, i.e. multi-center pro-
spective study to evaluate surgery efficacy in different
clinical phenotypes (CMI with or without Syt/HDCT/
TCS).

Finally, the design and the implementation of a spe-
cific registry dedicated to Syr and CM will contribute to
better understanding the natural history of patients af-

fected by these conditions. In fact, the European Com-
mission is supporting European Reference Networks
for implementing new registries on RDs. The collabo-
ration and the strong linkage of activities at regional
level with other initiatives at European level, such as
European Reference Networks, will provide additional
opportunities in the research and clinical aspect of Syr
and CM.
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Abstract Key words
Aim. This study investigates the incidence of long-term consequences in survivors of | © intensive care

critical illness 6 months after ICU care. A retrospective analysis of the risk factors was | ® outcome assessment

also completed. e risk factors
Methods. A mixed-method design was used. A qualitative design was used in the ques- ' ® survivors
tionnaire study (phase 1), and a quantitative design was used for the retrospective study

(phase 2).

Results. 116 patients were interviewed. Forty-eight patients (41.4%) reported at least

one long-term consequence 6 months after ICU discharge. The most frequent conse-

quences were anxiety (n = 33, 28.4%), depression (n = 32, 27.6%) and chronic pain (n

=24, 20.7%). The interview showed the concurrent caseness of PTSD, anxiety and de-

pression in 14 (12.1%) patients. Observed risk factors were age > 60 years (OR = 2.65,

IC = 1.23-5.69; p = 0.0119), trauma diagnosis (OR = 5.3, IC = 1.60-17.76; p = 0.0033),

length of mechanical ventilation > 7 days (OR = 2.18, IC = 1-4.74; p = 0.0471) length of

ICU stay > 10 days (OR = 2.47, IC = 1.16-5.26; p = 0.0185) and clinical conditions at

the ICU admission. The quality of life score was lower if the respondent had long-term
consequences.

Discussion. A high incidence of long-term consequences is found in survivors of critical

illness. In future, studies that investigate interventions to prevent these issues after ICU

care are need.

INTRODUCTION

Critical illness is recognized as being associated with
a number of detrimental long-term sequelae that can
impact the health of people for many years after dis-
charge from an intensive care unit (ICU) [1].

These long-term sequelae are now recognized as cog-
nitive impairment, psychological disability and ICU-
acquired neuromuscular weakness [2-4].

Cognitive impairment has been reported to occur
on average in 25-75% of ICU survivors, in the form of
disturbed memory, amnesia and Alzheimer'’s disease [2,
3, 5]. The major risk factors associated with it are hy-
poxia (ARDS, cardiac arrest), respiratory failure, severe
sepsis, trauma, requiring prolonged mechanical ventila-

tion, use of renal replacement therapy, acute respiratory
distress syndrome (ARDS), delirium during ICU stay
and prior cognitive impairment (older age, pre-existing
cognitive deficits) [6, 7].

Psychological disability has been reported to occur
on average in 1-62% of ICU survivors, in the form of
depression, anxiety, and post-traumatic stress disorder
(PTSD) [3, 6, 8]. The major risk factors are same as for
cognitive impairment and also include the use of seda-
tion and analgesia in ICU, female gender, lower educa-
tion level, and pre-existing disability [8-10].

ICU-acquired neuromuscular weakness is the most
common form of physical impairment occurring more
than 25% of ICU survivors (poor mobility, recurrent
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falls, or quadri or tetra paresis) [4, 11]. The major risk
factors include prolonged mechanical ventilation (> 7
days), sepsis, multisystem organ failure, as well as pro-
longed duration of the lenght of ICU stay [12, 13].

Quality of life, chronic pain, psychological and psy-
chiatric factors, physical fitness, functional capacity, are
the long-term outcomes more commonly investigated
in intensive care research [14-16].

The problem and the need for follow-up studies is
increasingly relevant. A number of risk factors for indi-
vidual long-term consequences in critical care survivors
have been investigated. However, there is a lack of stud-
ies that analysing different symptoms after ICU care to
date in critical care research. Furthermore, the studies
available today do not pay attention to the risk factors
that can be analysed before and during intensive care.
In other words, if there are ICU-related risk or general
risk factors. The present study was carried out main-
taining the hypothesis that long-term consequences in
survivors of critical illness is influenced not only by the
ICU care but also by the clinical and general conditions
at the time of ICU admission.

Aim

This study investigates the incidence of long-term
consequences in survivors of critical illness 6 months
after ICU care. A retrospective analysis of the risk fac-
tors was also completed.

Study design

For this study, a qualitative design was used in the
questionnaire study (phase 1), and a quantitative de-
sign was used for the retrospective study (phase 2).

A questionnaire study is a research consisting of a
series of questions (or other types of prompts) for the
purpose of gathering information from respondents. Al-
though questionnaires are often designed for statistical
analysis of the responses, this is not always the case.
Surveys and questionnaires are the most common tech-
nique for collecting quantitative or qualitative data.

A retrospective study uses existing data that have
been recorded for reasons other than research. A retro-
spective case series is the description of a group of cases
with a new or unusual disease or treatment. Therefore,
a retrospective study design should never be used when
a prospective design is feasible. However, a retrospec-
tive study looks backwards and examines exposure to
suspected risk or protection factors in relation to an
outcome that is established at the start of the study.

Patients received a letter introducing the study at
ICU discharge. The letter explained that they might
receive a phone call from the study team and provided
contact details for the study office. Written consent was
obtained by the nursing staff at the time of discharge,
or at the follow-up visit.

MATERIALS AND METHODS
Setting

The study was single centered, based in an Italian
adult 8-bed ICU in a 950-bed secondary hospital in
Northern Italy (Azienda Socio Sanitaria Territoriale di
Lecco). This hospital is the largest and most important

in terms of numbers and economic size of the territory.
Each year Lecco hospital carries out about 35 000 ad-
missions, almost 15 000 surgical procedures, about 3
000 000 outpatient appointments and around 80 000
emergency room visits. The hospital admits more than
350 patients to the general ICU per year.

Common conditions that are treated within the ICU
include acute respiratory distress syndrome (ARDS),
post-operative surgical, trauma, multiple organ failure
and sepsis. The unit made up of dedicated full-time
intensivists (registered nurses and medical doctors)
trained in adult multidisciplinary medicine; 24 regis-
tered nurses and 12 medical anaesthesiologists work-
ing full-time in the department, (4 registered nurses on
each shift, 2 medical doctors morning-afternoon and 1
on night shift).

Participant selection

All patients aged at least 18, admitted to Lecco Hos-
pital ICU from 1 January 2018 to 30 November 2018,
were eligible to be included in the study. The interview
was carried out between June 2018 and May 2019 (6
months after ICU discharged). Patients were included
in the study only if they were able to communicate at
the time of the interview.

Phase 1: Questionnaire study

The first aim was addressed by the use of standard-
ized questionnaires or interviews to collect data. A short
one-on-one interview was designed for the purpose of
investigating presence of anxiety, insomnia, depression,
chronic pain, Post-Traumatic Stress Disorders, fatigue
and quality of life. The interview was administered by
an ICU registered nurse who was involved in the study.
Face-to-face administration of the questionnaires was
chosen to increase the response rate. The interview was
conducted in a dedicated room within the intensive
care unit department of the Lecco Hospital.

We used the previously validated Hamilton Anxiety
Rating Scale (HAM-A) for the assessment of anxiety
[17]; the Insomnia severity index (ISI) for the assess-
ment of insomnia [18]; the Patient Health Question-
naire (PHQ-9) for the assessment of depression [19];
the Brief Pain Inventory (BPI) for the assessment of
chronic pain [20]; the Post-Traumatic Stress Disor-
der Check List -Civilian (PCL-C) for the assessment
of PTSD [21]; the Revised-Piper Fatigue Scale (PFS-
R) for the assessment of fatigue [22] and Euroqol 5D
instrument (EQ-5D) for the assessment of perceived
quality of life [23].

These instruments can be both self-administered and
administered in person, as we did in our study.

Phase 2: Retrospective study

After the interview, patients’ clinical data were ob-
tained from their electronic medical records (Mar-
gherita3 2010 form) stored at the ICU. The electronic
medical records were used to obtain the data required
to complete the retrospective study, including all risk
factors and outcomes investigated.

The independent variables examined were defined in
the research protocol and consisted of the risk factors
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for long-term consequences highlighted previously in
the literature. These included patient age, APACHE
II and SOFA score, admission diagnosis, gender, ICU
LOS, use of renal placement therapy, severe sepsis and

ARDS.

Interpretation of instrument scores

All instruments used during the interview have spe-
cific cut-offs that indicate, based on the scores, the ab-
sence or presence (mild, moderate or severe/intense) of
the assessed symptom.

Hamilton Anxiety Rating Scale: total score range of
0-56, < 17 indicates mild entity, 18-24 mild to moderate
and 25-30 moderate to severe.

Insomnia severity index: total score range of 0-28, ab-
sence of insomnia (0 -7), insomnia below the threshold
(8-14), moderate insomnia (15-21) and severe insom-
nia (22-28).

Patient health questionnaire: total score range of
0-27, absent (0-4), sub-threshold depression (5-9), mild
major depression (10-14), moderate major depression
(15-19) and severe major depression (20-27).

Brief pain inventory: This instrument has different
items. For this study we considered the item 3) please
rate your pain by ticking the box beside the number
that best describes your pain at its worst in the last 24
hours; 4) please rate your pain by ticking the box beside
the number that best describes your pain at its least in
the last 24 hours; 5) please rate your pain by ticking the
box beside the number that best describes your pain
on the average, and 6) please rate your pain by ticking
the box beside the number that tells how much pain
you have right now. Each item has a total score range
of 0-10, no pain (0-3), mild or moderate pain (4-6) and
intense pain (7-10).

Post-Traumatic Stress Disorder Check List — Civilian:
total severity score 0-80. For this instrument we consid-
ered a PCL-C score> 45 defined PTSD caseness.

Revised-Piper Fatigue Scale: for the final score, the
scores of all the items of each subscale specific are add-
ed and divided by the number of items (n = 22), absent
(0), mild (1-3), moderate (4-6), severe (7-10).

Euroqol 5D: three different levels of problem severity
within each of five health domains. The levels are none,
moderate and severe/extreme (coded 1 through 3, re-
spectively), whilst the domains are mobility, capacity for
self-care, conduct of usual activities, pain/discomfort
and anxiety/depression, ordered as such. The conscious
health states are therefore limited to 243 severity/do-
main vectors, ranging from 11111 (no problems in any
domain) to 33333 (severe problems in all five domains).
Having located the current health state, the respondent
then evaluates his or her health using a visual analogue
scale (VAS). This is a vertical, calibrated, line, bounded
at 0 (“worst imaginable health state”) and at 100 (“best
imaginable health state”).

Data analysis
The data were analysed using the Statistical Package
for SS version 21.0 (SPSS Inc., Chicago, IL, USA).
Patients’ demographic and clinical characteristics
were analysed by using descriptive statistics and pre-

sented as numbers and percentages for the categoric
variables and means (M) and standard deviations (=)
for the continuous variables.

Comparisons between groups were performed with
the chi-square test for the categorical data and with
Student’s t-test for the continuous data.

Variables were included in the analysis only if they
were statistically significant at p < 0.05.

For the multivariate analysis, logistic regression with
backward stepwise elimination by using the likelihood
test statistic was used to assess potential predictors of
development of long-term consequences in survivors
of critical illness. For the univariate analysis, a Mann-
Whitney U test was performed for comparisons be-
tween the continuous variables.

QOdds, ratios and the 95% confidence intervals were
calculated for each risk factor regarding ICU admis-
sion.

Relative risk and the 95% confidence intervals were
calculated for each variable analysed during the follow-
up interview.

As a number of studies have suggested that the risk of
developing disability after ICU discharge, ranges from
1 to 62 percent (%) [3, 6, 8] we needed at least 100 pa-
tients in total. 6 months post ICU discharge, the sam-
ple provided sufficient patients to achieve this number,
allowing for mortality and loss to follow-up.

Statistical significance for the identification of inde-
pendent risk factors was set at p < 0.05.

Etbical statement

The project was promoted by the Azienda Socio Sani-
taria Territoriale di Lecco and the study protocol was
approved by the Human Research Ethics Committee
of Brianza.

All participants provided their informed written con-
sent to participate at the time of interview.

Consent was obtained by the nursing staff.

RESULIS

Three hundred eight patients were admitted to Lecco
Hospital ICU between 1 January 2018 and 30 Novem-
ber 2018. Six months post ICU discharge, the partici-
pation rate in the study was 116 (37.66%) (Table 1). Of
these patients, 74 (63.8%) were males, with a mean age
of 67.2 + 13.49 years, and 42 (36.2%) were females,
with a mean age of 62 + 11.6 years. Most patients were
surgical patients (n = 69, 59.5%).

Long-term consequences

Forty-eight patients (41.4%) reported at least one
long-term consequences.

Twenty patients (17.2%) had 3 consequences, fifteen
(12.9%) 2 consequences, and thirteen (11.2%) 4 con-
sequences.

The most frequently were anxiety (n = 33, 28.4%)
depression (n = 32, 27.6%) and chronic pain (n = 24,
20.7%) (Table 2).

The interview showed the concurrent caseness of
PTSD, anxiety and depression in 14 (12.1%) patients.

Patients with PTSD had an increased anxiety and de-
pression risk (RR = 6.16, IC = 2.72-13.97; p < 0.001).

ORIGINAL ARTICLES AND REVIEWS . . . N
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Table 1
Demographic and clinical characteristics of patients included
in the study

Characteristics (n=116)
Age, mean (£) y 57.12(129)
Gender, n (%)

Male 74 (63.8)

Female 42 (36.2)
Weight, mean (1), kg 7412 (13.6)
BMI, mean (+) 25.8 (3.59)
APACHE Il, mean (£) 13.2(5.6)
SOFA at ICU admission, mean (&) 58(3.9
Diagnosis, n (%)

Medical 31(26.7)

Surgical 69 (59.5)

Trauma 16 (13.8)
Advanced cardiovascular support, n (%) 14 (12.1)
Advanced respiratory support, n (%) 82 (70.7)
Neurological support, n (%) 2(1.7)
Renal support, n (%) 8 (6.9)
Septicaemia and septic shock, n (%) 6 (5.2)
Acute pancreatitis, n (%) 5(4.3)
Diabetic ketoacidosis, n (%) 2(1.7)
Acute myocardial infarction, n (%) 4(3.5)

BMI (body mass index); ASA (American society of anesthesiologists) physical
status classification system before surgery; APACHE Il (acute physiology and
chronic health evaluation Il) it is applied within 24 hours of admission of a
patient to an ICU; SOFA (sepsis-related organ failure assessment score) scoring
system is useful in predicting the clinical outcomes of critically ill patients, it is
applied within 24 hours of admission.

Patients with anxiety had an increased depression
risk (RR = 0.66, IC = 0.47-0.95; p = 0.0475).

Patients with chronic pain had an increased fatigue
risk (RR = 3.50, IC = 1.34-9.11; p = 0.0089).

No other significant association was observed be-
tween the variables analyzed during the interview.

Quality of life

Sixty-two different EQ-5D vectors were represented
in this recruitment sample, although 11111 (no health
problems in any of the five domains) was the most fre-
quently cited, by 58.6 per cent (n = 68) of subjects. For
the individuals recording the 11111 health state, the
mean EQ VAS score was 86.0 (£11.9).

More severe health problems in any dimension gave
rise to a lower EQ VAS value for self-reported health.
For any given EQ-5D health state classification, the
EQ VAS score was lower if the respondent had pain,

fatigue, insomnia, was likely to be anxious and/or de-
pressed as assessed by the HAM-A and PHQ-9 or if
they showed severe symptoms of PTSD.

For the 48 individuals with long-term consequences
the mean EQ VAS score was 58.0 (+ 16.7).

Risk factors in the intensive care unit

Table 3 highlights the results of the subgroup analysis,
investigating the risk factors for the long-term conse-
quences analysed in our study.

Significant risk factors with odds, ratios and the 95%
confidence intervals are presented.

The significant risk factors for the 48 patients ob-
served were age > 60 years (OR = 2.65, IC = 1.23-5.69;
p = 0.0119), trauma diagnosis (OR = 5.3, IC = 1.60-
17.76; p = 0.0033), length of mechanical ventilation >
7 days (OR = 2.18, IC = 1-4.74; p = 0.0471) length of
ICU stay > 10 days (OR = 2.47, IC = 1.16-5.26; p =
0.0185).

In addition, the severity of the patient at the time of
admission to the Intensive Care Unit is to be reported
among the risk factors. Indeed, the data APACHE 11
score 2 15 (OR = 2.64, IC = 1.06-6.53; p = 0.0328)
and SOFA score > 10 (OR = 2.7, IC = 1.06-6.89; p =
0.0340) at the ICU admission are also significant.

DISCUSSION

We present a result of self-reported anxiety, depres-
sion, insomnia, chronic pain, PTSD, fatigue and quality
of life of ICU survivors to date. A high burden of post-
ICU psychopathological issues was reported in about
4 respondents in 10. A high degree of symptom and
long-term consequences concurrency between these six
conditions was observed.

Long-term consequences are increasingly recognized
as a problem in survivors of critical illness.

This study reported that 40% about of patients were
experiencing chronic symptoms at least 6 months after
ICU discharge. These consequences have a negative
impact on the quality of life perceived by the patients
themselves.

Our findings are comparable with incidence of per-
sistent psychopathological issues in longer-term follow-
up studies of survivors of ARDS where both the overall
incidence of anxiety, depression and PTSD of psycho-
pathological issues are similar [24]. However, we ob-
served a reduction in chronic pain (20.7%) compared to
40% in a previous study [16].

Table 2

Distribution of anxiety, insomnia, depression, chronic pain, PTSD and fatigue, 6 months after ICU discharge
Variable, n (%) No caseness Mild symptoms Moderate symptoms Severe symptoms
Anxiety? 83(71.6) 22(18.9) 6(5.2) 5(4.3)
InsomniaP 96 (82.8) 9(7.8) 4 (3.4) 7 (6.1)
Depression© 84 (724) 12 (10.3) 14 (12.1) 6(5.2)
Chronic paind 92 (79.3) - 16 (13.8) 8 (6.9)
PTSDe 101 (87.1) - 15 (12.9)
Fatiguef 98 (84.5) 11 (9.5) 5(4.3) 2(1.7)

2Hamilton Anxiety Rating Scale (HAM-A); Plnsomnia severity index (ISI), Patient health questionnaire (PHQ-9), “Chronic pain (BPI), and ¢Post-Traumatic Stress

Disorder Check List-Civilian (PCL-C), fFatigue (PFS-R).
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Table 3

Risk factors of patients which at least one of long-term consequences

Risk factors Patients with long-term

consequences n =48

Age (years) > 60, n (%) 26 (54.2)
APACHE Il > 15, n (%) 15 (31.3)
SOFA > 10, n (%) 14 (29.2)
Gender, n (%)

Female 19 (39.6)
Reason for admission, n (%)

Surgical 25 (52.1)
Non-surgical 11(22.9)
Trauma 12 (25)
MV (days) > 7, n (%) 22 (45.8)
ICU LOS > 10, n (%) 29 (60.4)
Use of renal replacement therapy, n (%) 5 (10.4%)
Severe sepsis, n (%) 5(104)
ARDS 6(12.5)
Total of patients; n (%) 48 (41.4%)

MV = mechanical ventilation;

LOS = length of stay;

OR = odds ratio;

For comparisons, an indipendent sample Chi-square test were used.

In line with the literature, age, trauma, length of me-
chanical ventilation and length of ICU stay were the
major risk factors highlighted. In addition to what is de-
scribed in the literature, age and clinical conditions at
the time of admission influence the outcome 6 months
after ICU discharge. Under a clinical and public health
perspective, these observations potentially inform and
support targeted interventions aimed at reducing the
occurrence of adverse outcome after ICU discharge.
The identified risk factors can be targeted in order to
improve the health trajectories of subjects surviving
critical illnesses. Given the greatest risks that emerged
among elderly patients and with comorbidity, it is nec-
essary to set specific therapeutic pathways for these pa-
tients at the time of discharge. Early identification of
patients at greater risk means reducing the impact that
these long-term consequences have on people’s health
and on their psycho-social sphere.

Therefore, clinicians’ priorities and standards of
therapy for the prevention of long-term consequences
should take into account the potential effects on patient
health, with the goal of improving long-term outcomes
through early and effective treatment.

The set of these long-term consequences, after ICU
treatment, is often recognized as post-intensive care
syndrome (PICS) [25, 26]. Healthcare professionals
involved in the follow-up activity and assessment of all
survivors of ICU should be aware of the co-occurrence
of psychopathological conditions as part of PICS [25].

PICS has cognitive, psychiatric and physical compo-
nents [26] and describes the consequences that remain
in the surviving the critical illness and it is due to the
associated neuropsychological, physical and functional
disability [26]. However, its exact prevalence remains
unknown.

It is important to study the chronicity and conse-
quences of patients discharged from the ICU due to

Patients without long-term  OR (95% Cl) p-value

consequences n =68

21(30.9) 265 (1.23-5.69) 0.0119
10 (14.7) 2.64 (1.06-6.53) 0.0328
9(13.3) 2.7 (1.06-6.89) 0.0340
23 (33.8%) 1.28 (0.60-2.76) 0.5250
44 (64.7%) 0.59 (0.28-1.26) 0.1726
20 (29.4%) 0.71 (0.30-1.67) 04362
4 (5.9%) 5.3 (1.60-17.76) 0.0033
19 (27.9) 2.18(1-4.74) 0.0471
26 (38.2) 247 (1.16-5.26) 0.0185
3 (4.4%) 252 (0.57-11.1) 0.2087
2(29) 3.84 (0.7-20.68) 0.0959
11(16.2) 0.74 (0.25-2.16) 0.5813
68 (58.6%)

negative factors of public health [27]. Often in the post-
ICU population, the observed association between
depression and mortality can in part explained by the
severity of chronic illness both pre-discharge and post-
discharge. However, we did not adjust these factors in
this study. The best knowledge, an association between
long-term consequences and an increased rate of mor-
tality after discharge from ICU has not been demon-
strated previously.

Collecting data on pre-morbid psychological and
medical co-morbidities would also be essential in terms
of understanding the risk factors for developing set of
these long-term consequences, as current illness severi-
ty scoring, organ support information and severity scor-
ing is clearly insufficient when it comes to understand-
ing which individuals are at greatest risk [28].

ICU survivors are known to experience impairment
in cognition or psychological health and physical func-
tion [28]. However, there is a lack of studies that have
examined the association among two or more of these
variables. We suggest that using methodologies and
standardized instruments in ICU survivor populations
has the potential to contribute to the development of
treatments, preventative strategies and screening guide-
lines, for this clinically condition.

Study limitation

The main limitations of the study are that the risk fac-
tors data were collected retrospectively and that the loss
to interview exceeded 15%, which may have introduced
an attrition bias. In addition, this study is a single-cen-
ter study with a limited number of patients included.

The manuscript refers to an interesting issue concern-
ing public health, but it covers a limited number of pa-
tients all from the same hospital, and is therefore not
representative of a broader situation.

This study had limited access to pre-morbid condi-
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tions, specifically pre-existing psychopathological con-
ditions. Indeed, patients with pre-existing psychological
and psychiatric conditions are at higher risk of both de-
veloping new symptoms and worsening existing prob-
lems following treatment in the ICU. At the same time,
patients were not asked if they suffered from insomnia
and chronic pain before their ICU admission.

Any data concerning the type /destination of dis-
charge (e.g. other department, house, rehabilitation
service) was not collected.

Furthermore, having simultaneously found several
symptoms in the same subjects, it was not possible to
carry out a stratification of the risk factors for each indi-
vidual clinical condition emerged at the follow-up.

CONCLUSION

A high incidence of long-term consequences is found
in survivors of critical illness. The major risk factors are
increasing age, clinical and general conditions at the
time of admission (APACHE II > 15 or SOFA > 10),
prolonged ICU stay and mechanical ventilation.

These results concur with the findings of a number
of previous studies but also highlight areas for further
research.

In future, potentially beneficial research would in-
clude studies that investigate various clinical thera-
peutic interventions to prevent these long-term conse-
quences experienced by patients after ICU care.

In conclusion we suggest informing patients at the
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Abstract Key words
Purpose. The specific “outcome-oriented” pattern of the emotional intelligence (EI) | © mental health promotion

should be considered of capital importance for teenagers in order to promote mental | © emotional intelligence

health. Nevertheless it is rarely evaluated because a specific tool, useful for routinely use, | ¢ cooperative learning
is not available. In this paper the authors describe the effectiveness of a new approach of | ® school
public health to improve the EI “outcome-oriented”, by a specific index. e psycho-educational

Design. A comparison of two samples: experimental (i.e. applying the program) vs con- structured approach
trol group, without randomization.

Setting. 12 classes belonging to 3 different schools.

Subjects. A sample of 276 students, 146 (53%) belonging to the experimental classes.
Intervention. A program of 20 meetings, once a week, based on the handbook Inter-
vento psicoeducativo per la promozione del benessere psicologico e dell'intelligenza emotiva
nelle scuole (Psycho-educational intervention for promoting psychological well-being and
emotional intelligence at school) in order to stimulate a “peer to peer student approach”.
Measures. Index of emotional intelligence (15 items), inventory idea questionnaire (19
items), learning ability questionnaire (6 items).

Analysis. Nonparametric tests were used.

Results. The authors found significant statistical differences at the conclusion of the
study for all considered measures.

Conclusion. The results show a remarkable and positive impact of the approach above
all on the “outcome-oriented” EI. Significant results were also observed about the indica-
tor concerning irrational beliefs. The same significant results were found about learning
abilities (goal definition, problem-solving and communication skills). The main limit is
the study design (lack of randomization). Further evaluation is needed.

INTRODUCTION

Adolescence is the most important period for laying

health promotion programs are undertaken as part of
school activities that improve social and life skills [5-7]

the foundations of psychological well-being. The esti-
mated prevalence of worldwide mental health problems
among young people associated to school failure, delin-
quency and substance misuse is 10-20% [1, 2]. School
is considered one of the most important contexts for
the promotion of mental health [3, 4]; this environment
offers the best opportunity for this initiative [3, 4].
Promoting positive mental health may provide young
people with the necessary life skills and resources to
accomplish their potential and to deal with adversities
[3]. This kind of initiative may be effective especially if

and include active forms of learning, time focused on
reaching realistic learning goals and lesson plans writ-
ten in a handbook [8]. It is important for these pro-
grams to focus on Life skills [7, 9], because they are
considered psychosocial competences that help people
to be more aware in the process of decision-making,
problem solving, critical and creative thinking, effec-
tive communication and healthy relationships, in order
to manage their lives in a healthy and productive man-
ner; the most important competences are self-efficacy,
problem-solving, empathy and coping strategies [10].
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Training for Life Skills [11] is effective if “active forms
of learning are used” with “sufficient time focused on
reaching explicit learning goals” [12] according to the
theory of the Social Skill Training, the most effective in-
tervention to acquire skills in the field of mental health
[13]. The method of Social Skill Training is founded on
the psycho-educational approach which suggests a pro-
cedure based on small direct instructional steps to be
dealt with in sequence in order to be mastered. Written
lesson plans, including suggestions for skill acquisition
practices, are very useful for this purpose [14, 8].

The Italian National Institute of Health has devel-
oped a handbook [5] that is a psycho-educational guide
for facilitators in order to promote mental health among
high school students. It was designed to reach all stu-
dents, regardless of their level of risk in developing emo-
tional/behavioural problems, with the aim to promote
self-efficacy, psychological well-being, and satisfaction
with life [15]. The core component of the handbook is
training in the form of structured problem-solving and
teaching skills that enable students to improve emo-
tional intelligence to cope satisfactorily with psycho-
social problems and stress in their life. It was inspired
by Goleman’s model of emotional intelligence [16] and
Falloon’s psycho-educational approach [17], in which
psychiatric patients and their families are trained to use
structured problem-solving to address problems that
cause them the most stressful situations in their life.
Therefore, it greatly emphasises structured problem-
solving and regulation, and utilization of emotional in-
formation techniques. In addition, the handbook places
a high level of importance on defining personal goals
and using communication skills [18]. These last two
skills make the approach significant and innovative, be-
cause promoting students’ active involvement in taking
decisions concerning their individual objectives could
give them greater control over their lives and better per-
sonal and social functioning.

A preliminary study was carried out to evaluate the
effectiveness of the handbook implementation, and al-
though positive results were found [19], the authors
considered them not satisfactory as expected. In that
study, the handbook implementation was evaluated
through a quasi-experimental study design involving
four high school classes (two of which acting as a con-
trol), including 79 students aged 14 to 16 years (15.35
+ 0.68). The results showed improvement in perceived
self-efficacy (p < 0.001), but limited improvement in
behavioural and psychosocial problems, as assessed by
Strengths and Difficulties Questionnaire (SDQ; Good-
man, 2001) and well-being as assessed by the Health
and Wellness Questionnaire [18]. The authors thought
that future studies in which students practice assidu-
ously and apply targeted skills outside the classroom
should obtain better outcomes. This was an important
issue because in the handbook programme regular
practice was a key component of effective skills acqui-
sition. For that purpose, the authors considered ap-
propriate to incorporate a notebook in the handbook
to stimulate homework in order to allow students to
consolidate skills outside the classroom. This note-
book mainly consisted of exercises to be conducted on

a daily basis at home and some space to report what
the students experienced in applying the exercises. As
a consequence, in a second effectiveness study involv-
ing 10 high school classrooms (5 of which acting as a
control), including in total 162 students aged 14 to 16
years, the results showed an improvement in self-effi-
cacy and well-being, as well as an improvement in ap-
plying communication and problem solving techniques
to solve psychological and interpersonal relationships
problems. The results also showed a decrease of some
behaviours at risk, such as involvement in fights and
smoking [20]. After this encouraging performance, the
authors speculated that the handbook equipped with
the notebook might also enter in practice in middle-
school, for pupils younger than 15 years, considering
that late childhood and puberty are critical moments
of opportunity for building skills and positive habits
[7]. For this purpose, some few changes in the word-
ing of the handbook were made; essentially, the top-
ics and the examples were provided in a jargon more
suitable to middle-school students aged 12-14 years.
Lastly, a preliminary study was carried out to compare
the outcomes obtained from 91 high school students
with those of 38 middle school students who used the
new version of the handbook [21]. As with the previous
study, the results showed improvements in communi-
cation and problems solving skills and subjective well-
being both in middle and high school students [21].

However, in all the above mentioned studies, the
Emotional Intelligence (EI), which is a key competence
covered in the handbook [5, 21], was not assessed be-
cause a easy tool to be used in non clinical settings was
not available in Italy. The available instruments were
questionnaires or interviews for assessing the emotional
intelligence quotient, such as the Emotional Quotient
Inventory (EQ-I) [22] or its characteristics related to
personality organization, such as Trait Emotional In-
telligence Questionnaire (TEIQue) [23]. These instru-
ments were too long and elaborated especially for clini-
cal purposes. For the authors, an ideal EI instrument
for assessing mental health educational programs had
to be comprehensive, (i.e., covering all relevant domains
of emotional intelligence: knowing your emotions, man-
aging your own emotions, using emotions to motivate
yourself, recognising the emotions of other people,
managing relationships); but at the same time easy and
speed to administer; outcome oriented (i.e., particularly
able to assess the ability to use emotions for achieving
personal goals) [24]. Accordingly, a tool called Index
of Emotional Intelligence (IEI) was developed and vali-
dated by the authors in the attempt to give an original
answer to this issue [25].

In order to corroborate the preliminary results, which
suggested that the handbook for middle school pro-
duced significant positive effects on targeted attitudes
about life skills, and determine whether or no it would
also produced significant positive effects on targeted
emotional competencies (i.e., emotional intelligence,
and abilities to recognize and modify dysfunctional
thoughts that precede, accompany, and follow unpleas-
ant emotions), in the 2018-2019 school year, the au-
thors performed a pre-post test study design with a con-
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trol group in 3 Italian middle schools. The short-term
results are reported in the present paper.

METHOD
The bandbook for middle-school

The theoretical basis of the handbook is the “salu-
togenic” approach as suggested by the World Health
Organization (WHO) [7]; the handbook consists of
four main modules: defining goals, problem-solving,
effective communication, recognizing emotions and
coping with anger. According to these modules, the
main contents of the handbook [23] address skills such
as defining personal goals; using structured problem
solving; adopting effective communication skills; using
negotiation for improving interpersonal relationships;
coping with stress and anger; resolving conflict; rec-
ognizing and modifying negative dysfunctional beliefs
that precede, accompany, and follow unpleasant emo-
tions (available online a Supplementary Material). The
handbook mainly consists of exercises to be practiced
at school and at home. The handbook includes several
work-units which are articulated in the following steps:
description of the unit’s content; emotional Roll Call;
a random check of the homework among 2-3 students,
with a focus on their personal goals; 3-4 students in
turn read the content of the unit and the instructions to
perform exercises (2-3 exercises) in a small group (60%
of total time is dedicated to role-playing), followed by
feedback; homework assignment to be performed by
using the notebook. By way of an example, the content
of the problem solving work-unit is synthetically reported
(available online a Supplementary Material). The coop-
erative learning methodology is a “peer to peer student
approach” supervised by a trained facilitator. The hand-
book is designed so that students can take turns in read-
ing brief sections with facilitators coordinating group
discussion on the key points and their specific relevance
to students in the classroom.

Implementation of the handbook

The implementation was held in the classroom dur-
ing regular school hours and each work-unit of the
handbook in the vast majority of cases needed one-
hour session a week. Sessions were coordinated by fa-
cilitators, psychologists/pedagogists who were trained
by the handbook’s authors; specifically they completed
the training through a one-day session and also re-
ceived a guide with practical information. It is worth
noting that the role of facilitators was stimulating the
active participation of all students in classroom and en-

suring that sessions were conducted as described in the
handbook.

Study design

Twelve classes of 3 middle schools volunteered to par-
ticipate in the study (four classes in each school). In
each school, two classes were identified for being in-
cluded in the experimental group and others two for
inclusion in the control group.

The total sample consisted of 276 middle-school stu-
dents (51% females; mean age = 12.7 + 0.6; range =
11-15): six experimental classes (146 students, 54% fe-

males) and six classes as a control group (130 students,
48% females).

The schools and the classes were chosen on the basis
of voluntary participation by headmasters (the princi-
pals of the schools) and teachers, without any particular
criteria or preferences. School councils of the participat-
ing schools approved the study. As the study concerned
a psycho-educational intervention, it needed no formal
approval by the Ethical Committee of the National In-
stitute of Health, which was nevertheless consulted and
gave informal authorization.

The study was worked out according to the interna-
tional guidelines and ethical codes of the Belmont and
Oviedo chart as well as the first section, paragraph 9 of
the Italian ethical code of the Order of Psychologists.
Prior to participation, students’ parents signed written
informed consent.

Instruments

Students attending the classes completed twice some
self-administered assessment instruments (see later),
before and after the handbook implementation. They
had to generate a secret password which had to be
memorized and reported on all the instruments.

Index of Emotional Intelligence, IEI [25]. The IEI as-
sesses, by 15 items, the ability to regulate emotions in a
flexible, adaptive way, oriented to personal goals. It uses
a 4 level Likert-Scale, ranging from strongly disagree to
strongly agree (see Figure 1). The minimum score is 15
(very low), the maximum is 60 (very high), with a cen-
tral value of 37.5. The internal consistency is alpha 0.72.

Inventory Idea Questionnaire [26]. It consists of 19
items related to irrational/dysfunctional beliefs. It uses
a 4 level Likert scale ranging from 1 (strongly agree) to
4 (strongly disagree) for each item. The minimum score
is 19 (the greatest IB), the maximum 76 (the greatest
functional beliefs). The internal consistency is alpha
0.84.

Learning Abilities Questionnaire (LAQ). This tool, ad
hoc developed, with items constructed to assess learn-
ing levels of the most important skills covered by the
handbook (as reported by the students on the basis of
case-vignettes), in total 6 skills through 6 items, one for
each skill: a) item 1, for smart-goal definition with a
score ranging from 0 (no ability) to 5 (greatest ability);
b) items 2-5, for the four communication skills (each of
them made up of 4 components). The score is 1 if the
specific component is known, otherwise it is 0. For each
communication skill the score ranges from 0 to 4. For
all communication skills therefore the total score ranges
from 0 to 16; c) item 6, for problem solving. For each
of the six steps known the score is 1. As a consequence,
the score ranges from 0 (no steps are known) to 6 (all
steps are known). Finally, the LAQ total score ranges
from 0 to 27 (5 points for the first item plus 16 points
for the four items of communication skills plus 6 points
for the item of problem-solving).

Statistical analysis

For all variables nonparametric tests were used. The
Mann-Whitney U-Test was used to compare scores be-
tween groups (experimental versus control) at pre- and
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post-implementation. The Wilcoxon signed-rank test
was used to compare scores obtained in the pre- and
post-implementation for each group (experimental and
control). All statistical analyses were performed using
SPSS software version 25 (IBM SPSS Statistics for Win-
dows, Version 25.0. Armonk, NY: IBM Corp.).

RESULTS
Sample

All students completed both pre- and post-tests.
There were no immigrants; there were only 5 foreign-
ers, who had been living in Italy for more than 8 years.
The percentage of divorced parents was 12%, equally
distributed in the classes. There was socio-economic
homogeneity in the sample.

Experimental vs control group
IEI: no significant statistical differences were found

between the experimental group ws control, before
(mean ranks = 139.8 »s = 137.0; U = 9305.0; p = 0.77).
Significant differences were found at the conclusion of
the study (mean ranks = 149.1 vs =126.5; U = 7918.0;
p < 0.01). At pre-post comparison in the control group
the mean-rank Wilcoxon test was 4.30 (p = 0.001); in
the experimental group was 7.18 (p = 0.001), there-
fore an improvement was observed in both experimen-
tal and control groups with regard to emotional intel-
ligence.

Idea Inventory Questionnaire: no statistical significant
differences were found between the groups before
(mean ranks = 142.1 vs = 134.5; U = 8967.5; p = 0.43).
Significant differences were found at the conclusion of
the study (mean ranks = 149.1 v»s = 126.6; U = 7938.5;
p < 0.05). At pre-post comparison in the control group
the mean-rank Wilcoxon test was 2.47 (p < 0.01); in
the experimental group was 2.7 (p < 0.01), therefore an
improvement was observed in both experimental and
control groups with regard to irrational/dysfunctional
beliefs.

LAQ: no statistical significant differences were found
between the groups before the study for all variables.
Significant differences at the conclusion of the study
were found for all variables:
® goal definition (mean ranks = 148.3 »s 127.5; U =

8055.5; p < 0.05). At pre-post comparison in the

control group the mean-rank Wilcoxon test was 0.94

(p = 0.35), in the experimental group was 2.21 (p =

0.027);

e expressing positive feelings (mean ranks = 163.7 »s
110.2; U = 5811.0; p < 0.01). At pre-post comparison
in the control group the mean-rank Wilcoxon test was
-1.0 (p = 0.32), in the experimental group was 6.96
(p <0.001);

e making requests (mean ranks = 163.0 »s 110.9; U =
5909.0; p < 0.01). At pre-post comparison in the
control group the mean-rank Wilcoxon test was -1.24
(p = 0.21), in the experimental group was 4.97 (p <
0.001);

* expressing unpleasant feelings (mean ranks = 166.0 vs
107.6; U = 5468.0; p < 0.01). At pre-post comparison
in the control group the mean-rank Wilcoxon test was
-1.55 (p = 0.13), in the experimental group was 6.58

(p <0.001);

e qactive listening (mean ranks = 158.2 »s 116.4; U =
6610.0; p < 0.01). At pre-post comparison in the con-
trol group the mean-rank test was -0.33 (p = 0.74), in
the experimental group was 6.15 (p < 0.001);

e problem-solving (mean ranks = 144.2 vs 132.2; U =
8664.0; p < 0.05). At pre-post comparison in the con-
trol group the mean-rank Wilcoxon test was -2.89 (p
= 0.004), in the experimental group was 2.11 (p =
0.035); therefore an improvement was observed in
the experimental group and a worsening in the con-
trol group with regard to problem solving.

The scores of both experimental group and control
group at TO (pre-implementation) and T1 (post-imple-
mentation) and differences between experimental and
control groups at pre- and post-implementation are
summarized in Table 1.

DISCUSSION AND CONCLUSION

This study confirms, as observed by the same authors
previously, that school can be considered one of the
more important setting to promote mental health [3,
4].

In this research, attention was focused on improve-
ments of EI outcome-oriented and irrational beliefs to
demonstrate the effectiveness of the intervention. At
the baseline, the IEI difference between the two groups
was not statistically significant (p = 0.77), whereas at
the end of the study the difference was significant (p <
0.01). This shows a remarkable and positive impact of
the approach on a specific pattern of emotional intel-
ligence, which at this age is of capital importance. The
results become more important because EI in general
is scarcely considered in promoting mental health pro-
grams and in the same way is rarely evaluated [3, 4],
despite it is recognized as a positive predictor of social
functioning and school success [27]. The Outcome-Ori-
ented “pattern” emphasizes specific emotional, flexible,
and target-oriented abilities associated with some ad-
aptation patterns in the living areas of the individuals;
among these patterns there is “job performance” [28].
In technical terms, with regard to this peculiar charac-
teristic of EI the authors must point out that the IEI
contains a factor structured “self-efficacy meaning”, in
order to address the ability to use emotions to achieve
personal goals. This structural aspect is well represented
by some items, one of them for instance is “I think [ am
able to overcome problems”.

In the present study, the irrational beliefs were also
considered a very important emotional and cognitive
dimension linked to school success [29, 30]. Significant
results were observed on this indicator (p < 0.05). It is
also likely that EI and irrational beliefs are closely in-
terconnected, because it is hard to become emotionally
intelligent without being capable of thinking in a func-
tional way and controlling emotions. According to Di
Pietro [29] the principles of emotional education, not
the psychotherapy, should already be learned in a play-
ful way starting from elementary school, as suggested
by the handbook here presented.

Lastly, it is confirmed that the implementation of the
handbook had an impact on the knowledge of the steps
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Post-implementation
Median (range); mean ranks

Pre-implementation
Median (range); mean ranks

U-test; p value
42 (28-59);149.1

U-test; p value
37 (25-53); 139.8

Table 1
Median outcome scores and ranges of the scores of participating students (n = 276)
Variable Group N
IEI Experimental 146
Control 130

Idea Inventory Experimental 146

Control 130
LAQ- Goal definition Experimental 146

Control 130
LAQ- Expressing Experimental 146
positive feelings Control 130
LAQ- Making Experimental 146
requests Control 130
LAQ- Expressing Experimental 146
unpleasant feelings Control 130
LAQ- Active listening Experimental 146

Control 130
LAQ- Problem solving Experimental 146

Control 130

to be dealt with in sequence for improving goal defi-
nition, effective communication and problem solving.
The positive impact is satisfactory, given the statistically
significant difference between the experimental and
control group.

This study has mainly investigated the impact of in-
tervention on EI “outcome-oriented”. This aspect rep-
resents the core point of this work. With this study, the
authors confirmed the effectiveness of the handbook,
which has been conceived to promote health in the way
suggested by “gaining health” programmes. It is im-
portant to pinpoint that this intervention to promote
mental health is based on a structured and systematic
continuous psycho-education, bearing in mind that
psycho-education and salutogenesis are the key com-
ponents of public health promotion and share the same
principles and actions [31, 32].

The limit of this study is the study design, which did
not take into account randomization and therefore
there may be a generalization defect. The lack of this
kind of methodology was due to feasibility reasons and
therefore further evaluation is needed.

Another limitation is that differences between pre-

39(21-53);137.0
9305.0;,0.77

47 (26-68); 142.1

47 (23-71); 134.5

41 (25-56);126.5
7918.0;<0.01
49 (32-74);149.1
49 (30-68);126.5

8967.5;0.43 7938.5;,<0.05
0(0-4);134.8 1(0-5);148.3
0(0-3);142.70 0(0-3);127.5
8948.0;0.17 8055.5;<0.05
1(0-2); 134.8 1(0-4); 163.7
1(0-3); 142.6 1(0-2);110.2
8950.5;0.29 5811.0;<0.01
1(0-2); 140.8 1(0-4); 163.0
1(0-2); 1359 1(0-2); 1109
9832.5,0.55 5909.0;<0.01
0(0-2); 1385 1(0-5); 166.0
0(0-2); 138,50 (0-3); 107.6
9490.5, 0.99 5468.0; < 0.01
0(0-1); 1369 1(0-5); 158.2
0(0-2); 140.3 0(0-1); 1164
9254.0,0.19 6610.0;<0.01
0(0-3); 135.20 (0-4); 144.2
0(0-3); 142.2 0(0-1); 132.2
9007.0;0.09 8664.0; < 0.05

and post-implementation scores are small in absolute
values, also because the scores improved for both ex-
perimental and control groups, although to a lesser ex-
tent in the control group compared to the experimental
group, on the instruments which assessed EI and irra-
tional beliefs. An introduction of contamination within
the schools, between experimental and control classes,
may have played a role in this, weakening or diluting the
implementation effects. The control classes within the
schools may have become aware of the implementation
processes by knowledge transfer from the experimental
classes, either inadvertently or intentionally as students
may have discussed their experiences. Nevertheless, the
implementation performance in the experimental group
is encouraging and provides preliminary evidence of its
efficacy.
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Abstract

Introduction. Pediatric malaria, even in countries considered as free as Italy, is an im-
portant problem of public health because children have a high variability of the clinical
picture. The objective of this brief note is to determine the incidence of pediatric malaria
in the Piedmont Region during the period 1989-2015.

Materials and methods. All cases of pediatric malaria notified were considered thanks
to the regional information flow over the period 1989-2015. Cases of congenital malaria,
unconfirmed malaria cases, and aged 14 and older were excluded of the study.

Results. In Piedmont in the period 1989-2015, pediatric malaria accounts for 8.8% of
the total (172/1946 cases). 74% of patients are of foreign nationality, to which must be
added the 14% represented by those born in Italy from foreign parents, while it is 100%
the fraction of patients who have made a trip to the abroad. The notification of cases is
greater in the autumn months. Only 7.6% of the sample carried out a complete chemo-
prophylaxis. In 79% of cases, the primary care physician advised chemoprophylaxis on
trips to endemic areas.

Conclusions. At present, lacking an effective vaccine, the prevention and implementa-
tion of standard precautions such as chemoprophylaxis, represent the safest strategy to
put into practice to eradicate the disease especially for the groups at greater risk as visit-

Key words
¢ malaria
e pediatric malaria

ing friends and relatives.

INTRODUCTION

Malaria is a disease caused by Plasmodium proto-
zoans (Plasmodium falciparum, Plasmodium vivax, Plas-
modium ovale, Plasmodium malariae and Plasmodium
Knowlesi) transmitted to humans by the bite of some
species of female mosquito of the genus Anopheles.
Plasmodium falciparum is the most prevalent malaria
parasite in sub-Saharan Africa (100%), the Western Pa-
cific (72%), Eastern Mediterranean (69%) and South
East Asia (63%), while Plasmodium vivax is the domi-
nant malaria species in the Americas (74%) [1].

The symptoms, depending on the plasmodium spe-
cies, appears 7-15 or more days after the bite of the
infected mosquito. They are consistent in fever, often
very high, headache, vomiting, diarrhea, sweating and
shaking chills, all symptoms, at least existing, common
to any flu syndrome or other infections.

Malaria cases are classified according to the termi-
nology adopted by the WHO in 1963, as follows: a
case of malaria is considered to be imported when the
infection was contracted in a country other than that

in which it is diagnosed; autochthonous when it is lo-
cally contracted. Among the autochthonous cases are
defined induced, those caused by transfusions or other
form of parenteral inoculation (transplants, nosocomial
infections, etc.); introduced the secondary cases locally
contracted after the bite of an indigenous mosquito in-
fected on an importation case (bearer of gametocytes)
or contracted with the bite of an infected mosquito ac-
cidentally imported (malaria from luggage, from the air-
port). A cryptic case is an isolated case of malaria that
after an adequate epidemiological investigation cannot
be classified in any of the categories described above. In
the period 2013-2017 in Italy there were 3805 cases of
malarial cases, of which 12 cases were autochthonous,
4 induced and 8 cryptic, with a peak of 7 cases occurred
in summer 2017 that created a great concern for public
health [1].

WHO’s World Malaria Report has estimated that in
2017 the number of total cases was around 219 million,
with about 435 000 deaths [2]. Although it represents
one of the most widespread diseases in the world, 92%
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of cases and 93% of deaths occurred on the African
continent.

However, in the latest years the spread of malaria
has considerably reduced thanks to increasing fight and
control plans and since 2016 WHO announced that the
autochthonous transmission of malaria in European
states was eradicated [3].

Yet, because of global migrator fluxes’ increase and
growing number of international travelers, in non- en-
demic countries malaria continues to be the most im-
portant import disease [4].

Worldwide, imported malaria is defined as a malaria
infection acquired in an endemic area of malaria but
diagnosed in no endemic country. Italy is included by
WHO among malaria-free countries since 1970 but the
attention remains very high because cases imported
into areas that are no longer endemic may represent
infection’s sources due to the presence of competent
vectors on the territory, allowing the reactivation of a
local transmission, as recently happened in Greece [5].

In areas of high malaria transmission, children under
the age of 5 are particularly vulnerable to infection and
develop the disease in severe form. In 2017, 61% of
deaths (266 000) affected this age group [2]. Pediatric
malaria is an important public health problem because
clinical picture is highly variable for children, and often
not easily attributable to the disease. Children develop
more severe disease’s forms especially before the age of
5, with a greater probability of death than adults [6].

The objective is to determine the incidence of pedi-
atric malaria in the region of Piedmont in the period
1989-2015. Secondary objectives are the determination
of the incidence of malaria cases among European and
Non-European citizens, the determination of the per-
centage of malaria cases despite chemoprophylaxis and
the determination of the increase in notifications post
holidays periods.

MATERIALS AND METHODS

The study evaluated all cases of pediatric malaria
notified and recovered through in Piedmont thanks to
regional information flow in the period 1989-2015. The
composition of the study sample included all confirmed
cases of malaria in the age group up to 14 years, re-
gardless of nationality and sex. The exclusion criteria
applied were: unconfirmed cases of malaria, age over 14
years, congenital malaria cases. The analysis provided
a quantitative stratification for some characteristics:
nationality, notification month of malaria cases, travel
destination and fulfillment prophylaxis. The notification
forms analyzed did not allow us to describe the clinical
course and the severity of the individual case. In fact it
was not possible to consult the medical records. Fur-
thermore, another aspect that could not be investigated
was the possible diagnostic delay.

CASE DEFINITION

The criteria adopted for the identification of the case
are those provided by the Italian Ministry of Health [7]:
a case of malaria is defined as a symptomatic, paucisin-
tomatic or asymptomatic individual in which there is the
presence of malarial parasites with diagnostic methods

that have clinics, epidemiological or laboratory criteria.
The classification offers the possibility of having a prob-
able case, in which the clinical and epidemiological cri-
teria are met, and a confirmed case, in which the labora-
tory criterion (microscopic confirmation) is also satisfied.
Only confirmed cases were considered in this study.

RESULTS

Among 1946 malaria cases notified in Piedmont in
the period 1989-2015, pediatric malaria represents 8.8
% of total (n. 172), the case-fatality rate is 0.58 %, due
to a single case of death in the study sample. The most
represented species of Plasmodium protozoans was the
Plasmodium falciparum (150 cases) Plasmodium vivax
(3 cases), Plasmodium ovale (8 cases); there were also
3 cases of mixed forms and 9 cases in which the agent
is not specified. The stratification of the sample by citi-
zenship has shown that the largest share of patients is of
foreign nationality. They represent 74% (n. 127) of the
sample, while 12% (n. 21) of the sample is represented
by Italian citizens and 14% (n. 24) by children born in
Italy from foreign parents. The 100% of the sample is
the share of patient who travelled abroad. The country
of destination was North e West Africa for over 95% of
cases, around 60% of the notifications, in fact, come
from people who have visited the Ivory Coast and Nige-
ria. There were several reasons behind those travels, but
in the most cases it was for returning to the country of
origin, Table 1 shows the destination and the reason for
the trip and the use of chemoprophylaxis.

August, September and October and partly even No-
vember and January are the months in which the larg-
est number of diagnosis occurred, as a consequence
of people returning from journeys taken during school
summer and winter breaks (Figure 1).

The notification forms analyzed starting from 2003
are enriched with some information: type of trip, type
and method of chemoprophylaxis and operator who
recommended chemoprophylaxis. Considering that the
data is partial, related to 131 cases, the data we present
are not to be considered general.

Only 7.6% of the sample received a complete che-
moprophylaxis. Moreover, it should be considered that
26% of malaria cases are not preventable by a prophy-
laxis, as they concern that share of children reaching
Italy via immigration. Mefloquine was the most used
molecule in either complete or partial chemoprophylax-
is. It was the family doctor (general practitioner/family
pediatrician) that in most cases (79%) recommended a
chemoprophylaxis before a trip to endemic areas.

DISCUSSION

According to Surveillance Atlas of Infectious Diseas-
es data of the European Center for Disease Prevention
and Control (ECDC) for 2017, 8401 cases of malaria
were reported in the EU/EEA, 8393 (99.9%) of which
were confirmed and almost all cases of malaria reported
by EU countries for 2017 have been imported [8].

France reported the highest number of cases, fol-
lowed by the United Kingdom, Germany and Italy.

All countries that report the greatest number of
cases have historical, economic, linguistic and cultural
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Table 1
Reason and destination of travel and use of malaria chemoprophylaxis*
Destination Reasons Type of prophylaxis
Benin 3 Immigration 26 (15%) Atovaquone/Proguanil 2
Burkina Faso 16 Parental work 2 (1.2%) Mefloquine 33
Cameroon 10 Residence 3 (1.7%) Quinine 1
Congo 8 Return of origin country 102 (59.3%) None 65
Ivory Coast 27 Tourism 20 (11.6%) Not remeber 30
Ghana 9 Other 2(1.2%)
Equatorial Guinea 3 Does not know 17 (9.9%) Subdivision by citizenship
Eedrlia 2 Pﬁrcentage zflsicl_( %eople who l;fve carried out [talian 21 (12%)
Cbert 1 chemoprophylaxis urnnq trave Foreign 127 (74%)
Madagascar . C(?mplete chemoprophylaxis 10 (7.6%) Born in Italy from foreign parents 24 (14%)
) Missed doses 6 (4.6%) L
“NAiag"ema S, Noteecuted 65 (49.6% Pt S
Interrupted 12 (9.1%) o
Not reported Late 3(2.2%) Trav§l medicine surgery 26 (20%)
Senegal 9 Not remermber 30 (22.9%) Family Doctor 103 (79%)
Tergge Partial chemoprophylaxis 5 (3.8%) el S

*Reference period 2003-2015 131 cases.

links with endemic areas, particularly in Africa and the
Americas. Most cases of malaria imported into France
and the United Kingdom are linked to travel routes
from West Africa [4]. Italy was the fourth country in
terms of number of notifications, after France, United
Kingdom and Germany, with 830 reported malaria cas-
es, of which about 12% of pediatric malaria cases.

Although the Member States of the European Union
have been free from malaria since 1975, the presence of
the vector of the genus Anopheles is frequently docu-
mented [9]. Italy in particular seems to remain a risk
zone due to the vector competence of some species of
Anophele (Anopheles superpictus, A. sacharovi and A.
labranchiae) and the high malarious degree [10].

Over the last 10 years occasional cases of indigenous
malaria were reported in several European countries.
In almost all cases it was “airport malaria” [9]. How-
ever, malaria is more frequently introduced in Europe
through importation, which has multiple variable:
increased international travels, especially in tropical
and subtropical areas, more immigrants from coun-

40
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Figure 1
Diagnosis of malaria by month, cumulative 1989-2015 (n. 172
pediatric cases in the Piedmont Region, Italy).

tries where malaria is endemic, and the role of visiting
friends and relatives (VFRs).

VFRs are individuals from low-income countries who
having settled in high-income countries periodically go
back to their native country to visit relatives and friends.
This population of immigrants alone counts for 50% of
international travelers [10]. They represent a group of
travelers particularly at risk with regard to travel-related
diseases, more than other kind of travelers (tourists,
business-travelers) [11].

VFRs visit rural areas more frequently and stay there
longer than those who travel in risk area for tourism
or business, and probably in healthier conditions. Fur-
thermore, with regard to malaria, VFRs may have a low-
er perception of risk, believing that they have a perma-
nent immunity to infection, acquiring with birth in the
endemic country, without considering the potential for
a relapse of the infection. This leads to a lower employ-
ment of available preventive measures: repellents, mos-
quito nets, air conditioning and chemoprophylaxis [12],
and also for their children. Even the subpopulations
belonging to the group of traveler VFRs, like pregnant
women and pediatric individuals, seems to be slightly
sensitive about preventive measures [13].

VFRs may represent up to 70% of imported malaria
cases in developed countries [11]. Data analyzed in this
study also show how the greater incidence of pediatric
malaria occurs during periods corresponding to school
summer holidays (August, September and October)
and Christmas festivities (December and January), dur-
ing which VFRs often go back to their native country
(Figure 1).

CONCLUSION

Imported malaria represents one of the most diag-
nosed diseases in developed countries, but at the same
time one of the most preventable if standard precau-
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tions were always adopted. VFRs are one of the group
most at risk of contracting malaria and importing it in
developed countries. This multiethnic and diverse cat-
egory should represent the main target of awareness
policies of the actors in charge of the purpose. Howev-
er, there seems to be many implementation difficulties:
VERSs often consider chemoprophylaxis as an almost ex-
aggerated precaution for a disease that is been known
since childhood [14]; furthermore, socio-economic dif-
ficulties, lack of knowledge of prevention tools and lack
of knowledge of the correct and timely use of health
and social services.

Prevention and awareness-raising strategy should thus
be extensive and systematic, especially for VFRs individ-
uals who are integrated into society in developed coun-
tries. Many actors shall be involved: general practitioner,
family pediatrician, pharmacists, primary school teach-
ers. Furthermore, an extensive information might be of-
fered also in workplaces and places of entertainment.

In Europe, malaria chemoprophylaxis is recom-
mended only for travelers in malaria endemic countries,
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Abstract

The penalty system implemented by Italian law still represents a barrier against psy-
choactive drugs and drug addiction, especially at a time when the age of first consump-

Key words
e Presidential Decree
309/90

tion has considerably dropped. Presidential Decree n. 309 of October 9, 1990 entitled |  psychoactive drug
“Consolidation of the laws governing drugs and psychotropic substances, the prevention, | * NPS

treatment and rehabilitation of drug addicts”, and referred to as Presidential Decree | © legislative evolution
309/90, is the reference text for the cultivation, production, trade and use of narcotics | * Italy

and other psychoactive substances in Italy. The Presidential Decree has its origins in

the now-forgotten law of December 22, 1975, n. 685, amended by law 162/90, which

provided a draft of the current Presidential Decree 309/90. The current text has been

amended numerous times over the years.

INTRODUCTION

In ancient times, there was no moral problem regard-
ing the use of psychoactive substances, as they represent-
ed a fundamental part of the relationship to the Gods,
a link with medicine, and a spiritual connection with
the body. Psychoactive substances were closely linked
to the religious experience. They were mainly used as
an entheogenic agent during rituals of vision and com-
munication with the divine: peyote (“bread of the gods”)
in Mexico, ayahuasca (“liana of spirits”) in the Amazon
and Central America, iboga (“miraculous plant” or "tree
of knowledge”) in West Africa, kawa (“bitter, pungent,
sour drink”) in the South Pacific, and cannabis in the
East. Drugs were also used by philosophers, for their
stimulant and exhilarating properties. The ancient
Greeks used them to cheer up their banquets (hemp,
henbane, opium, mandrake). In the Odyssey of Homer,
the author tells that Helen gave wine mixed with opium
to Telemachus, the son of Ulysses, to alleviate his pain.
Even the ancient Romans used psychoactive substances.
With the development of the Christian religion, drugs
started being regarded as “evil”, and their use, either
for medical or religious purpose, was severely punished.
With the discovery of the New World, coca and tobacco
were imported into Europe from Americas. In Europe,
the development of scientific disciplines such as chem-
istry, pharmacology and medicine, restored the status of

psychoactive drugs as active ingredients or excipients of
medicines. In the second half of the 19th century, the
use of drugs in Europe, either for recreative or medical
use, spread considerably. Opium was used in pharma-
cies, even for children, due to its relaxing properties.
Cocaine was preferred by intellectuals because it was
regarded as a substance capable of amplifying critical
and creative thoughts. In 1897, Bayer marketed heroin
as a medicine to treat cough, respiratory problems and
to fight morphine dependence. A year later, heroin was
already a huge commercial success and was exported
to more than twenty countries. In the 1930s, a num-
ber of “new psychoactive substances (NPS)”, as they
were so called at the time, were synthetized in labora-
tories and marketed. For instance, amphetamines were
prescribed to treat depression and the excessive use of
hypnotic medicines; they were also used in the military
sphere because of their anorectic and psychostimulating
properties. In 1943, the “lysergic acid diethylamide”, or
LSD, a hallucinogenic substance whose precursor can
be extracted from the fungus ergot, was synthesised and
was initially used as a stimulant in psychotherapy and to
treat alcohol addiction. This review decribes for the first
time the evolution of the National legislation on psycho-
active substances since the first laws at the beginning of
20th Century till the Presidential Decree 309 of 1990
and subsequent amendements.
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METHODOLOGY

A wide-ranging search of relevant scientific literature
has been performed using multidisciplinary databases
(Scopus, PubMed, PubMedCentral, Research Gate,
Medline, Google Scholar) and in legal search engines
(NORMATTIVA, Regulatory archive of the Ministry of
Health) with the aim to gather all relevant laws regarding
psychoactive substances banning that were published
from 1920 until December 2019. The used search keys
were: Presidential Decree 309/90, Psychoactive Drug,
NPS, Legislative Evolution. The search was limited to
English language and Italian language materials, and all
articles have been independently revised for content by
three of the authors to verify their relevance within the
framework of the present review. Only the articles that
were ultimately considered relevant by at least two of
the paper authors have been chosen.

RESULTS

The Italian legislation has always considered the pro-
duction and illicit trafficking of drugs a crime, adopting
repressive measures and always more incisive sanctions
on the basis of International Conventions. The drug
legislation was initially inspired by the prohibitionist
point of view, although part of the public opinion called
for separate treatment of cannabis and its derivatives
(so-called soft drugs), asking for their legalization. The
first drug law of February 18, 1923, n. 396, was part of a
political-social context radically different from now, and
considered drug use as a “vice”.

However, it provided for the punishability of the con-
sumers only if their conduct threatened public order.
Morphine, cocaine and other “poisonous substances
that in small doses give narcotic action” were controlled,
identified and included in a specific list [2]. The 1930
Rocco Code established a number of measures aiming at
repressing the trade and use of illegal drugs and the facil-
itation of use [3]. The subsequent reform resulted in the
decree-law n. 151 of January 15, 1934, which repealed
the previous law and absorbed some of the provisions of
the penal code [4]. This regulatory framework remained
in force until the introduction of the law of October 22,
1954, n. 1041, “Law on Narcotics - Discipline of their
production, trade and employment” (law n. 1041, www.
gazzettaufficiale.it/eli/id/1954/11/12/054U1041/sg),
which severely punished all possible conducts concern-
ing the narcotics, including detention for personal use
[5]. This law took into account the control of cultivation,
production and trade of the generally defined “psycho-
tropic drugs” with particular attention on opiates, and
severely punished personal use outside medical pre-
scription. The spread of psychoactive substances in Italy
began at the end of the 1960s, and has reached great
proportions over the following decade. Given the inad-
equacy of the legislation, which was characterized by a
merely repressive approach to the problem, providing
for the punishability of the consumer who was consid-
ered as a delinquent, a political intervention was asked
to the civil society that also took into account the social
and health aspects of the drug phenomenon.

Subsequently, the law “Disciplina degli stupefacenti
e sostanze psicotrope. Prevenzione, cura e riabilitazi-

one dei relativi stati di tossicodipendenza. (Regula-
tion of narcotic drugs and psychotropic substances.
Prevention, treatment and rehabilitation of the related
states of drug addiction)” was introduced on December
12, 1975 [6] (law n. 685, www.gazzettaufficiale.it/eli/
id/1975/12/30/075U0685/sg). For the first time, the law
recognized the possibility of not punishing simple drug
users for their own consumption. However, there was
no precise definition of the concept of “small quanti-
ty”, which was therefore left to the complete discretion
of the judges. For this reason, the Court of Cassation
dictated guidelines to reach consensus, defining the
concept of “small quantity” of drug that encompassed
the notion of drug addiction. Furthermore, to reach a
sentence of acquittal or conviction, it was required that,
the magistrate, through scientific investigations, should
understand the number of drug doses in addition to the
nature and composition of the substance. During the
1980s, the trend in drug use reached worrisome propor-
tions, with a significant increase of drug-related fatali-
ties involving drug overdoses, road accidents under the
influence, the onset of drug-related diseases (AIDS, vi-
ral hepatitis) and the increase drug-related crime. Dur-
ing the 1990s, Italy and most European countries faced
the increase and spread of psychoactive substances us-
ing law enforcement, prevention policies (training and
education in schools) and treatment and social reha-
bilitation programs. The need to cope with the increase
and diffusion of drugs brought about a new turning
point in the evolution of Italian legislation, achieved
by the with law n. 162 (Vassalli-Russo-Jervolino) [7]
“Aggiornamento, modifiche ed integrazioni della leg-
ge 22 dicembre 1975, n. 685, recante disciplina degli
stupefacenti e sostanze psicotrope, prevenzione, cura
e riabilitazione dei relativi stati di tossicodipendenza.
(Updating, modification and integration of law n. 685
of December 22, 1975, regulating narcotic drugs and
psychotropic substances, prevention, treatment and re-
habilitation of the relative states of drug addiction)” of
June 26, 1990 (law n. 162, www.gazzettaufficiale.it/eli/
id/1990/06/26/090G0197/sg) [7] which provided a draft
of the current Presidential Decree 309/90 [1]. This law
restored the sanctions against holders of small quanti-
ties for personal non-therapeutic use. As a legislative in-
strument of intervention, the regulations in force were
collected in a special consolidated text, the Presidential
Decree 309/90, on the subject of the discipline of nar-
cotic drugs and psychotropic substances, prevention,
treatment and rehabilitation of drug addicts. With the
Presidential Decree 309/90, the laws n. 685 and n. 162
and the applicative decrees issued by the Ministry of
Health were unified, in order to align themselves on the
resolutions adopted by the Member States of the Euro-
pean Community.

PRESIDENTIAL DECREE N. 309
OF OCTOBER 9, 1990

The law of June 26, 1990 (n. 162) [7] introduced into
the December 12, 1975 (law n. 685) [6] numerous mod-
ifications, suppressions, substitutions and insertions of
articles and paragraphs. It was therefore necessary to
reorganize the whole discipline through the elaboration
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of a “single text”, which was adopted with the Presi-
dential Decree 309/90 [1]. Laws n. 685 and n. 162 [7]
were thus unified with the implementing decrees issued
by the Ministry of Health. Before April 1993 popular
referendum, personal use was linked to the quantity of
the substance used, which should not, however, exceed
the “average daily dose”. Art. 73 was based on the sys-
tem of double track sanctions, which made a distinc-
tion between “soft drugs” and “hard drugs”. These drugs
were divided into six tables. Tables 1 and 3 listed the so-
called hard drugs (e.g., ecstasy or coca leaves). Tables 1
and 4 listed the so-called soft drugs (e.g., cannabis and
derivatives). Finally, Tables 5 and 6 included products
used for therapeutic purposes and containing substanc-
es mentioned in Tables 1-4, for their potential for abuse
and dependence (e.g., anxiolytics, antidepressants and
psychostimulants).

The Presidential Decree n. 309 of October 9, 1990:
“Testo unico delle leggi in materia di disciplina degli
stupefacenti e sostanze psicotrope, prevenzione, cura
e riabilitazione dei relativi stati di tossicodipendenza.
(Consolidation of the laws governing drugs and psy-
chotropic substances, the prevention, treatment and
rehabilitation of drug addicts)”, (www.gazzettauffi-
ciale.it/eli/id/1990/10/31/090G0363/sg) [1] referred as
Presidential Decree 309/90, came into force in 1990,
concerning the legal discipline of narcotic drugs and
psychotropic substances together with rules for the
prevention, treatment and rehabilitation of the relative
states of drug addiction. It was divided into 12 different
parts:

e Title I - Authorities and schedules (articles 1-16)

e Title II - Authorization and permits (articles 17-25-
bis)

e Title III - Provisions relative to the cultivation and
production, manufacture, use and wholesaling of
narcotic and psychotropic substances (articles 26-37)

e Title IV - Provisions distribution (articles 38-49)

e Title V - Import, export and transit (articles 50-59)

e Title VI - Documentation and custody (articles 60-68)

e Title VII - Specific provisions governing the substanc-
es listed in tables IV, V and VI (articles 69-71)

e Title VIII - Penalties for illicit activities (articles 72-
103)

e Title IX - Information and educational measures (ar-
ticles 104-112)

e Title X - Regional, provincial and local authorities’
responsibilities. Services for drug addiction (articles
113-119)

e Title XI - Preventive, curative and rehabilitation mea-
sures (articles 120-126)

e Title XII - Final provisions (articles 127-136)
Annexes to the Single Text on Narcotic Drugs
Title I indicates and reserves the responsibility for

guiding and promoting the general policy of control,

prevention and intervention in the sector of the Nation-
al Coordination Committee for Action against Drugs,
and determines the general supervisory functions of
the Ministry of Health and the Ministry of Internal Af-
fairs, as well as the particular powers of the Regions.
The surveillance and control activities of the Police
Forces are then established, as well as the tasks of in-

formation and operational coordination of the Central
Directorate for Anti-drug Services, a joint association
under direct orders of the Ministry of Internal Affairs.
Articles 13 and 14 indicate the criteria for establishing
the 6 Tables containing the list of controlled substances
ordered by potential hazard, on the basis of which the
criminal and administrative norms (Title I-VIII) apply
differentiated punitive sanctions. Titles II, 1II, IV, V, VI
and VII examine all aspects of the cultivation, produc-
tion, manufacture, distribution, use, import and transit
of psychoactive drugs, laying down specific require-
ments for authorisation, documentation and commu-
nication of data and information. The evolution of the
criminal law on psychoactive substances is detailed in
Title VIII and deals specifically with the measures of “re-
pression” of illicit activities related to psychoactive sub-
stances, regarding both the treatment applied to the
consumer and the limits of the criminal relevance of
the conduct of detention. Titles IX, X and XI constitute
a very articulated text that can be considered as the
guiding principle of the law to give great effectiveness
to the prevention, treatment and reintegration. In this
context, a provision operating in the fields of informa-
tion, education, medical and social assistance has been
established. The annexes consist of Tables. The first
four Tables list all psychoactive drugs and psychotropic
substances connected to the system of sanctions for il-
licit use and placed under International and National
Control (Tables I and III major sanctions; Tables II and
IV minor sanctions). The first four Tables also include
preparations containing the substances listed in each
of these Tables. The Table of Medicinal Products in-
dicates the medicinal drugs, with particular reference
to the prescriptions of the medicinal products for pain
therapy and the medicinal products used in the course
of treatment for the cessation of addictions, based on
narcotic and psychotropic active substances of current
therapeutic use for human or veterinary use. The Table
of Medicinal Products is divided into five sections A, B,
C, D and E. In these Tables medicinal drugs are distrib-
uted according to their potential for abuse. The Tables
also indicate the dispensing regime. Medicinal drugs
with simplified prescriptive procedures are included
in Annex IIla. The evolution of the criminal law on
psychoactive substances, currently represented by the
Presidential Decree 309/90, has mainly considered four
aspects: the legal treatment of the simple drug con-
sumer, the limits of criminal relevance concerning drug
detention, the public intervention in prevention, treat-
ment/rehabilitation and the inclusion of new psychoac-
tive substances in the Tables of banned compounds. On
the other hand, the regulatory system for the detection
of psychoactive substances has remained substantially
unchanged over time. This regulatory system for psy-
choactive substances is characterised by the absence of
a general notion of “drug”. This means that the drug is
not considered in terms of its origin (vegetable or syn-
thetic), consumption method (e.g., chewing, smoking,
injection, oral intake) and ability to cause alterations in
interpersonal relationships and with the environment.
The difficulty found in the identification of a univocal
notion has therefore induced the legislator to prefer the
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“Tabular System”. In fact, in the Presidential Decree,
only the substances included in annex Tables of the
Presidential Decree 309/90 are considered as “psycho-
active substances”. The Presidential Decree n. 309 of
1990 has been the first exhaustive act on the regulation
of psychoactive substances traffick and use in Italy.

AMENDEMENTS OF THE PRESIDENTIAL
DECREE 309/90 DURING THE YEARS
Referendum of 1993

A turning point came with Presidential Decree of
June 5, 1993 “Abrogazione parziale, a seguito di refer-
endum popolare, del testo unico delle leggi in materia
di disciplina degli stupefacenti e sostanze psicotrope,
prevenzione, cura e riabilitazione dei relativi stati di
tossicodipendenza, approvato con decreto del Presi-
dente della Repubblica 9 ottobre 1990, n. 309. (Par-
tial repeal, following a popular referendum, of the con-
solidated text of the laws on the discipline of narcotic
drugs and psychotropic substances, prevention, treat-
ment and rehabilitation of the relative states of drug
addiction, approved by Presidential Decree n. 309 of
9 October 1990)” (law n. 171, www.gazzettaufficiale.it/
atto/serie_generale/caricaDettaglioAtto/originario?atto.
dataPubblicazioneGazzetta=1993-06-05&atto.codic
eRedazionale=093G0238&elenco30giorni=false) [8],
which amended 309/90. In particular, Article 72, para-
graph 1, which contained the prohibition of personal
use and any unauthorised use of drugs and psychotro-
pic substances, was repealed. By repealing Article 75,
paragraph 1, and Article 78 paragraph 1, letter b and c,
the notion of dose limit (“average daily dose”) was also
abolished. The positive effects of 309/90 — i.e. a reduc-
tion in the number of drug-related deaths, an increase
in the number of people entering community detoxifi-
cation protocols, the seizure of ever greater quantities
of drugs — were therefore hampered by the referendum
promoted and won by the Radicals in 1993, as only the
distribution of drugs remained illegal. Since the referen-
dum, and until 2006, even the detention of large quan-
tities of drugs was criminally irrelevant. In these terms,
the jurisprudence had been oriented, considering ac-
ceptable the possession of tens of grams of heroin, and
even the transfer aimed at “group consumption”. The
regulatory framework had become both lax and unnec-
essarily rigorous. Lax at the user/drug dealer interface:
without proof of sale, there was no illegal limit for pos-
session. Unnecessarily rigorous at the recovery: in sev-
eral cases, the drug addict who completed his stay in
prison could be reincarcerated, even for minor crimes
and despite rehabilitation, thus frustrating the efforts
for recovery.

Decree of September 23, 2004

With the implementation of European Commission
Directive 2003/101/EC of November 3, 2003 [9], and
the Decree of September 23, 2004 “Attuazione della di-
rettiva 2003/101/CE del 3 novembre 2003 della Com-
missione europea, per quanto concerne la classificazi-
one ed i valori di soglia di alcune sostanze soggette a
controllo, con sostituzione degli allegati I e III al testo
unico delle leggi sulla disciplina delle sostanze stupefa-

centi e psicotrope, di cui al decreto del Presidente della
Repubblica 9 ottobre 1990, n. 309, come modificato
dal decreto legislativo 12 aprile 1996, n. 258, recante
il recepimento della direttiva 92/109/CEE relativa alla
fabbricazione e all'immissione in commercio di talune
sostanze impiegate nella fabbricazione illecita di stu-
pefacenti o di sostanze psicotrope. (Implementation of
European Commission Directive 2003/101/EC of No-
vember 3, 2003, regarding the classification and thresh-
old values of certain substances subject to control, re-
placing Annexes I and III of the consolidated text of the
laws on the regulation of narcotic drugs and psychotro-
pic substances, referred to in Presidential Decree n. 309
of October 9, 1990, as amended by Legislative Decree
n. 258 of April 12, 1996, transposing Directive 92/109/
EEC to the manufacture and the marketing of certain
substances used in the illicit manufacture of narcotic
drugs and psychotropic substances)” (www.myttex.net/
forum/attachment.php?aid=1590) [10], regarding the
classification and threshold values of certain substances
subject to control, Annexes I and III of the consolidated
text of the laws governing narcotic drugs and psychotro-
pic substances were replaced by the following: Category
I (1-phenyl-2-propanone, N-acetylanthranilic acid, Iso-
safrol cis and trans, 3,4-methylenedioxyphenylpropan-
2-one, piperonal, safrole, ephedrine, pseudoephedrine,
norephedrine, ergomethrine, ergotamine and lysergic
acid), Category II (acetic anhydride, phenylacetic acid,
anthranilic acid, piperidine and potassium permanga-
nate) and Category III (hydrochloric acid, sulfuric acid,
toluene, ethyl ether, acetone and methyl ethyl ketone).

Law February 2, 2001 (n. 12) “Standards
to facilitate the use of opioid analgesic drugs
in the treatment of pain”

Further amendments followed with two impor-
tant laws: law of February 8, 2001 (law n. 12, www.
gazzettaufficiale.it/atto/serie_generale/caricaDettaglio-
Atto/originario?atto.dataPubblicazione Gazzetta=2001-
06-16&atto.codiceRedazionale=001A6713&elenco
30giorni=false) [11] entitled: “Norme per agevolare
I'impiego dei farmaci analgesici oppiacei nella terapia
del dolore — Indicazioni applicative. Rules to facilitate
the use of opioid analgesic drugs in pain therapy — Ap-
plication guidelines” and law of February 21, 2006
“Conversione in legge, con modificazioni del decreto-
legge 30 dicembre 2005, n. 272, recante misure ur-
genti per garantire la sicurezza ed i finanziamenti per
le prossime Olimpiadi invernali, nonché la funzionalita
dell’ Amministrazione dell'interno. Disposizioni per fa-
vorire il recupero di tossicodipendenti recidivi. (Con-
version into law, with amendments to decree-law n. 272
of December 30, 2005, containing urgent measures to
guarantee the safety and funding for the next Winter
Olympics, as well as the functionality of the internal
administration. Provisions to encourage the recovery of
recidivist drug addicts)”. For the first time, By law n. 12,
by the more and more pressing requests from patient
associations in terminal phase were received with the
aim of facilitating prescription and administration the
following active substances (Annex III-bis): buprenor-
phine, codeine, dihydrocodeine, fentanyl, hydrocodone,
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hydromorphone, methadone, morphine, oxychodone,
oxymorphone, in pain treatments for patients suffering
from severe pain due to neoplastic or degenerative pa-
thology. The offences, in prescription and dispensation,
were all decriminalized and penalties were reduced to
administrative pecuniary sanctions.

Law February 21, 2006, (n. 49)

The deppest revision of 309/90 was brought with
the law of February 21, 2006, (law n. 49 - www.
gazzettauff1c1ale it/eli/gu/2006/02/27/48/s0/45/sg/pdf
[12] “Conversione in legge, con modificazioni del de-
creto-legge 30 dicembre 2005, n. 272, recante misure
urgenti per garantire la sicurezza ed i finanziamenti per
le prossime Olimpiadi invernali, nonché la funzional-
ita dell’ Amministrazione dell'interno. Disposizioni per
favorire il recupero di tossicodipendenti recidivi. (Con-
version into law, with amendments to decree-law n. 272
of December 30, 2005, containing urgent measures to
guarantee the safety and funding for the next Winter
Olympics, as well as the functionality of the internal
administration. Provisions to encourage the recovery of
recidivist drug addicts)”, conversion of decree-law De-
cember 30, 2005 (n. 272) [13].

With the law n. 49, also known as Fini-Giovanardji,
all psychoactive substances that did not find any thera-
peutic use were included in a single Table that did not
discriminate “soft” and “hard” drugs for personal use,
resulting in equal sanctions. The former six Tables were
reduced to two, of which only the second, subdivided
into sections A to E by dependence liability, was rel-
evant from a therapeutic and legal point of view. The
rigorous choice of equalisation had, however, been mit-
igated by the reduction of the minimum penalty and
the existence of mitigating circumstances referred to
in art. 73, paragraph 5. The new system of sanctions
— administrative and criminal — aimed to combine pre-
vention, repression and recovery, assuming that drug
use is not an innocuous exercise of freedom, but an
act of rejection of the most basic duties of the indi-
vidual towards the different communities in which he
lives. The punishment of drug possession was reintro-
duced and a boundary was established between deten-
tion, which represents an administrative offence, and
detention, which constitutes a criminal offence. The
boundary was no longer represented by the “small
quantity”, which was subjective and arbitrary, nor the
“average daily dose”, but an objective quantitative Ta-
ble for substance: if the drug in possession exceeded
a certain limit, criminal sanctions were applied; if the
quantity was below that limit, administrative sanctions
were applied (suspension of the driving licence, weapon
licence, passport, residence permit for tourists, and ad-
ministrative detention of the scooter in use). With the
new law, the criminal sanctions were gradual. For users
who had committed a minor crime, a completely new
measure was introduced if the person did not want to
go through rehabilitation and had already been granted
a sentence suspension: instead being incarcerated and
upon request, convicted people could do public util-
ity work for the entire duration of the prison sentence.
Confirming existing provisions, which were made more

appropriate to the seriousness of the crimes, recovery
was favored from the moment when pre-trial deten-
tion was ordered: detention could be avoided by going
under house arrest and starting, under certain condi-
tions, a therapeutic program. To have a better chance
of undergoing therapy, the possibility of suspending
the execution of the final prison sentence was widened:
the limit of punishment allowing suspension was raised
from 4 to 6 years of imprisonment, which allowed a
larger number of drug addicts to go through rehabili-
tation. The reform also had a profound impact on the
management of drugs. It was important for both the
doctor and the pharmacist to replace the old “two cop-
ies” prescription with the “tracing” one, reserving the
use of only one category of medicines (Table II, Sec-
tion A) and a maximum lenght of 30 days. In order to
limit illicit activities associated with therapeutic use, the
new discipline provided a draft of a copy of the pre-
scription, limited to section A, which the patient must
hold as proof of legal possession of the drug prepara-
tion. Galenic preparations may then be prepared only
with the narcotic active ingredients listed in Section B
of Table II, and the validity of the galenic and renew-
able prescription was limited to 30 days. The extension
of section E prescriptions could not exceed three times
in the 30 days of validity. A vouchers-purchase bulletin
is necessary for cumulative orders. Although official,
this bulletin is not printed by the State Polygraph and
can be downloaded and printed directly from the Min-
istry’s website and coexists with the old official model
bulletin, which can only be used for one substance or
preparation. Like all laws, the discipline of narcotics
also needed rules of application and interpretation. It
has been clarified that the discharge from the register
of substances and preparations for destruction can only
be made when the pharmacist loses the material pos-
session of narcotic drugs to no availing itself of the pos-
sible entrustment by the Local Healthcare Units after
drawing up a special report (Ministerial Health Note
May 31, 2006 N. D.G.F.D.M/VIII/P/1.8d.q/20116). It
has also been made clear that the compilation, of the
voucher-purchase bulletin can be carried out also by a
pharmacist other than the holder or director, provided
that it was authorized for this purpose by formal act
(Ministerial Health Note May 20, 2008 N. 0019201-
P- 20/05/2008 DGFDM). Finally, as far as the model
of the entry and exit register is concerned, the Ministry
has clarified that the number of pages can be different
from 200. This clarification therefore allows for regis-
ters with less than 200 pages to be set up and, conse-
quently, to replace them more frequently, thus being
able to destroy the prescriptions downloaded two years
after the last registration, with an obvious advantage for
the confidentiality of personal data.

Ministerial Decree of April 18, 2007

Subsequently, Ministerial Decree of April 18, 2007
“Aggiornamento e completamento delle Tabelle conte-
nenti I'indicazione delle sostanze stupefacenti e psico-
trope e relative composizioni medicinali, di cui al de-
creto del Presidente della Repubblica 9 ottobre 1990, n.
309, e successive modificazioni ed integrazioni, recante
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il testo unico delle leggi in materia di disciplina degli
stupefacenti e sostanze psicotrope e di prevenzione,
cura e riabilitazione dei relativi stati di tossicodipen-
denza”. (Update and completion of the Tables in the
Presidential Decree n. 309/90, www.trovanorme.salute.
gov.it/norme/dettaglioAtto?completo=si&id=23064)
[14], was amended by the decree of April 29, 2007.
The prescription of opioid analgesic medicinal products
(Annex III-bis) was no longer limited to the treatment
of severe pain caused by neoplastic or degenerative
pathology. Therefore, these medicinal products can be
used for the therapy of the severe pain (postoperative,
trauma...), regardless of the origin of the pain itself.
New substances were also added to Table I: total opium
alkaloids, beta-hydroxymethyl-3-fentanyl, buprenor-
phine, intermediate destromoramide, (+) - 1 - methyl
- lysergic acid diethylamide, morphine methyl bromide
and other morphine derivatives with {pentavalent ni-
trogen} including N-oxymorphine derivatives (such as
N-oxycodeine). For the same decree, the following sub-
stances were also removed from Table I: ethylcyclidine
and ethyl ester of 4-phenylpiperidin-4-carboxylic acid.
In the same Table, the common name of messalina has
also been replaced by the common name of mescaline.
New substances were also added to Table II, section
B: delta-9-tetrahydrocannabinol, trans-delta-9-tetrahy-
drocannabinol and nabilone, while tramadol and the
compositions containing this substance were removed
from section B and D of the same Table. Moreover, me-
dicinal compositions for uses other than the injectable
ones containing destropropoxyfen in association with
other active ingredients were moved from section D to
section E of Table II.

The Ordinances of the Vice-Minister Fazio
(June 16 and July 2, 2009)

Additional ministerial intervention consisted of the
Ministerial Ordinance of June 16, 2009 “Iscrizione tem-
poranea di alcune composizioni medicinali nella Tabella
I1, sezione D, allegata al testo unico delle leggi in mate-
ria di disciplina degli stupefacenti e sostanze psicotrope
e di prevenzione, cura e riabilitazione dei relativi stati
di tossicodipendenza. (Temporary entry of certain me-
dicinal compositions in Table II, Section D, attached
to the consolidated text of laws on the regulation of
narcotic drugs and psychotropic substances and on the
prevention, treatment and rehabilitation of the relative
states of drug addiction)” (www.gazzettaufficiale.it/
atto/serie_generale/caricaDettaglioAtto/originario?atto.
dataPubblicazioneGazzetta=2009-06-20&atto.codice
Redazionale=09A07142&elenco30giorni=false)  [15]
with substances such as opioids, certain pharmaceuti-
cal forms, to a limited extent, and authorized analgesic
substances, were transferred from section A to section
D of Table II (buprenorphine, codeine, dihydroco-
deine, fentanyl, hydrocodone, hydromorphone, oxyco-
done, morphine, oxymorphone). The measure, which
was followed by another Ordinance on July 2, 2009
“Supplements to the Ordinance of 16 June 2009 on
“Integrazioni all'ordinanza 16 giugno 2009, recante Is-
crizione temporanea di alcune composizioni medicinali
nella tabella II, sezione D allegata al testo unico delle

leggi in materia di disciplina degli stupefacenti e sos-

tanze psicotrope e di prevenzione, cura e riabilitazione

dei relativi stati di tossicodipendenza. (Temporary entry
of certain medicinal compositions in Table II, Section

D attached to the consolidated text of laws on the dis-

cipline of narcotic drugs and psychotropic substances

and on the prevention, treatment and rehabilitation of
their states of drug addiction” (www.gazzettaufficiale.
it/eli/id/2009/07/08/09A08111/sg) [16] involved the fol-
lowing practical effects for physicians and pharmacists:

e use of personal prescription of the doctor or the Na-
tional Healthcare System;

e overcoming, without limits, of the dose for thirty days
of treatment (except in the case of National Health-
care System prescription);

e deletion of input and output recording;

e the obligation to store psychoactive drugs in a closed
locker no longer applies;

e purchase without filing the bulletin (in the sole case
of purchase from a wholesaler);

e destruction of prescriptions retained after six months;
However, with the Ministerial Ordinance of July 2,

2009, the obligation to identify the purchaser in the

case of personal prescription was introduced. The goal

was to avoid the circulation of falsified prescriptions
without possibility to trace the person responsible for
the presentation. The obligation to send to the Local

Healthcare Unit and the Order of Pharmacists, by the

end of each month, a summary communication of the

prescriptions sent privately (white prescription) in the
previous month was also provided for.

Law March 15, 2010 (law n. 38) “Arrangements
to ensure access to palliative care and pain therapy”

After a process that lasted almost two years, law of
March 15, 2010 (law n. 38, www.gazzettaufficiale.it/
gunewsletter/dettaglio.jsp?service=1&datagu=2010-03-
19&task=dettaglio&numgu=65&redaz=010G0056&t
mstp=1269600292070) [17], entitled “Disposizioni per
garantire 'accesso alle cure palliative e alla terapia del
dolore. (Provisions to ensure access to palliative care
and pain therapy)”, was published in the Official Ga-
zette n. 65 of March 19, 2010. The law had a very strong
impact on the prescription and dispensing of medicines
used in pain therapy. The rules were contained in art.
10 entitled “Simplification of procedures for access to
medicines used in pain therapy” and intervened signifi-
cantly on various articles of Presidential Decree n. 309
of October 9, 1990, which regulates narcotic drugs and
psychotropic substances. The following amendments
were enforced on April 3, 2010.

Article 14 (Table). The amendment to Article 14
provided for the inclusion in Section D of Table II of
all medicinal products containing substances listed in
Annex IIl-bis to Presidential Decree 309/90, namely:
buprenorphine, codeine, dihydrocodeine, fentanyl, hy-
drocodone, hydromorphone, methadone, morphine,
oxycodone, oxymorphone, provided that they are not
parenteral preparations. The Ministry of Health was
forced to amend the Table because the provision of law
could be fully implemented.

Article 25-bis (destruction). Article 25-bis greatly
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simplified the procedures for the destruction of psycho-
active substances. The destruction could be carried out
by allowed private companies which had to provide a
report to be transmitted to the Local Heathcare Unit
by the Pharmacy Director.

Article 38 (vouchers). The amendment to art. 38
removed the requirement for a written request to pur-
chase medicinal products from Sections D and E, when
purchased from suppliers other than wholesalers. In es-
sence, the obligation to complete the bulletin only re-
mained for medicinal products belonging to sections A,
B and C, in all procurement scenarios.

Articles 41 and 43 (receivers). Indication of the ad-
dressees of simplified forms for prescription analgesic
medicinal products (art. 41 and 43) passed from pa-
tients affected by severe pain during pathology neoplas-
tic or degenerative to that more generic and extensive
of patients who had access to palliative care and pain
therapy.

Article 43 (medical prescription book). Paragraph
4-bis Article 43 provided for the possibility of the pre-
scription of medicinal products belonging to section
A, to be on the health service’s medical preascription
book national. However, it was obvious that, if the
doctor prescribed the medicine of section A not under
National Healthcare System control, only the medical
prescription book must be used to Ministerial tracing.

Article 45 (buyer’s documents). With regard to the
obligations of the pharmacist in the dispensation of
Section A medicinal products (art. 45, 1st paragraph), it
should be ensured that (the pharmacist) the identity of
the purchaser and took note of the extremes of an iden-
tification document from transcribe on the prescription
to the following forecast that noted on the prescription
the first name, last name and contact details of the buy-
er’s identification document.

Article 45 (excess therapy). The legislator wanted
to overcome the following problem: the pharmacist
still sent out the prescriptions that should prescribe a
quantity which, in relationship to the indicated dosage,
theoretically exceeded the maximum limit of 30-day
therapy, where the surplus was due to the number of
contained dosage units in the packages on the market.
The pharmacist was also allowed to reduce the number
of packages to fit in with the requirements of the 30
days of therapy, taking into account however, the pre-
vious forecast was present and communicating to the
doctor.

Article 45 (fulfilments). Paragraph 6-bis, added to
Article 45, concerned the pharmacist’s obligations if
presented with a prescription, so-called white, prescrib-
ing medicines which, according to the ordinance of 16
June 2009 and this law, have passed, and will pass, from
section A to section D.

Article 45 (reduced delivery). For all prescribed
medicinal products and belonging to Sections A to E,
the possibility was provided for, on request of the pa-
tient, reduced delivery than the prescribed quantity by
giving communication to the doctor, or but in any case
by the end of the year. 30-day period of validity of the
prescription and reporting on it the quantities delivered
from time to time (Article 45, paragraph 10-bis).

Article 60 (logbook). The amendment to Article 60
reduced to two years the conservation period of the en-
try and exit register date of last registration. In this way,
the conservation time of the prescriptions of sections
A, B and C (two years) was brought into line with the
conservation time of the register and, obviously, of all
the accompanying documents (bulletins, vouchers, re-
ports of destruction, theft, etc.). In addition, art. 60, as
amended, provided that the number of pages could be
different from two hundred and adequate to the amount
of drugs that would normally taken over and sold.

Article 68 (decriminalizations). Finally, with the
addition of paragraph 1-bis to art. 68, the irregularities
found relating to breaches of the regulations on record
keeping were decriminalised.

Sentence n. 32/2014 of the Constitutional Court

With decree-law of March 20, 2014 “Disposizioni
urgenti in materia di disciplina degli stupefacenti e
sostanze psicotrope, prevenzione, cura e riabilitazione
dei relativi stati di tossicodipendenza, di cui al decreto
del Presidente della Repubblica 9 ottobre 1990, n. 309,
nonché di impiego di medicinali meno onerosi da parte
del Servizio Sanitario Nazionale. (Urgent provisions
concerning the regulation of narcotic drugs and psycho-
tropic substances, prevention, treatment and rehabilita-
tion of the relative states of drug addiction, as per Presi-
dential Decree n. 309 of 9 October 1990, as well as the
use of less onerous medicines by the National Health-
care Service)”, law n. 36, (www.gazzettaufficiale.it/eli/
id/2014/3/21/14G00047/sg) [18], several amendments
were made to the Presidential Decree n. 309/90, follow-
ing sentence of 2014, n. 32 (www.cortecostituzionale.it/
actionSchedaPronuncia.do?anno=2014&numero=32)
[19], of the Constitutional Court, which reinstated the
distinction between “soft” and “hard” drugs. Compared
to the original single Table of Drugs, the decree-law
returned to four Tables (plus a Table of “Medicines”),
and considered separately cannabis and its derivatives,
which ended up in the Second Table. The second excep-
tion concerned the sanctions: as a result of the com-
bined effect of the new decree and the ruling of the
Constitutional Court, the penalty system of the law n.
162 was revised. In this concern the penalties for im-
prisonment in case of possession of significant cannabis
quantities and the trafficking of cannabis and its deriva-
tives were again significantly reduced.

Moreover, a new Table of medicinal products was
established to allow complete continuity in the pro-
duction, prescription, and distribution of psychoactive
medicinal products, with particular reference to the
prescriptions of pain therapy medicinal products and
medicinal products used in the course of treatment for
the cessation of addictions. The modalities of prescrip-
tion and dispensing therefore remained unchanged for
all therapies with psychoactive drugs; the modalities of
management of the medicines by the operators of the
pharmaceutical sector also remained unchanged.

Therapeutic use of cannabinoids in Italy
Ministerial Decree 98/2007 “Aggiornamento e
completamento delle Tabelle contenenti I'indicazione
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delle sostanze stupefacenti e psicotrope e relative com-
posizioni medicinali, di cui al decreto del Presidente
della Repubblica 9 ottobre 1990, n. 309, e successive
modificazioni ed integrazioni, recante il testo unico
delle leggi in materia di disciplina degli stupefacenti e
sostanze psicotrope e di prevenzione, cura e riabilitazi-
one dei relativi stati di tossicodipendenza. (Update and
completion of the Tables containing the indication of
narcotic and psychotropic substances and related me-
dicinal compositions” as per Presidential Decree n. 309
of 9 October 1990 and subsequent amendments and
additions, containing the consolidated text of the laws
on the regulation of narcotic drugs and psychotropic
substances and on the prevention, treatment, rehabili-
tation of their states of drug dependence) (www.trova-
norme.salute.gov.it/norme/dettaglioAtto?completo=si
&id=23064) has recognized the therapeutic properties
of delta-9-tetrahydrocannabinol (THC), the main ac-
tive ingredient of cannabis, and two other analogs of
synthetic origin (dronabinol and nabilone). These sub-
stances are listed in Table II section B (art. 2), which
lists the substances that can be used in therapy and
prescribed according to Article 72, paragraph 2, of the
consolidated law 309/90.

With the Ministerial Decree n. 33 of 2013, an update
of the Tables containing the indication of narcotic and
psychoactive substances was made, inserting in Table II
section B the “medicinal products of vegetable origin
based on cannabis (herbal substances and preparations,
including extracts and tinctures” (www.gazzettaufficia-
le.it/eli/id/2013/02/08/13A00942/sg).

To the present day, the current classification of canna-
bisand derivatives, is finally dictated by the lawn. 79/2014
(www.gazzettaufficiale.it/eli/id/2014/05/20/14G00090/
sg), which confirms the therapeutic function of the
substances mentioned above and therefore their in-
clusion in Table II section B, now renamed “Table of
Medicines”. However, the law also classifies tetrahydro-
cannabinol (THC) and its analogues in Table I (most
dangerous substances), and cannabis and its derivatives
— oil, resin, leaves and inflorescences — in Table II (sub-
stances with a lower risk of addiction).

Production, distribution and use of medical cannabis

According to art. 26 of Presidential Decree 309/90
“(...) the cultivation of the plants included in Table I
and II of art. 14 (...) is forbidden in the territory of
the State”, however “the Minister of Health can autho-
rize university institutes and public laboratories with
institutional research purposes, to cultivate the above-
mentioned plants for scientific, experimental or didac-
tic purposes”. Thanks to this exception, the Ministry of
Health and the Ministry of Defence signed an agree-
ment on September 18, 2014, under which the military
chemical-pharmaceutical plant (SCFM) in Florence
now carries out the operations of cultivation and manu-
facture of the active substance of plant origin based on
cannabis. It also provides for the packaging and distri-
bution, upon request of the Regions and Autonomous
Provinces, to local pharmacies or hospital pharmacies
for the preparation of magisterial preparations, to be
dispensed on presentation of a non-repeatable pre-

secription, in order to meet the needs of the assisted
population. The active herbal substance is therefore
supplied by the SCFM or can be found abroad, fol-
lowing a series of procedures regulated by the decree
of February 11, 1997 entitled “Methods of importing
specialty medicines registered abroad”, which allows
the importation of drugs not distributed in the Italian

Health circuit.

The Ministerial Decree of November 9, 2015 “Func-
tions of the State Agency for cannabis provided for
in Articles 23 and 28 of the Single Convention on
Narcotic Drugs of 1961, as amended in 1972" (www.
gazzettaufficiale.it/eli/id/2015/11/30/15A08888/sg) has
laid down more detailed provisions on the subject. Ar-
ticle 1 has identified the precise functions of the Minis-
try of Health as the State Agency for cannabis, which:
e authorises the cultivation of cannabis plants for use in

the manufacture of herbal medicinal products based

on cannabis;

o identifies the areas of use for such cultivation;

e imports, exports and distributes across the national
territory, i.e. it authorises the import, export, whole-
sale distribution and maintenance of stocks of can-
nabis plants and material;

e provides for the determination of the production
quotas of active substances of plant origin based on
cannabis on the basis of the requests of the Regions
and Autonomous Provinces and informs the Interna-
tional Narcotics Control Board (INCB) at the Unit-
ed Nations.

A technical annex to the Ministerial Decree has
dealed with the most practical issues:

e the dosage of the medicinal product is determined, as
well as the the mean of production and distribution
to pharmacies;

e States that treatments with cannabis cannot be con-
sidered “a therapy in the strict sense of the word”, but
only to palliate the standard treatments when they
have not produced the desired effects or have caused
side effects that cannot be tolerated;

e the possible therapeutic uses of cannabis are exhaus-
tively indicated for diseases involving spasticity and
pain (multiple sclerosis, spinal cord injury); chronic
pain; nausea and vomiting caused by chemotherapy,
radiotherapy and HIV therapy; with appetite-stimu-
lating effect in cachexia, anorexia, oncology or AIDS
patients; with hypotensive effect in glaucoma; for re-
duction of involuntary bodily and facial movements
in Tourette’s syndrome);

¢ a phytosurveillance system will be set up, and ther-
apeutic responses to cannabis will be monitored,
thanks to reports made by health professionals to the
Istituto Superiore di Sanita about any suspected ad-
verse reactions following administration.

Currently, Italy allows the exclusive therapeutic use
of cannabinoids in the form of magisterial preparations
based on cannabis, i.e. galenic drugs (e.g., tinctures, in-
fusions, oils, extracts) prepared by the pharmacist in his
laboratory. The only drug of synthetic origin, based on
cannabinoids, and authorised for trade by Italian Medi-
cines Agency is Sativex, which can only be used in the
symptomatic treatment of muscle spasms in patients
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with multiple sclerosis. The latter is a class H drug, and
can therefore be supplied at the expense of the NHS
only in the hospital environment and dispensed through
hospital pharmacies and the territorial system.

New Psychoactive Drugs (NPS)

All narcotic drugs and psychoactive substances are
now listed in Tables I, II, III and IV, which account for
the substances with strong addictive liability and po-
tential for abuse in decreasing order; these Tables are
amended whenever there is a need to introduce or re-
move a new substance or change its location. These Ta-
bles, linked to the system of sanctions for illicit use, list
the narcotic and psychoactive substances placed under
International and National control. The Table of me-
dicinal products, itself divided into 5 sections (A, B, C,
D, E), displays the medicinal products containing nar-
cotic and psychotropic active substances and currently
used for therapeutic purposes in human or veterinary
medicine, and exemptions for doctors, pharmacists and

Table 1

operators in the pharmaceutical sector. In addition, An-
nex III-bis of the same decree contains the medicines
used in pain therapies, which benefit from simplified
prescriptive procedures, marked in the Tables with a
double asterisk.

Since July 2007, by separate decrees of the Minis-
try of Health entitled “Update of the Tables containing
the indication of narcotic and psychoactive substances,
as per Presidential Decree n. 309/90, and subsequent
amendments and additions”. Many new psychoactive
substances (Table 1 of this article), have been included
in Table 1 [20-56].

“Substances with an analogy” were also included in
Table I, and include substances with similar chemical
structure or effects to the substances already present
in the same Table (2-amino-1-phenyl-1-propanone,
indazol-3-carboxamide, indol-3-carboxamide, 3-benzo-
ylindole, 3-phenylacetylindole, 3-(1-naphthoyl)indole).
Bupropion and pyrovalerone have been excluded from
Table 1. In Table II, herbal medicinal products based

New psychoactive substances included in Table I, Presidential Decree n. 309790, since 2007

Cathinones Phenethylamines

4-MEC 2C-E

Ethylone 25H-NBOMe

Buphedrone 2C-H

Pentedrone 25E-NBOMe

Alpha-PVT 4CI-iBF

4F-NEB 25B-NBF

Alpha-PHP 25B-NBOH

Alpha-PVP DOC

BK-2C-B 3,4-DMA NBOMe

|sopentedron 4-EA NBOMe

Methylone HHMA

bk-MBDB HMA

Amfepramone HMMA

3.4-Methylenedioxypyrovalerone  25B-NBOMe

(MDPV)

Mephedrone 25C-NBOMe
25-NBOMe
4-Methylamphetamine
4-fluoroamphetamine

Benzofurans Arylcyclohexylamines

6-EAPB Deschloro-N-ethyl-ketamine

3-MeO-2-Oxo-PCE

Synthetic cannabinoids

XLR-11
S5F-Apinaca
5F-APP-Pica
5F-APP-Pinaca
5F-PB22
AB-Chminaca
AB-Fubinaca
ADB-Chminaca
ADB-Fubinaca
APP-Fubinaca
BB-22
Cumil-5F-Pinaca
MDMB-Chmica
CP 47,497

CP 47.497-homologous C8
AM-694

JWH-250

JWH-122

JWH-018

JWH-073

Tryptamines
5MeO-MIPT
ETH-LAD
5-MeO-EIPT
DALT

New synthetic opioids

Furanylfentanil
3-Phenylpropanoylfentanyl
4-Fluoroisobutyrfentany! (4F-iBF)
Benzylfentanyl

Benzoylfentanyl

Carfentanyl

Cyclopentylfentanyl
Cyclopropylfentanyl
Benzodioxolefentanyl
Methoxyacetylfentanyl
Tetrahydrofuranylfentanyl (THF-F)
Tetramethylcyclopropanfentanyl
Thiophenefentanyl

Butyrfentanil

2-fluorofentanyl
U-47700
Acryloylfentanyl
3-Methylfentanyl
3-Methylthiofentanyl
Acetylfentanil
Morphine-N-Oxide
Ocfentanil
AH-7921

MT-45

6-MAM

3-MAM

Oripavine

Continues
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Table 1

Continued
Aminoindanes Benzodiazepines

MDA Flubromazolam

Amphetamines Plants and extracts

4-FMA lbogaine
5-EAPB Mitragynine
Fenbutrazate Mitragyna Speciosa

Phentermine
Mazindol

Tabernanthe Iboga
Argyreia nervosa seeds
I[pomoea violacea seeds

Rivea corymbosa seeds

on cannabis in Section B (substances and vegetable
preparations, including extracts and dyes), nandrolone
in Section A and tapentadol in Section D (previously
included in Table IT Section A) have been included re-
spectively. Amfepramone and phentermine, have been
excluded from Table II Section B. In Table IV, fonaz-
epam (benzodiazepine analogue of flunitrazepam),
methylmorphonate (methylphenidate anologue), suf-
entanil for sublingual use, etizolam and meprobamato
have been included. In the Table of Medicinal Prod-
ucts, section D, lormetazepam has been included to the
section “Compositions for use parenteral”. In addition,
the use of propilesedrine, except for the manufacture of
barbesaclone, has been excluded. Moreover, the follow-
ing substances have been excluded from the Table of
Medicinal Products, Section B (dextropropoxyphene,
fenproporex, mefenorex, meprobamate and tetraz-
epam), section C (dextropropoxyphene) and section E
(meprobamate, dextropropoxyphene and tetrazepam).
Conversely, cannabis-based herbal medicinal products
have been included as usable in pain therapy in the
Table of Medicinal Products, Section B. In Annex III-
bis, tapentadol has been added to the list, previously
included in Table II Section A. These decisions have
been taken “to protect public health, in view of the risks
associated with the use and spread of new psychoac-
tive substances onto the international market”, as the
world of drugs is evolving every day, and has consider-
ably changed in the last 10 years, with different forms of
addiction, substances and modes of consumption.

CONCLUSION

The areas addressed offer an opportunity to recall
that, in the Italian law, the penalty system for drug use
and trafficking is based on Tables, and illicit conduct
concerning (only) substances that are included in the
“Tables” referred to in Articles 13 and 14 of Presidential
Decree n. 309/90 are punished. The fact that the Min-
istry of Health, an administrative authority, has been
entrusted with the task of drawing up and amending
the “Tables” determines the construction of the criminal

Piperidines and pyrrolidines  Piperazines

Ethylphenidate Benzylpiperazine
Arylalkylamines Others

MPA G-130

2-MABB PRE-084

6-IT 2-MeO-difenidine
5-APB NBOMe 4,4-dimethylaminorex
6-APB Afloqualone
5-APB MMQ

6-APDB W-18

5-APDB Phendimetrazine
5-IT Nandrolone

cases concerning narcotic or psychoactive substances
as “blank criminal regulations”, in which the sanction is
determined by a legislative act, while the illegal conduct
is only partly described, since it must be specified by the
Ministerial Decree governing the individual substances.
The adoption of the tabular system of substances sub-
ject to control determines that only conduct concerning
substances included in the “Tables” may be sanctioned,
both criminally and administratively. It is worth repeat-
ing the need for the complete and timely updating of
these Tables, to avoid the effect of punishing conduct
involving substances that, although dangerous, have not
been tabulated. The problem arises in all its emergence
for the so-called new psychoactive drugs (NPS) freely
available on the Internet, although they produce stimu-
lating and hallucinogenic effects similar to those of
banned substances. They are obtained by modifying the
chemical structures of the main illegal substances to ob-
tain new substances that are not controlled and, for this
reason, are called “legal highs”. They are unregulated
and untested. Given that the chemicals in these drugs
are constantly changing to stay ahead of the law, it’s
possible to receive a very different product from batch
to batch, even if the packaging and name are the same.
The new molecules detected by the European Monitor-
ing Centre for Drugs and Drug Addiction (EMCDDA)
in 2018 are about sixty. Some of these have already
been detected on Italian users, but as hundreds of other
types are not yet listed in the “Tables” updated by the
Ministry. Old and new generations of drugs are passing
on the baton at a faster rate than bureaucratic proce-
dures, and Italy is struggling.
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Abstract

Background. In Europe, there is not routinely collected data on children’s food insecu-
rity. Indirect data show that food insecurity is on the rise in Europe, which may have a | ® households
great impact on children’s health. e children
Methods. Considering that, we systematically reviewed any evidence coming from Eu- | © prevalence
ropean countries in the last 10 years that reported the prevalence and correlates of food | ¢ Europe
insecurity among children, intending to serve as a starting point for policymakers and

guidelines.

Results. We report worrying prevalence rates of food insecurity among children from 9

studies. There is a lack of evidence regarding this issue in many EU countries, especially

Eastern Europe. Hence, the need for increased attention towards food insecurity among

children in European countries.

Conclusions. Achieving food security means designing targeted policies and interven-

tions, both at a national and EU level. Policymakers and governments should make the

Key words

e food insecurity/security

appropriate efforts to deliver food security as a public good.

INTRODUCTION

Food insecurity (FI) is an increasing public health
issue in the world, affecting even developed countries
[1, 2]. According to Food and Agriculture Organiza-
tion (FAQO), food insecurity is on the rise starting from
mid-2014, with nearly 1 in 10 people in the world living
in this condition [3].

That is even more worrying when talking about chil-
dren, who, if affected, may be in danger, not only for
present, but, also, future adverse health outcomes, since
their developing brains and bodies can suffer long-term
negative consequences [4].

Food security is achieved when all people, at all
times, have physical and economic access to sufficient,
safe and nutritious food to meet their dietary needs and
food preferences for an active and healthy life. As it is
seen, food security is a broad concept. It includes not
only the quality of food and food shortage but also phys-

ical, social and economic access to food as well as food
preferences [5]. The likelihood of experiencing food
insecurity is higher among households with children,
those who rely on social assistance, renters, households
headed by a single parent, without a university degree,
a divorced person, younger persons and most impor-
tantly, those with lower income [2]. Other factors may
be the region of residence and family composition [6].

Food insecurity is worrying because of the negative
consequences on children’s health through physio-
pathological pathways such as a compromised dietary
intake and being a strong stressor [7]. Furthermore,
food insecurity is strictly connected to nutritional inse-
curity (sufficient calories but insufficient or unbalanced
essential oligo-nutrients) and poor food safety (unsafe
environments, poor hygiene, lack of clean water), creat-
ing a complex relationship and converging on a series of
negative health outcomes.
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FI is associated with worse diet quality, micronutri-
ent deficiency, poor health status and stress situations
[7]. Iron or zinc deficiencies, associated with food in-
security, may impair learning, delay cognitive develop-
ment and decrease productivity and academic achieve-
ments [8]. These children have a higher probability of
presenting cardio-metabolic risk factors [9] and chronic
conditions, particularly asthma, depression and suicidal
ideation in adolescence [3], as well as dental caries [10]
anemia, hypercholesteremia and hypertension [11]. As
for the relationship between food insecurity and chil-
dren’s BMI, literature is ambivalent. While some stud-
ies have found a positive association between food in-
security and obesity [12], in other cases it is concluded
that this correlation doesn't exist [13].

Unlike Europe, household food security is routinely
monitored in the USA and Canada using the House-
hold Food Security Survey Module (HFSM) through
nationally representative surveys, providing accurate
prevalence data on child food insecurity and its determi-
nants [1, 2]. In Europe data regarding this issue come
from reports published by FAO, UNICEF and Eurostat
surveys, or from a limited number of studies conducted
in only a few European countries [3, 14]. In most cases
the tool used to measure food security is not HFSM.
This implies that the duration of exposure is not speci-
fied, nor multiple dimensions of food insecurity cap-
tured, such as hunger or insecure access to sufficient
quantities of food, as are measured by the HFSM [2].
Furthermore, in Europe, there is a lack of studies assess-
ing the impact of food insecurity on children’s health.

The importance of having these data rises from warn-
ings that food insecurity has been increasing in Europe
since the 2008 recession [15]. An indirect indication of
this, is the proliferation of food banks since 2010, as ob-
served in the UK [16], Greece, Spain, and France [17].

The evidence gap regarding food insecurity among
children in a national and European level and the impact
that it has on their health might be a missed opportunity
to act. This evidence could guide future policies concern-
ing food insecurity among children, both at a national or
EU level. Considering that, we aimed at summarizing
any evidence coming from European countries in the last
10 years that reported the prevalence and correlates of
children living in food insecure households.

METHODS
Search strategy

We searched three major databases (Web of Science,
PubMed, Scopus), looking for relevant articles pub-
lished between January 1+, 2009 and June 1+, 2019. We
considered this time frame in order to have information
on children’s food insecurity following the economic
crisis that started 10 years ago in Europe. In PubMed,
we searched the title/abstract of the articles using the
keywords “food”, nutrition”, “nourishment”, “supply”,
“adequacy”, “access”, “security”, “insecurity”, “utilization”,
“availability”, “poverty”, “hunger”, “children”, “pediatric”,
“adolescent”, “teenager”, “kid”, “Europe” using the Bool-
ean operators AND, OR. The search was restricted to
only humans and full-text availability. We adapted the
search strategy for the other two databases.

Study selection and inclusion/exclusion criteria

Articles were imported to Excel and the duplicates
were removed. The screening process was carried out
separately by two reviewers (DZ, FC) and was divided
in two rounds. During the first round, pertinent articles
were selected based on titles/abstracts. Then, the full
texts of these articles were obtained and entirely read
and those satisfying all the inclusion criteria were in-
cluded. We included studies that assessed the preva-
lence of children (until 18 years old), living in food in-
secure households in high-income countries in Europe
(European Union). We included only these countries
because of their economic and social similarities. Stud-
ies assessing food insecurity in children with disabili-
ties or health problems were excluded. Cross-sectional
studies were considered, as well as longitudinal ones,
as long as the prevalence of food insecurity was mea-
sured at a specific time frame (i.e. baseline). We ex-
cluded articles that were not original studies and were
not published in a peer-reviewed journal. Disagree-
ments were resolved by consensus. The reference lists
of the included studies were hand-searched to look for
additional articles. If data from the same sample was
reported in different studies, we decided to include the
most recent one.

Data extraction and synthesis
Data extraction was performed independently by two
reviewers (DZ, FC). A data extraction form (see Table
1) was used retrieving the following information for
each eligible article:
e Study identification: first author, title, publication
year
e Study characteristics: study period, country, design,
sample
Households’ characteristics: demographic, socioeco-
nomic status (SES), children’s age
Food insecurity measurement method, reported by
who
Food insecurity prevalence
Socio-economic and health correlates of food insecu-
rity.
Due to high heterogeneity between studies, especial-
ly in the population that was studied, a narrative syn-
thesis was conducted. This included summarizing the
characteristics of the studies and households, reporting
the prevalence of children living in food insecure house-
holds and investigating its relationship with characteris-
tics of the households, children’s age and the tool used
to assess food insecurity.

Quality assessment

Two examiners (DZ, FC) separately used the New-
castle Ottawa Scale, modified and adapted for cross-
sectional studies, [18] and the Newcastle Ottawa Scale
for cohort studies, [19] evaluating the selection process,
comparability, outcome and appropriateness of statisti-
cal analysis. The final scores were compared, and dis-
crepancies were resolved by consensus.

We used the PRISMA (Preferred Reporting Items for
Systematic reviews and Meta-Analyses) statement, [20]
as a guide for this review.

ORIGINAL ARTICLES AND REVIEWS . . . ©
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The protocol of this systematic review was registered in
PROSPERO, registration number: CRD42018109745.

RESULTS
Characteristics of the included studies

Our search strategy produced a total number of 2105
articles. The results of the screening process are given
in Figure 1. After the screening process, only 9 studies
were included in the review (Table 1). The quality score
in the final sample ranged from 6 to 8 (Supplementary
material 1, available online).

Eight (89%) were cross sectional studies [21-28],
while one (11%) was longitudinal [29]. One study
(11%) was conducted in Spain [21], one (11%) in Ger-
many [22], one (11%) in Greenland [23], one (11%) in
Greece [26], two (22%) in France [24, 25] and three
(35%) in the United Kingdom (UK) [27-29]. Six studies
(67%) [23-27, 29] explored also the variables associated
to household food insecurity, while two studies (22%)
[23, 29] reported health correlates of this condition.

Characteristics of the bousebolds

Three studies (33%) [21, 23, 26] had directly recruit-
ed children and, then, retrieved information from their
caregivers or from the children themselves, when age

pertinent, for a total of 28 029 children. The rest had
included households with at least one child in them, for
a total of 3342 households.

Participants were living in mainly urban locations
(67%), with 3 studies (33%) [23, 27, 29] havinga mixed
location. Four studies (45%) [21, 23, 25, 29] included
households with different socio-economic status (SES),
others were focused only on low or very low SES house-
holds.

Children’s age varied from 1 to 18 years old. One
study (11%) included the age category 1-5 years old
[29], one (11%) the category 6-11 [28], two (22%) the
category 12-18 years old [21, 23], and four (45%) more
than one of these categories [24-27]. One study (11%)
did not report children’s age [22].

Measurement of food insecurity

Food insecurity was measured using the HFSM in
all the studies, except one [23]. Based on 18 questions,
this questionnaire classifies the households as high,
marginal, low and very low food security [30]. Five
studies (55%) used the full version of HFSM [29, 24-
26, 28], one (11%) used the 6-items adapted version
[27] and one (11%) the 8-items adapted version [22].
When food insecurity was reported by children them-

PubMed N. 935

Records identified through
database search N. 2105

Scopus N. 967

<4

M1

Web of Science N. 203

Records after duplicates
removed N. 2055

<=

Records screened
by title N. 2055

Records excluded N. 1949

4=

Records screened
by abstract N. 106

Records excluded N. 86

4=

Records excluded N. 13

Full text articles assessed for
eligibility N. 20

Reasons:
« Studies not reporting food
insecurity prevalence (6)

<=

« Data collection
before 2007 (2)

« Studies conducted in
the same sample (1)

Additional
studies N. 2

—

Articles included
in the review N. 9

« Studies conducted only
in adult populations (4)

Figure 1

Flowchart of the screening process of the articles included in the review.
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Table 1

Extraction form reporting relevant information from all the included articles in the systematic review

Author

Shankar-
Krishnan,
etal.

Depa et al.

Niclasen
etal.

Yang et al.

Martin-
Fernandez
etal.

Martin-
Fernandez
etal.

Petralias
etal.

Long et al.

Harvey

Title

Spanish adaptation and
validation of the Child
Food Security Survey
Module (CFSSM-S)

Prevalence of food inse-
curity among food bank
users in Germany and its
association with popula-
tion characteristics

Adverse health effects
of experiencing food
insecurity among
Greenlandic school
children

Association of food
security status with
overweight and dietary
intake: exploration

of White British and
Pakistani-origin families
in the Born in Bradford
cohort

Food Insecurity in
Homeless Families in the
Paris Region (France):
Results from the EN-
FAMS Survey

Prevalence and
socioeconomic and
geographical inequali-
ties of household food
insecurity in the Paris
region, France, 2010

The impact of a school
food aid program

on household food
insecurity

The impact of holiday
clubs on household
food insecurity. A pilot
study

When | go to bed hun-
gry and sleep, I'm not
hungry”: Children and
parents’ experiences of
food insecurity

Period

2017

2015

2010

2010

2013

2010

2015

2013

Publication

2018

2018

2013

2018

2018

2013

2016

2017

2016

Country
Spain

Germany

Greenland

England

France

France

Greece

UK

London, UK

Design

Cross
sectional

Cross
sectional

Cross
sectional

Longitu-
dinal

Cross
sectional

Cross-
sectional
analysis

Cross
sectional
(before
after)

Cross sec-
tional pilot
study

Cross
sectional

Sample

426 adolescents

217 households
with children

2254 students in
the 5th-10th grade
from Health Behav-
jour in School-aged
Children (HBSC)
survey

1104 mothers from
Born in Bradford
Study

772 homeless
families living in
facilities in Paris
from the ENFAMS
Survey

1139 households
with children
among 3006
households from
SIRS (a French ac-
ronym for “health,
inequalities and
social ruptures”)

25349
students

38 families

72 parents

Setting

Secondary
public school
in Terrassa,
Catalonia

Foodbank users
in Stuttgart,
Berlin, Karlsruh

School grades
5-10

Bradford Royal
Infirmary for
universal oral
glucose toler-
ance testing at
26-28 weeks
gestation.

Accommoda-
tion facilities in
the Paris region

Face to face
interviews at
home

162 elementary
and secondary
schools

Holiday clubs
held in schools
or church halls

UK Charity
that provides
support for de-
prived children

Location

Urban

Urban

Mixed

Mixed

Urban

Urban

Urban

Mixed

Urban

Continues

*The age of children included in the studies was ordered according to the stages of children’s development: toddlers and pre-schoolers (aged 1-5 years), children
(aged 6-11 years), and adolescents (aged 12-18 years)
SES: Socio-economic status

HFSM: Household Food Security Module
USDA: United States Department of Agriculture
FI: Food Insecurity

LFS: Low Food Security

VLFS: Very Low Food Security
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Ses

Mixed

Low

Mixed

Mixed

Very
Low

Mixed

Low

Low

Low

Children’s
age*
12to17

years (mean
13.8)

No info

Children
aged 11-17

1-4 years
old

Less than
13 years
old

Less than
18 years
old

Mean age
104

Ages 2-18

Aged 5-11
years

Tools (test/scores/ Reported
questionnaire) by

Child Food Security ~ Children
Survey Module-
Spanish version

8 questions U.S. Parents
Household food
Security Survey

Module (US HFSSM

Answers to the Children
following question:

“Some young

people go to school

or to bed hungry

because there is

not enough food at

home. How often

does this happen

to you?”

United States
Department of
Agriculture (USDA)
18-items House-
hold Food Security
Module (HFSM)

Mothers

United States
Department of
Agriculture (USDA)
18-items HFSM

Parents

United States Parents
Department of
Agriculture (USDA)

18-items HFSM

United States
Department of
Agriculture (USDA)
18-items HFSM

Parents

Six- item short Parents
adapted form of the

HFSM

18 questions Food Parents
Security Survey

Module

Prevalence

FI18.3%:
1.9% VLFS
16.4% LFS

FI 35%:
5.5% VLFS
29.5% LFS

37.7% of
boys and
26.5% of
girls

Fl: 9%

FI 43.1%:
9.8% VLFS
33.3%LFS

FI19.1%:
3.8% VLFS
5.5% LFS

64.2% of
households:
26.9% VLFS
37.3% LFS

FI 42%:
24% VLFS
18% LFS

FI 100%:
86% VLFS
14% LFS

Variables associated
with FI

/

/

Boys, younger children, com-
ing from low SES households
experienced food insecurity
more often.

Ethnicity

Residential instability, single
parenthood, having more
than three children, parents’
depressive symptoms, hous-
ing in social hostels, and dif-
ficult access to cheap or free
food were associated with
food insecurity in children

Household type, umber of
children in the household,
household head's age, socio-
occupational category and
education level, income and
neighbourhood socioeco-
nomic status were associ-
ated with food insecurity

Middle and high school chil-
dren, with higher number
of siblings, with unmarried
parents or living only with
their mother and whose
parents had lower education
level or were unemployed
experienced food insecurity
more often.

Ethnicity, unemployment,
lower income and larger
households were associated
with food insecurity

/

Health outcomes

Children experienc-

ing food insecurity

had poorer self-rated
health (OR=1.60), more
physical symptoms,

like headache, stomach
ache or backache
(OR=1.34) and more
medicine use (OR=1.79)

Food insecurity was
associated with dietary
intakes, consuming
more sugar-sweetened
beverages and savoury
snacks and less veg-
etables. Obesity was
more frequent among
food insecure children

/

*The age of children included in the studies was ordered according to the stages of children’s development: toddlers and pre-schoolers (aged 1-5 years), children
(aged 6-11 years), and adolescents (aged 12-18 years)

SES: Socio-economic status

HFSM: Household Food Security Module
USDA: United States Department of Agriculture

Fl: Food Security

LFS: Low Food Security
VLFS: Very Low Food Security
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selves, the 9-items form adapted for children was used
[21].

The only study that did not use this questionnaire,
asked the following question: “Some young people go
to school or to bed hungry because there is not enough
food at home. How often does this happen to you?”
[23].

Prevalence of food insecurity among children

Prevalence of low food security ranged from 5.5% in
a study conducted in the general population in France
[25], to 43.3% in a study conducted in homeless fami-
lies in the same country [24]. Very low food security
ranged widely from 1.9% in a study in Spain [21], to
86% in a study conducted in deprived families receiving
charity in England, UK [28]. The ranges of food insecu-
rity in total (low and very low) went from 9% in a study
conducted in the general population in England, UK
[29], to 100% in a study conducted in deprived families
receiving charity in the same country [28].

The two studies conducted in France reported a very
different prevalence of food insecurity among children;
9.1% [25] »s 43.1% [24]. Also, studies conducted in the
UK, reported high differences in prevalence values of
food insecurity, going from 9% [29] to 42% [27] and
100% [28].

In the studies conducted in households with mixed
SES, food insecurity prevalence ranged from 9% [29],
to 37.7% [23], compared to the studies conducted in
those with low or very low SES, where the prevalence
of food insecurity ranged from 35% [22] to 100% [28].

Only two studies used a short version of the HFSM
reporting food insecurity prevalence rates of 42% [27]
and 35% [22]. The five studies that used the full version
of the HFSM reported prevalence rates ranging widely
from 9% [29]-100% [28]. In the two studies where food
insecurity was reported by children themselves, preva-
lence rates were 18.3% [21] and 37.7% [23].

The study conducted in the age category 1-5 years old
reported a prevalence of 9% [29]. Food insecurity prev-
alence in the study conducted in the age category 6-11
was 100% [28], while in the age category 12-18, 18.3%
[21] and 37.7% [23]. The studies that included more
than one of these categories reported a prevalence rate
of 43.1% [24], 9.1% [25], 64.2% [26], and 42% [27].

Correlates of food insecurity

Among socio-economic correlates of food insecurity
in children there were: low income [23, 25, 27], house-
holds with single parents [24, 26], with a higher number
of children [24-26], household’s structure [25, 27], par-
ents’ occupation [25-27] and education level [25, 26],
household head’s age [25], depressive symptoms in par-
ents [24] and ethnicity [27, 29]. Among children’s char-
acteristics, younger ones [23, 26] and boys [23] were
more often experiencing food insecurity. Children living
in food insecure households had more physical symp-
toms, such as headache, stomachache or backache,
used medicines more often and had in general poorer
health [23]. They also consumed more sugar-sweetened
beverages and savory snacks and fewer vegetables and
experienced more often obesity [29].

DISCUSSION

In this review, we aimed at summarizing evidence
from European countries on the prevalence and cor-
relates of food insecurity among children in the last
10 years. Compared to other developed countries like
the USA [1] or Canada [2], where food insecurity is
monitored using the HFSM, providing accurate data
on child food insecurity prevalence and determinants,
in Europe, there is not routinely collected data on food
insecurity. Following the economic downturns in Eu-
rope, there has been a rise in food insecurity in the
population, including children [14]. But, since system-
atic national monitoring of food insecurity in Europe
does not yet exist, there is only indirect data coming
from food banks, reports published by FAO or UNI-
CEF [3, 14] and a small number of studies conducted
in a limited number of European countries. In fact, we
included in our systematic review only nine studies re-
porting the prevalence and correlates of food insecurity
among children, conducted in the UK, France, Ger-
many, Greece, Spain and Greenland. This lack of stud-
ies could be because of less recognition of the concepts
or lack of established measurements. Furthermore, the
included studies were all from western Europe (except
Greece), confirming a lack of evidence regarding this
issue in east Europe countries. A study analyzing the
trends of food insecurity in Europe after the 2008 crises
concluded that there has been an increase in food inse-
curity in the general population, with the highest overall
rates coming from eastern Europe, so studies address-
ing food insecurity among children in these countries
are warranted [30].

The included studies report worrying prevalence
rates, but, since there is no routinely collected data, we
couldn’t conclude about the trend of child food inse-
curity in Europe during the past 10 years. Prevalence
varied widely between studies. This may be attributed
to the differences in data collection and sample, geo-
graphical setting, family’s SES, the method used to as-
sess food insecurity, children’s age.

As for the geographical location, as suggested by Ber-
nell et al. [31], there’s a higher likelihood of experienc-
ing food insecurity in an urban location compared to a
rural one. In this review, most studies (67%) were con-
ducted in urban locations and the rest in mixed loca-
tions, without the possibility to stratify if it was rural or
urban. So, it was not possible to say anything conclusive
by comparing rural to urban locations. Further studies
in Europe should evaluate the association between food
insecurity and geographical location.

Half of the studies were focused on low-income
households since family’s income is most frequently
associated with household food insecurity, although
the population of poor and food insecure people over-
lap but are not identical [32]. In the USA, people
with an income below the poverty line are 3.5 times
more likely to experience food insecurity [33]. In our
review, studies that included only low-income house-
holds with children reported the highest prevalence
of food insecurity, with a range from 35% [22]-100%
[28], compared to households with mixed SES, where
prevalence ranged from 9% [29]-37.7% [23]. This im-
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plies that the family’s income remains a strong pre-
dictor of food insecurity and interventions to mitigate
this condition should focus on low-income households
with children.

In almost all studies, the tool used to assess food
insecurity was the HFSM. Short versions of this ques-
tionnaire have been validated and used, minimizing
the respondent fatigue and cost of administration [34].
One hesitation over using a shorter questionnaire, cat-
egorizing households as food insecure based on only
one affirmative response, may be the increased number
of false positives [35]. In two studies food insecurity
was reported by children, since research has shown that
children experience food insecurity more frequently
than their parents think. Nord et al. conclude that care-
givers’ reports of adolescents’ food insecurity do not
agree with adolescents’ own reports [35]. Using differ-
ent versions of the HFSM is a reason for heterogeneity
and we may have a situation of over-reporting when the
short adapted versions were used, so the comparison
was impossible.

Food insecurity is not experienced the same dur-
ing a child’s life. Some studies report that households
with more severe food insecurity are also more likely
to have older children compared to households report-
ing moderate or low food insecurity [1]. Almost half
of the studies included in this review involved children
of all ages, without the possibility to stratify for age
category, so it was not possible to conclude about this
possible association. Future studies should focus on
stratifying by age when measuring food insecurity in
children.

There are four included studies with a very high
prevalence of food insecurity among households with
children [24, 26-28], conducted in very low SES house-
holds and populations that are specifically susceptible
to food insecurity, like homeless persons or foodbank
users. One of these studies was conducted in Greece,
in a low socio-economic status population during the
economic crisis. It is known that Greece was one of the
most affected countries by the crisis, so this high preva-
lence is expected [26].

As for correlates of food insecurity, only a few stud-
ies addressed this issue, along with reporting the preva-
lence of food insecurity. Among household characteris-
tics associated to food insecurity there were low income
[23, 25, 27], households with single parents [24, 26],
with a higher number of children [24-26], household's
structure [25, 27], parents’ occupation [25-27], lower
education [25, 26], head household’s age [25], depres-
sive symptoms in parents [24]. Ethnicity, as a factor
correlated to food insecurity, was seen in only two stud-
ies [27, 29]. In a growing ethnic diversity Europe, fu-
ture studies should address this evidence gap.

Among children’s characteristics, younger ones [23,
26] and boys [23] were more often experiencing food
insecurity. Anyways, age and sex need to be further in-
vestigated as correlates of food insecurity in children,
since only two and one among the included studies, re-
spectively, had explored the possible association.

As seen, there are only a few studies reporting these
correlates and the evidence is not strong enough to

give definite conclusions as happens, for example, in
the USA or Canada where there is ample evidence
on the correlates of food insecurity in children [1, 2,
6, 36]. Knowing the populations at risk for food inse-
curity is important, to appropriately assist the more
vulnerable children and prevent the negative health
outcomes.

Only two of the studies included in the review ex-
plored the impact of food insecurity on children’s
health, reporting in general poorer health among food
insecure children. [23] There is a need for more studies
to explore the impact of food insecurity on children’s
health. Since food insecurity has long-term effects that
may be seen even after many years, longitudinal stud-
ies would be appropriate to better explore the possible
association.

This review has some limits. The included studies had,
generally, a medium quality. Some of them did not give
a good estimation of food insecurity in children since
the majority were conducted in a specific population
group, lacking representativeness and generalizability.
Hence, the need for studies that could be representa-
tive of the general population. As in all systematic re-
views, publication bias may be an issue, leading to the
loss of small unpublished studies.

On the other hand, we used a comprehensive and rig-
orous methodological approach to identify every pos-
sible study reporting the prevalence of food insecurity
among children living in Europe. To our knowledge,
this is the first review reporting prevalence data of chil-
dren living in food insecure households in Europe. It
includes data from high-income countries and comes at
a moment when food insecurity is considered a public
health issue. The fact that countries with the same SES
were considered is another strong point accounting for
lack of heterogeneity regarding this aspect.

Implications for public bealth and policymakers

There is a need for evidence and increased attention
towards this public health issue in Europe. Because of
this lack of evidence, the establishment of a monitoring
system of food insecurity becomes a priority for food
and nutrition policies. We recommend monitoring the
situation by annual surveys and conducting research
regarding who and why certain groups are affected.
Longitudinal studies are needed to explore the impacts
of food insecurity on children’s health. More studies
should focus on the stress pathway of food insecurity,
and not only the nutrition one, as well as assess the re-
lationship between food insecurity, nutrition insecurity
and food safety. Achieving food security means design-
ing targeted policies and interventions, both at a nation-
al and EU level. Policymakers and governments should
make the appropriate efforts to deliver food security as
a public good. Considering the high prevalence of food
insecurity among children in Europe and the impact it
has on their health, this systematic review could serve as
a starting point for framing guidelines on screening for
food insecurity among children.
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Abstract

Introduction. This work evaluated the impact of a nutrition intervention in school chil-
dren of 6th and 7th grade and assessed whether changes persisted after the summer
break.

Materials and methods. Eight classes of Hungarian adolescents (45% boys; 12.6 = 0.1
years) were randomized into intervention (n = 117) and control (n = 112) groups. The
9-month long intervention included: 1) weekly classroom-based education with strong
focus on practical elements such as tasting and meal preparation; 2) five sessions of after-
school cooking classes (open to children, parents and grandparents); and 3) online edu-
cation materials. Anthropometric parameters (weight, height, waist circumference and
body fat), aerobic fitness (Cooper test, 20-meter shuttle run test), nutrition knowledge
and behaviors (questionnaires) were measured three times at baseline, post-intervention
and after the summer holiday.

Results. Slight improvement in dietary knowledge and habits from baseline to post-in-
tervention which did not persist after summer. Aerobic fitness increased in the interven-
tion group, while did not change among controls. Anthropometric parameters remained
unchanged in the intervention group, but waist circumference increased in controls, par-
ticularly in summer.

Conclusions. Findings suggest a positive impact of this intervention. Measures to miti-
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gate unhealthy changes during the summer break are needed.

INTRODUCTION

Publications on malnutrition in the form of obesity
and nutrient deficiency presented alarming figures both
for European adults [1, 2] and children [3, 4]. Similarly
to other parts of Europe, Hungary has a high rate of
child obesity [5]. Compliance with dietary recommen-
dations is also poor [6]; and low level of physical activity
and aerobic fitness is highly presented, particularly in
older age groups (NETFIT).

Because of their current and lifetime impact, these risk
factors need to be addressed via a range of approaches
from individual to environmental interventions [7-9].
Among environmental settings, school has a unique role
and huge potential to reach out a large number of chil-
dren and to promote healthy behaviors [10]. In Hun-
gary, a number of regulations have been introduced in
the last ten years aiming to create an enabling school
environment [11]. Three mandatory regulations apply
nationwide: the introduction of daily physical education
(PE). classes in the academic year of 2012/2013 in a
step-up implementation system, the national standards
for public catering which came into force in 2015 and
the prohibition of selling of those foods and drinks in

schools that are subject to the Public Health Product
Tax. Besides, within the framework of the EU School
Fruit, Vegetables and Milk Scheme students from 2157
primary schools (90% of all schools) get fresh fruit and
vegetable daily [12]. Finally, since the academic year of
2016/2017, the education on biology and health includ-
ing lessons on healthy diet and nutrition was also intro-
duced from grade 7th on a stepwise manner.

Adolescence, defined as the transitional phase be-
tween childhood and adulthood, is one of the critical in-
tervention periods. This is the time when young people
begin to make their own choices and decisions related
to their diet and health, as well as to establish lifestyle
habits that will carry over into adulthood [9]. Besides,
the prevalence of overweight and obesity as well as life-
style-related risk factors are high at this age [6].

Recent evidence shows that school-based education
interventions have the potential to improve children’s
weight status, knowledge and lifestyles if running for a
sufficient duration and targeting also the family mem-
bers[13]. However, only limited information is available
to understand whether these programs can increase car-
diovascular fitness and whether the improvements last
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after the summer holiday. This study therefore aimed to
develop a whole-year school-based nutrition interven-
tion for adolescents with an emphasis on practical edu-
cation, active participation and family involvement, and
to evaluate its effects on participants’ dietary knowledge
and behavior, as well as on weight status and aerobic fit-
ness using an intervention-control study design. Know-
ing that inadequate intake of nutrients and calories can
impair exercise performance [14]; in the present work it
was hypothesized that improving diet quality in adoles-
cents would possibly increase their aerobic capacity. The
secondary objective was to study whether these changes
would persist after the summer holiday.

MATERIALS AND METHODS
Study population and recruitment strategies

Budaors is a town in Pest county with a total popula-
tion of 28 394 inhabitants. It is one of the most devel-
oped towns in Hungary, with four state-owned primary
schools. For the purpose of this study, two primary
schools were enrolled. Participating schools had simi-
lar socio-demographic characteristics. One had a total
of 808 students from grade 1st to 8th; with an aver-
age classroom size of 30 students. The other school was
smaller with a total number of 463 students, and with
an average classroom size of 26 pupils.

From the two enrolled schools, a total of eight classes
were selected from grade 6th and 7th (two 6th and two
7th grade classes from each school). Classes in each
grade were then randomized into intervention or con-
trol groups.

Recruitment of the study population took place in
September 2015 during the registration period. Parents
were contacted and informed about the purpose and
processes of the study during the first parents’ meet-
ing of the academic year. All parents agreed to partici-
pate in the study and were contacted for completing
the baseline parental questionnaire. All study partici-
pants gave their informed consent for inclusion before
participating in the study. The work was conducted in
accordance with the Declaration of Helsinki, and the
protocol was approved by the Scientific and Research
Ethics Committee of the Medical Research Council
(8776-1/2016/EKU).

Description of the intervention

The intervention included three main components:
1. weekly classroom-based education (25 to 45 minutes
long); 2. five sessions of after-school cooking classes
(open to the entire family); and 3. online education ma-
terials distributed via e-mails and social media. Children
in grades 6 and 7 within the intervention classes received
the combination of all components, whereas children in
the control classes continued their usual curriculum.

The weekly classroom-based education developed in
this study included both theoretical and practical parts
and were led by the same trained dietician in each in-
tervention class. A total of 27 interactive sessions were
delivered over the period of 9 months. Sessions started
with the theoretical part followed by a tasting or meal
preparation activity. During the first academic semester
tasted foods were prepared by the dietician in advance.

Meanwhile, in the second semester, children prepared
the foods in the schools’ small kitchen unit as part of the
session with the help of the dietician. Topics covered
within the education sessions included the principles
of healthy nutrition, relation between nutrition and
health, the role of different nutrients, importance of dif-
ferent meals (i.e. breakfast, lunch, dinner and snacks),
healthy snacking, role and recommended amount of
different food groups, labelling, and healthy party tips.
Games and tasting were incorporated to reinforce main
messages of each session. Detailed description of each
session is presented as a supplementary file.

After-school cooking classes were offered five times
in the second semester and were attended by children,
parents and grandparents. They aimed on one hand to
educate caregivers, but also to increase the involvement
of children in meal preparation and cooking. Similarly
to classroom-based activities, these sessions had both
theoretical and practical parts, but here more emphasis
was put on practice. Activities were organized in the
schools” small kitchen unit and typically lasted 1 or 2
hours. Sessions addressed the following questions and
topics: “How to make kids eat fruits and vegetables? (2 ses-
sions)”, “How to reduce dietary risk factors?”, “The impor-
tance of breakfast” and “How to reduce added sugar?” (see
Supplementary Material available online).

Recipes posted on Facebook or sent via e-mail com-
pleted the intervention and strengthened its family-in-
volvement component.

Data collection procedures

Information on students’ age, gender, dietary knowl-
edge and behavior were collected by a 29-item question-
naire. Children completed the questionnaire with the
assistance of a trained field worker in their classroom. In
the present paper we analyzed the following parts of the
questionnaire: 1) age and gender; 2) nutrition knowl-
edge section (6 questions) which covered the areas of
healthy nutrition in general, recommended amount of
fruits and vegetables, recommended fluid intake, en-
ergy drinks and sugary drinks; and 3) dietary behaviour
section (10 questions) which assessed the frequency of
breakfast skipping, number of meals, frequency of eat-
ing fast food, daily fluid intake, as well as the frequen-
cy of dairy products, fruits, vegetables, sweets, energy
drinks and sugary drinks consumption. For the purpose
of the current paper, nutrition knowledge and dietary
behaviour questions were separately analyzed. Each cor-
rect answer for the nutrition knowledge questions was
allocated a score of 1 point; all others received 0. The to-
tal knowledge score ranged between 0 and 6 points with
higher scores indicating a better nutrition knowledge.
For the dietary behaviour questions, favorable options
were scored as 1 point and others got 0. Thus, the total
behavior score ranged from 0 to 10 points with a higher
score reflecting healthier dietary behaviour,

Anthropometric measurements of children (weight,
height, waist circumference, fat mass) were obtained
using standard protocols and equipments by a trained
dietician with the support of the physical education
teachers. Children’s verbal permission was requested
before taking the measurements. Weight was measured
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to the nearest 0.1 kg in light indoor clothing with bare
feet, using portable digital calibrated scales (OMRON
BF 511) and height was measured standing upright,
without shoes, to the nearest 0.1 cm using a 2M wall-
mounted stadiometer roll-up height measurer. Fat mass
was estimated by using the same equipments as for the
weight measurements (OMRON BF 511). These scales
use 8-sensor single-frequency bioelectrical impedance
analysis technology and offering hand-to-foot measure-
ments to improve accuracy [15]. A non-stretchable
measuring tape (Seca 201) was used to measure waist
circumference of children above the iliac crest to the
nearest 0.1 cm, with the subject standing and after
normal expiration[16]. Anthropometric measurements
were taken only once for each child.

Physical fitness assessments followed the Hungarian
National Student Fitness Test (NETFIT) protocol [17],
which now serves as a compulsory fitness assessment for
all Hungarian schools. NETFIT test has four parts: 1)
body composition and weight status incl. weight, height
and body composition measurements; 2) aerobic fitness
incl. 20-meter shuttle run test [18]; 3) muscle strength
and endurance incl. paced curl-up, trunk lift, paced
push-up, handgrip strength and standing long jump
tests; and 4) flexibility incl. back-saver sit-and-reach
test. Evaluation is based on health-related, criterion-
referenced youth fitness standards. In the present study,
the NETFIT protocol was completed with a Cooper test
which was designed to measure aerobic fitness [19].
The results of this 12 minutes long running test can be
correlated with VO, max values. The longer distance is
covered in 12 minutes the higher is the estimated VO,
max value, and therefore higher is the estimated aerobic
capacity. So, both in Cooper and in 20 meters shuttle
run tests higher values indicating a better fitness status.

Data analysis

All data was processed anonymously. EpiData Entry
3.1 software was used for data entry, which included
built-in range (e.g. outliers, out of range values) and
consistency checks for validation. In order to get the
exact age of each child, the birth date was subtracted
from the measurement date then variables with age in
years were created. Body mass index (BMI) (kg/m?) was
calculated by dividing the weight (kg) over the height
squared (m2). Children were classified as underweight,
normal weight, overweight or obese based on the age-
and gender-specific IOTF cut-offs [20]. Descriptive
statistics were performed and presented as means and
standard error (SE) for continuous variables and as fre-
quencies and proportions for categorical variables. At
baseline, between-group differences (i.e. intervention
versus control groups) in age, anthropometric charac-
teristics, knowledge and behaviour scores and fitness
status of participants were assessed using Student’s
t-test. For categorical variables chi-square tests were
applied. Paired t-tests were used to compare indepen-
dently the differences between baseline, post-interven-
tion and follow up within each of the intervention and
control groups (within-group differences). In addition,
between-group differences (intervention s control
groups) in mean changes were evaluated using Student’s

t-tests. As gender distribution was significantly different
at baseline between the intervention and control groups,
generalized linear regression analyses were conducted to
test the effect of gender on mean changes in anthropo-
metric parameters, nutrition knowledge score, dietary
habits score and in aerobic fitness status. We also tested
whether our conclusions were biased by an interaction
between gender and group status (i.e. intervention or
control), but no interaction was identified. A p-value of
< 0.05 was considered statistically significant.

RESULTS

Data were collected at baseline from 232 children,
226 children completed the post-intervention tests
(97.4%) and 203 participated in the follow-up evalua-
tion (87.5%) (Figure 1). At the end, three children were
excluded from the analysis due to the large number of
missing data, so the current analysis is based on the
data of 229 children.

At baseline, mean age of all enrolled children was
12.6 + 0.1 years and gender distribution was slightly
unequal (44.5% boys and 55.5% girls). Significant dif-
ferences were observed between the intervention and
control group at baseline (p = 0.003) in gender distri-
bution (i.e. lower proportion of boys in the interven-
tion group), BMI (i.e. slightly higher mean BMI in the
intervention group), number of children with obesity
(i.e. higher proportion in the intervention group) and
aerobic fitness status (i.e. lower aerobic fitness in the
intervention group). However, age, waist circumfer-
ence, fat mass, nutrition knowledge score and dietary
habits score did not differ significantly between the two
groups (Table 1).

Table 2 presents between-group differences (interven-
tion vs control) with respect to mean change from base-
line to post-intervention and from baseline to follow-up
in anthropometric parameters, nutrition knowledge and
dietary habits scores as well as in aerobic fitness tests.
No significant changes in BMI, waist circumference or
fat mass were noted in the intervention group, while
waist circumference increased in the control group from
baseline to follow-up (67.5 + 1.0 cmvs 72.8 + 1.0 cm, p <
0.001). The number of children with obesity decreased
from 8 to 7 in the intervention group, while increased
from 2 to 7 among the control children from baseline
to post-intervention. By the end of the summer break,
there were 6 children with obesity in both groups. The
nutrition knowledge score slightly decreased in the con-
trol group, but an increase was observed in the inter-
vention group from baseline to post-intervention (3.79
+ 0.1 point »s 4.14 + 0.1 point, p = 0.04). However, the
score decreased back to baseline level by the time of the
follow-up. Similarly, there was a small increase in the di-
etary habits score in the intervention group from base-
line to post-intervention (4.35 + 0.2 point vs 4.5 + 0.2;
p = 0.02). However, the favorable change did not per-
sist after the summer holiday. In contrast, in the control
group the score decreased from baseline to post-inter-
vention and remained low by the time of the follow-up.
Aerobic fitness improved significantly from baseline to
post-intervention in the intervention group (Cooper test:
2020.3 = 39.9 mvs 2256.3 + 39 m, p < 0.001 and 20-me-
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Enrolled
n = 8 classes
(232 students)

Excluded (3 students)

Whole academic yea
nutrition intervention
n =4 classes
(117 students)

Intervention group

(116 students)

Intervention group

n =4 classes
(108 students)

Randomization of classes

Baseline survey

Post-intervention
n =4 classes survey

Post-summer break
survey n =4 classes

Control group

n =4 classes
(112 students)

Control group

n =4 classes
(110 students)

Control group

(95 students)

Figure 1

Total number of classes and participants in the intervention and control groups at the time of the three assessments (i.e. at base-

line, post-intervention and after the summer break).

;:'sae!ﬁr:e characteristics of intervention and control children participated in the school-based nutrition intervention in Budaors

n=229)
Dependent variables Intervention group Control group p-value

(n=117) (n=112)

Boys-girls, n (%) 41-76 (35-65%) 61-51 (54.5-45.5%) 0.003
Age (years) 125 +0.1 126+ 0.1 0.572
Weight (kg) 51712 496+ 1.1 0.179
Height (cm) 1589+ 0.8 159.7 £ 0.7 0.386
BMI (kg/m?) 204 +04% 19.3 £0.3** 0.037
Weight status — overweight, n (%) 21 (18.4%)* 22 (20.6%)** 0613
Weight status — obese, n (%) 8 (7%)* 2 (1.99%)** 0.073
Waist circumference (cm) 68.2+09 67.5+ 1.0 0.645
Fat mass (%) 204+09 183+0.7 0.063
Nutrition knowledge score? 38+0.1 39+0.1 0479
Dietary habits score® 46+02 42+02 0.140
Cooper test (m) 20203 +£399 21341 +412 0.048
20-m shuttle run test 371£15 41.7+17 0.046

Unless other is noted, numbers are means + standard errors (SE). Clustered independent t-tests were used to compare continouos variables and chi-square tests
were applied for categorical variables. BMI, body mass index. *n = 114. **n = 105. #Total score ranged from 0 to 6. STotal score ranged from 0 to 10.

ter shuttle run test: 37.1 + 1.5 vs 43.4 + 1.6, p = 0.004).
There was inconsistency between the Cooper and the
20-meter shuttle run test results from post-intervention
to follow up as mean Cooper test result decreased but
20-meter shuttle run test result increased (Cooper test:
2173.6 + 41.9 m, 20-meter shuttle run test: 45.9 = 1.9).
Significant changes were not observed in aerobic fitness
in the control group.

To study whether these changes were the results of

the unbalanced gender distribution between the two
groups or can be considered as intervention effects we
made a gender adjusted regression analysis (Table 3).
Changes in nutrition knowledge score, dietary habits
score and in Cooper test from baseline to post-inter-
vention remained significant after adjusted for gender.
Besides, after adjusting for gender, changes in waist cir-
cumference and 20-m shuttle run test achieved statisti-
cal significance from baseline to follow-up.
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Table 2

Between-group differences (intervention vs control) in mean change of anthropometric parameters, nutrition knowledge score,
dietary habits score and aerobic fitness status of study participants (n = 229)

Dependent variables From baseline to post-

intervention

Intervention Control
Weight (kg) 27+03 36+03
Height (cm) 26+02 28+02
BMI (kg/m?) 04=£0.1 0.7 +£0.1
Waist circumference (cm) 1.1+05 22+04
Fat mass (%) 09+05 04+04
Nutrition knowledge score 03+02 -03£0.2
Dietary habits score 02+02 -06+02
Cooper test (m) 236.2+283 228+317
20-m shuttle run test 55+09 39+ 1.1

Numbers are means + standard errors (SE). BMI, body mass index.

Table 3

p-value From baseline to follow-up p-value
Intervention Control
0.039 46+04 54+04 0.166
0487 47+03 55+04 0.097
0.083 06+0.1 0.7+0.2 0.560
0.084 1.8£05 65+0.7 0.000
0.385 0405 -003£06 0.556
0.004 -0.1+0.2 -05+02 0.136
0.021 -05+02 -08+0.2 0.271
0.000 138.8 =39 136.6 £48.3 0.972
0.270 84+13 27£15 0.005

Results of gender adjusted regression analysis based on general lineal model for two kinds of time interval: from baseline to post-
intervention and from baseline to follow-up. Intervention coefficient shows difference of change regarding the intervention group

compare to the control group

Dependent variables

From baseline to post-intervention

From baseline to follow-up

Intervention SE
coefficient
Weight (kg) -0.694 0418
Height (cm) -0.016 0.280
BMI (kg/m?) -0.271 0.164
Waist circumference (cm) -1.012 0.668
Fat mass (%) 0.207 0.600
Nutrition knowledge score 0.723 0.237
Dietary habits score 0.713 0318
Cooper test (m) 215.07 43.17
20-m shuttle run test 1.858 1.490

p-value Intervention SE p-value
coefficient
0.097 -0.325 0.520 0.532
0.954 -0.218 0.397 0.582
0.099 -0.103 0.204 0.615
0.130 -4.541 0.811 0.000
0.730 -0.204 0.741 0.783
0.002 0487 0.272 0.085
0.025 0453 0313 0.148
0.000 -3.832 62.490 0.951
0212 5.679 2.035 0.005

DISCUSSION

This work evaluated the impact of a whole school year
nutrition intervention on nutrition knowledge, dietary
behavior as well as on nutritional and fitness status in
Hungarian adolescents. Findings suggest small benefi-
cial changes in dietary knowledge and habits from base-
line to post-intervention, which could not be sustained
by the end of the summer holiday. In contrast, signifi-
cant improvements were noted in aerobic fitness in the
intervention group which could be detected even at the
follow-up. Finally, an increase was found in waist cir-
cumference and number of children with obesity in the
control group while these parameters did not change
among the intervention group participants.

Increasing knowledge by nutrition education is
thought to be an effective measure for establishing
healthy dietary habits throughout the lifespan [21]. At
baseline, the average nutrition knowledge score both in
the intervention and control groups was around 3.8 out
of 6. Given that the six questions were simple and basic;

this is relatively low. Nutrition knowledge of adolescents
is often inadequate [22, 23] which is an issue as without
sufficient knowledge of this subject they cannot under-
stand the impact of their choices on overall health. This
poor knowledge was reflected in the low dietary habit
scores. The association between dietary knowledge and
behavior is well known and provides the theoretical ba-
sis for nutrition education interventions [21]. In the pre-
sented work we were able to slightly increase knowledge
and improve dietary habits in the intervention group by
the end of the 9-month program, while we detected a
mild decrease both in knowledge and behavior among
the control group for this period. However, these benefi-
cial effects could not be maintained during the summer
holiday. These intervention effects on dietary knowledge
and habits are consistent with the results of previous
nutrition education interventions implemented in the
school setting among adolescents [24-27], however only
two of these studies included a follow up [26, 27]; and
none of the works included explicit post-summer holi-
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day assessments. Public health professionals all over the
world are continuously working on improving children’s
diet. Despite the field’s best efforts, not much progress
has been made on this area[2]. One reason for this fail-
ure may be that health promotion and disease preven-
tion programs, like ours, are mainly delivered during the
academic period and much less activities are happen-
ing during the summer break. To move forward, public
health professionals should develop strategies to miti-
gate unhealthy changes during summer.

Schools are the most important locations for imple-
menting nutrition related educational programs among
children and adolescents[28]. However, the evidence on
the effective elements of these interventions on dietary
habits is inconsistent [29]. Whole academic year dura-
tion, strong focus on practical education and involve-
ment of parents and grandparents are those elements
that we consider as the most effective ingredients of this
program. Other studies also reinforced the importance
of building partnerships with parents to complement
school-based education programs [30]. In the current
work we offered after school cooking lessons for the en-
tire family including children, parents and grandparents.
Although participation rate was low, those who attended
the extra classes found it very useful. Online education
materials and recipes have also targeted the parents. Be-
side family involvement, practical hands-on experience
seems to be also essential for realizing positive behav-
ioral changes in youth [28, 31]. Strategies suggested by
adolescents to support healthy diet are, among others,
greater cooking involvement, adolescent-specific recipe
books and greater parental and peers support [29]. Con-
sequently, the program described here put high empha-
size on adding practical elements to every classes. An
experimental approach was chosen to provide opportu-
nities to learn about and become familiar with a variety
of minimal processed foods. Tasting new foods or ingre-
dients, developing skills in food preparation and making
it an enjoyable activity were also considered as key strat-
egies in our study. Few previous interventions have in-
cluded cooking classes to improve diets in adolescents.
For example, in a recent review, only two interventions
involved both nutrition education and cooking classes,
while only other two included tasting sessions parallel
with cooking [32]. Cooking should be re-integrated into
the academic curriculum as a compulsory component.
Particularly, as lack of cooking skills is one of the most
commonly mentioned barriers by adolescents to prepar-
ing food at home [33], and consequently they turn more
often to less healthy options such as convenience foods
or eating out [34].

The association between athletic performance and nu-
trition is well-known from the literature [35]. Although
one’s fitness level cannot be increased simple by eating
better, unhealthy nutrition can be a limiting factor for
performance and recovery [35]. Therefore, in this study
we hypothesized that if we improve adolescents’ dietary
habits it may influence their aerobic capacity. So far, only
few publications focused on the relationship between diet
and physical fitness in children. Chung and colleagues
emphasized the benefits of balanced diet on fitness levels
in 6-12 years old children[36]. However, authors noted

that beyond diet there are several other factors that af-
fect physical fitness level. As for interventions, according
to our knowledge, no other studies assessed the effects of
a program with only nutrition-focused activities on physi-
cal fitness in children. Da Silva et al. performed a study in
Brazilian school children and found a marked improve-
ment in fitness, however the intervention included struc-
tured physical activities together with the nutritional
education element [37]. In this study, the results showed
significant improvements in aerobic fitness tests in the
intervention group both from baseline to post-interven-
tion and from baseline to follow-up, while no significant
changes were noted in the control group. Due to the lack
of data in the literature, it was not possible to compare
these findings with other results.

One the other hand, the average of BMI, waist cir-
cumference and fat mass did not change in the inter-
vention group; whereas in the control group there was a
mean increment of 6.5 cm in waist circumference (p <
0.001) at the time of the follow-up. Other school-based
nutrition education studies conducted in adolescents
have shown mixed results with respect to anthropomet-
ric outcomes [24, 25]. Differences in results between
studies can be attributed to a number of factors, such
as differences in intervention elements or variations in
participants’ baseline characteristics. The increase in
mean waist circumference in the control group is re-
markable and deserves some thoughts. Adolescence
can be considered a critical time for the onset of obesity
[38]. Waist circumference has been considered as an
important data for visceral fat accumulation, however
assessment should be performed in adolescents accord-
ing to their pubertal staging, since changes are strongly
influenced by sexual maturation [39]. In our study, we
did not collect data on pubertal stage thus this analysis
could not be performed. But we assumed that sexual
maturation could explain this sudden increase.

Our study has some limitations that warrant consid-
erations. The gender difference at baseline between the
intervention and control groups could led to a selection
bias. Sex differences in body composition (i.e. fat and
muscle mass) as well as in aerobic capacity is well known
from the literature [40, 41]. These differences are more
remarkable during adolescents than in children due to
the impact of sex specific hormones. Given that in our
study the intervention group had higher mean BMI and
lower aerobic fitness at baseline, the beneficial effects of
the intervention on these parameters can be considered
as more significant. Second, as only limited number of
completed parental questionnaire were sent back to the
research group we were not able to properly analyze
and present these results. Parental nutrition knowledge
and dietary habits have strong impact on the diet of
their offspring [42, 43]. Therefore, it would have been
better if we would be able to capture beneficial changes
among the participants’ parents. Third, dietary habits,
one of the most important outcome of our work, were
self-reported and therefore are subject to recall bias.
However, currently questionnaire based surveys are still
the most frequently used instruments to evaluate di-
etary habits[44], so we were not in a position to deliver
objectively measured data in this regard. Finally, the
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intervention in its current form is quite labour and re-
source intense which diminishes its potential to transfer
the work for a different target group in other context.
However, some elements needed less resources such
as the distribution of the online educational materials;
while others, like the developed education material,
could be built into the regular school curriculum after
slight modification to reduce the costs. The curriculum
of the current nutrition intervention can also comple-
ment the national implementation of the EU School
Fruit, Vegetables and Milk Scheme in which funding is
available for educational measures [12]. Despite these
limitations, this study certainly provides tools to include
in future works in this area.

CONCLUSIONS

This work evaluated the impact of a whole school year
nutrition intervention in Hungarian adolescents. Small
beneficial changes in dietary knowledge and habits from
baseline to post-intervention were observed which did
not persist by the end of the summer holiday. In addi-
tion, remarkable increase was found in waist circumfer-
ence and number of children with obesity in the control
group during summer. These findings have important
implications for practice as weight gain and unhealthy
lifestyle changes during summer can undermine the ben-
eficial effects of school-based interventions. Moving for-
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Abstract

Introduction. 22q11.2 microdeletion syndrome (22q11DS) is associated with a 25% risk
of psychotic onset.

Materials and methods. The sample consist of 120 subjects: 39 schizophrenics (SCZ);
20 siblings of schizophrenic patients (SIB); 34 22q11DS non-psychotic patients (DEL);
17 22q11DS psychotic patients (DEL_scz); 30 control subjects (CS). Social cognition
was evaluated with the awareness of social interference test. Intelligence Quotient (IQ)
was calculated with Wechsler Adult Intelligence Scale. TASIT (Awareness of Social Infer-
ence Test) performance was analyzed via MANOVA, including IQ as covariate.
Results. Group and I1Q showed significant effect (p < 0.001; p = 0.037). The only TASIT
variables where IQ showed no effect were paradoxical sarcasm; sincerity; lie. In sincerity,
CS group shows a better performance than both 22q11DS groups (p < 0.05). In para-
doxical sarcasm and lie, CS group performed better than each clinical group (p < 0.05).
Regarding lie, DEL group was worst also respect to SCZ group (p = 0.029).
Conclusions. Our results show a specific social cognition deficit in 22q11DS and schizo-
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22q11 deletion syndrome
social cognition
psychosis

phrenia.

INTRODUCTION

22q11.2 deletion syndrome, also known as velo-
cardiofacial syndrome or DiGeorge syndrome, is the
most common microdeletion in humans. This autoso-
mal dominant deletion determines a syndrome which
is expressed in 1:4000 live birth [1]. It has a 100% of
penetrance but the phenotipic expression is highly
variable. Indeed, with 180 characteristics associated,
the syndrome is one of the most protean. Some of the
most common manifestations of the 22q11DS are: fa-
cial dysmorphias, cardiovascular congenital abnormali-
ties, palatal defects, thymus hypoplasia with primary
immunodeficiency, ipoparathyroidism [2]. Organs and
tissues affected have all origin during embryo develop-
ment from neural crest cells [3]. The microdeletion of
the band 11.2 in the chromosome 22, according to lit-
erature, gives a 25% risk of developing a psychotic disor-
der [4]. More recently, the prevalence of schizophrenia
spectrum disorders in 22q11DS has been attested from
23% to 43%, depending on the study. In this deletion syn-
drome neurobiological factors seem to play a key role in

determining psychosis onset, while other triggers, which
have a prominent role in idiopathic schizophrenia, have
in this case a minor part. Recognizing those factors in a
simplified model of schizophrenia, respect to the com-
plex multifactorial model of the disorder in the general
population appears as a needful opportunity. During the
last decade 22q11.2 deletion syndrome (22q11DS) has
been studied as the best genetic and biological model of
vulnerability to schizophrenia, which provides a unique
method to unveil the etiopathogenesis of psychosis and
to arrange new strategies of prevention. The first clinical
documentation of the syndrome dates back to 1978 [2],
but it is only from 1992, when the first report on psychi-
atric manifestations associated was published, that the
attention of research is focused on cognitive and behav-
ioural phenotypic aspects [5]. Studies on animal models
showed that many of the deleted genes in 22q11DS are
physiologically expressed during the cerebral develop-
ment and are responsible for a correct neurogenesis.
The abnormal brain maturation consequent to the aplo-
deficiency of those genes may be the biological cause of
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the behavioural, neurocognitive and psychopathological
phenotype expressed [6, 7]. The neurocognitive profile
has been well-defined and it appears highly variable both
inter-individuals than during the life of a single subject.
During infancy, motor delay and language difficulties
are commonly observed [8]. In the school age learning
disabilities are frequent. The cognitive functions more
often compromised are mathematical reasoning [9] and
visuo-spatial abilities [ 10]; attention, executive functions
and working memory deficits have been frequently re-
ported [11]. Most of the patients has a borderline cogni-
tive delay (IQ from 70 to 84), while only one third has a
moderate mental retardation [12]. Temperamental and
behavioral typical aspects are social difficulties, impul-
siveness or shyness [8]. Also the psychiatric phenotype
of the syndrome has been now clearly described [13];
individuals have significantly higher incidence rate com-
pared to general population for several mental disorders
[14]. Previous studies indicated that up to one third of
adolescent/young adults develops a schizophrenic or
schizoaffective disorder [14].

Schizophrenia is considered the most severe of all
psychiatric pathologies, occurring in 1% of the general
population. It has a multifactorial pathogenesis. The
genetic component is of evident importance: the risk of
illness with a schizophrenic sibling is 8.5%, 13.8% with
a parent and 36.6% when both parents are affected. The
concordance rate in twins is 57.7% for the homozygous
and 5.6% to 12% for the dizygotic. In second grade rel-
atives of schizophrenics, the percentages are referred
to range from 2% to 2.8% [15]. It is relevant that in
22q11DS psychotic symptoms and correlated manifes-
tations, included neurocognitive profile, are not differ-
ent from schizophrenia characteristics in general popu-
lation: studies didn’t find any difference in onset age,
positive or negative symptoms and global functioning
[16, 4]. It has been estimated that deletion 22q11.2 is
responsible for 0.75% of schizophrenia cases in the gen-
eral population [4]. However, mutations or polymor-
phisms in genes which map in the 11.2 band of chro-
mosome 22 could contribute more widely to determine
vulnerability to schizophrenia in general population.

Patients with 22q11 deletion syndrome (22q11DS)
offers a homogeneous population with a genetic risk
of schizophrenia whose study could help in identifying
schizophrenia endophenotypes with better accuracy
and validity. The deleted region could permit to detect
the genes that might be involved in the neurodevelop-
mental and functional alterations that are risk factors
for schizophrenia. Amongst the genes of the deleted
region, several have been identified, some of which
are present in a mutated form also in patients affected
with schizophrenia. Reticulon 4 Receptor (RTN4R) en-
codes for a protein which inhibits axonal sprouting and
is involved in neuronal plasticity [17, 18]. DiGeorge
Critical Region gene 8 (DGCRS) it’s a gene involved
in regulating the genetic transcription through miRNA.
DGCRS deficiencies can cause alterations in the mor-
phology of synapses in the prefrontal cortex [19], hip-
pocampus [20], thalamocortical pathway [21, 22] and
throughout the connections between the lateral thala-
mus and the amygdala [23]. Proline dehydrogenase 1

(PRODH) and catechol-O-methyltransferase (COMT)
are enzyme-encoding genes involved with the metabo-
lism of neurotransmitters [24]; in both cases the enzy-
matic deficiency leads to an increase in dopaminergic
transmission. PRODH causes an indirect increase of
dopamine as compensatory mechanism to glutamate
deficiency, normally produced by proline metabolism
[25]. COMT on the other hand is directly involved
with biogenic amine degradation including dopamine.
PRODH and COMT mutations have been correlated
to the development of schizophrenia not linked to Di-
George Syndrome. The reduced expression of these
genes is also associated with negative symptoms and
social withdrawal in schizophrenia [26].

Social cognition deficits are a well-known cognitive
characteristic of schizophrenia and it is well established
that social dysfunction is also a common feature of the
22q11DS profile [8]. Social cognition consists of a wide
spectrum of functions that control social interactions
with other people; it is the result of a set of mental op-
erations organized in domains, Theory of Mind being
the main one (ToM), which is the ability to comprehend
other people’s mental functions through deducing their
states of mind [27]. Bora et al. found very interesting
data through meta-analysis on the studies that inquired
into the performance task on ToM in subjects at their
first psychotic episode, high clinical risk and high genetic
risk [28]. Results show a deficiency comparable to those
of chronic patients for the first group, while the perfor-
mance across the other two groups was intermediate be-
tween sanity tests and patients at their first episode. The
other components of the social cognition construct are:
social perception and social knowledge, as the abilities to
understand society rules and roles and the nature of re-
lationships between people and of goals that guide social
interactions; attributional bias, or how people deduce
the reasons of others’ actions; emotional processing, as
the way people recognize emotions. It has been observed
that social cognition, usually considered as a whole, has
an important role in quality of life in schizophrenia pa-
tients [29]. The Italian Network for Research on Psy-
choses [30] found through a network analysis that social
cognition deficits are most of the core of schizophrenia,
more than positive, negative, and disorganization symp-
toms. These results highlight the importance of social
cognition interventions, such as social skills training, to
improve outcome of schizophrenia patients.

The paradigm of social cognition has become ever
more studying in 22q11DS [31]. Weinberger et al. [32]
found more severe deficits in social cognition in psy-
chotic respect to non-psychotic subjects. Jalbrzikowski
et al. [33] observed a correlation between ToM and
positive symptoms. However executive functions and
global intellectual functioning could have an important
role in social cognition deficit; it has been demonstrated
that a basic dysfunction that implies a global intellectu-
al and executive deficit, lead to a weak social cognition
[34]. Several findings connected neurocognition and
social cognition of 22q11.2 DS schizophrenic patients
[31]. Facial emotion recognition deficit, apparently due
to altered visual processing in 22q11DS have a key role
in impaired social cognition as well [31].
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The aim of the present study is to investigate social
cognition deficit in an adult sample of 22q11DS pa-
tients, for the first time in literature comparing directly
to schizophrenic patients and their siblings, in order to
evaluate the role of this cognitive deficit in the genetic
vulnerability to psychosis. Our aim is also to disentan-
gle neurocognition deficit from social cognition perfor-
mance, evaluating the sample also in general intelligence.

MATERIALS AND METHODS

Our sample consists of 140 subjects, consecutively
enrolled in Policlinico Umberto 1, Sapienza University
of Rome, divided in 5 groups: schizophrenic patients
negative for 22q11DS (SCZ, N = 20); siblings of schizo-
phrenic patients (SIB, N = 20); 22q11DS subjects with
no diagnosis of psychosis (DEL, N = 34); 22q11DS pa-
tients with diagnosis of psychotic disorder (DEL_scz,
N = 17); control subjects (CS, N = 30). Patients were
clinically monitored at our outpatients’ services special-
ised in psychotic disorders and psychiatry disorders in
22q11DS. Healthy controls joined the study through
word of mouth. All subjects signed an informed consent
approved by Policlinico Umberto I Ethical Committee
(Rome, Italy). Data from SCZ and SIB groups were also
used in an Italian multicentric study conducted by Ital-
ian Network for Research on Psychoses. Diagnosis of
psychotic disorder was made employing the structured
clinical interview for DSM-IV - patient version (SCID-
I-P). Genetic diagnosis was ascertained through fluores-
cent in situ hybridization (FISH). Exclusion criteria for
SCZ group were: brain injuries; neurological disorders;
substance abuse. Inclusion criteria for DEL group con-
sisted in: age between 18 and 65 years; absence of psy-
chotic symptoms; deletion of band 11.2 in chromosome
22 confirmed by FISH. Exclusion criteria for DEL group
were: brain injuries; neurological disorders; substance
abuse. Inclusion criteria for CS and SIB groups were
age between 18 and 65 years. Exclusion criteria for CS
and SIB groups were: diagnosis of psychiatric disorder
in axis [ or II; brain injuries; neurological disorders, sub-
stance abuse; other medical conditions. General intel-
ligence was assessed in all subjects through IQ measure-
ment by the Wechsler Adult Intelligence Scale (WAIS).
For all schizophrenic patients, clinical information was

Table 1
Socio-demographical and clinical characteristics of the sample
Variables cs SIB SCz
(n=30) (n=20) (n=39)
Sex (%) M F M F M F

30 70 70 30 564 436

Age (mean =+ sd) 28975 42.7£129 35+99
1Q (mean + sd) 1135+ 108 994 + 88 904+ 18
PANSS pos 134+42
PANSS neg 201 £73
PANSS gen 35281
Dol (mean + sd) 106+ 8

obtained on positive and negative symptoms severity
with Positive and Negative Symptoms Scale (PANSS)
[34]. Social cognition was evaluated through the Aware-
ness of Social Inference Test (TASIT) [35], which is a
ToM test where is requested identification of thoughts,
feelings, and intentions of characters of video vignettes,
and consists of seven scales (positive emotions, negative
emotions, sincere, simple sarcasm, paradoxical sarcasm,
sarcasm enriched, lie), organized into three sections:
emotion recognition; social inference (minimal); social
inference (enriched).

Statistical analysis was conducted on IBM software
SPSS (version 24). Differences between groups for
continuous variables were calculated with ANOVA and
post-hoc test were corrected for multiple comparisons.
For categorical variables y test was used. TASIT per-
formance was compared between groups by means of
Multivariate ANOVA, entering in the model all test
scales and as nuisance covariates gender, age and 1Q.
Correlation analysis between TASIT performance and
PANSS scores was run with Pearson’ partial correlation
entering QI as nuisance covariate.

RESULTS

Regarding demographical characteristics (Table 1),
samples showed significant difference in mean age (F
= 16.183; p < 0.001). SIB group was significantly older
respect to each other group (SIBvs CS p < 0.001; SIB »s
SCZ p = 0.021; SIB vs DEL_scz p < 0.001; SIB vs DEL
p < 0.001). Moreover, SCZ group was older respect to
DEL group (p < 0.001). Groups differed also in gen-
der composition (X2>= 14.543, p = 0.006), as CS group
had a higher proportion of females. Anova analysis for
IQ showed significant differences between groups (F =
16.854 p < 0.001). Post-hoc analyses revealed a higher
QI in CS group respect to the others (CS »s SIB p =
0.015; CSv»s SCZ p < 0.001; CS vs DEL_scz p < 0.001;
CS vs DEL p < 0.001). SIB had higher mean IQ level
respect to DEL_scz group (p = 0.009). No differences
in mean IQ was observed between clinical groups SCZ,
DEL and DEL _scz (Table 1). No differences were ob-
served in PANSS scores or illness duration between
DEL_scz and SCZ groups (Table 1).

Analysis of TASIT performance revealed that the

DEL_scz DEL Statistics p
(n=17) (n=34)
M F M F
76.5 235 67.6 324 x2=14.543 0.006*
275+6.7 243 £6.9 F=16.183 <0.001*
825+ 196 89.1 £15.1 F=16.854 <0.001*
142 £6.1 t=-0525 0.602
168+ 6 t=1.637 0.107
323+£89 t=1.087 0.282
71£5 t=133 0.187

CS: control subjects; SIB: siblings of schizophrenic patients; SCZ: schizophrenics; DEL_scz: psychotic patients; DEL: non psychotic patients.
Sd: standard deviation; IQ: intelligent quotient; pos: positive symptoms; neg: negative symptoms; gen: general psychopathology. *statistical significance.
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model corrected for nuisance covariates was statistically
significant for all TASIT scales (Wilks' Lambda 0.516;
F = 12.948; p < 0.001). Group (Wilks’ Lambda 0.379;
F = 3.825; p < 0.001) and IQ (Wilks’ Lambda 0.869;
F = 2.07; p = 0.037) variables showed a significant ef-
fect. Group effect was significant for all TASIT scales:
positive emotions (F = 6.243; p < 0.001; partial Eta>
= 0.159); negative emotions (F = 8.2017; p < 0.001;
partial Eta> = 0.199); emotion recognition (F = 10.258;
p < 0.001; partial Eta> = 0.237); sincere (F = 3.224; p =
0.015; partial Eta>= 0.089); simple sarcasm (F = 11.081;
p < 0.001; partial Eta> = 0.251); paradoxical sarcasm (F
= 17.495; p < 0.001; partial Eta2= 0.346), social infer-
ence (minimal) (F = 17.945; p < 0.001; partial Eta>=
0.352); sarcasm enriched (F = 5.779; p < 0.001; par-
tial Eta> = 0.149); lie (F = 10.9; p < 0.001; partial Eta>
= 0.248); social inference (enriched) (F = 15.853; p <
0.001; partial Eta?= 0.325). Age showed a significant
effect on the following TASIT scales: paradoxical sar-
casm (F = 4.166; p = 0.043; partial Eta2= 0.031); social
inference (minimal) (F = 5.199; p = 0.024; partial Eta>=
0.038); sarcasm enriched (F = 6.903; p = 0.010; partial
Eta2= 0.050). IQ presented a significant effect on the
following TASIT scales: positive emotions (F = 6.320; p
= 0.013; partial Eta?= 0.046); negative emotions (F =
5.825; p = 0.017; partial Eta?= 0.042); emotion recogni-
tion (F = 9.274; p = 0.003; partial Eta>= 0.066); simple
sarcasm (F = 4.381; p = 0.038; partial Eta>= 0.032);
social inference (minimal) (F = 4.586; p = 0.034; partial
Eta2= 0.034); sarcasm enriched (F = 10.357; p = 0.002);
social inference (enriched) (F = 7.641; p = 0.007).

Post-hoc were conducted for TASIT scales were a sig-
nificant effect of group was found, without the effect of
other nuisance covariates.

CS group showed a significantly better performance
in sincere scale of TASIT respect to DEL and DEL_scz
groups (respectively p = 0.015; p = 0.049) (Figure 1).

In paradoxical sarcasm scale SIB and CS groups had
significantly higher score than SCZ, DEL and DEL,_scz
groups (CS »s SCZ p < 0.001; CS »s DEL p < 0.001;
CSvs DEL_scz p < 0.001; SIB vs SCZ p < 0.001; SIB vs
DEL p < 0.001; SIB »s DEL_scz p < 0.001) (Figure 2).

For lie scale a significant better performance of SIB
and CS group was observed respect to the other groups
(CS vs SCZ p = 0.025; CS »s DEL p < 0.001; CS »s
DEL_scz p < 0.001; SIB vs SCZ p = 0.026; SIB »s DEL
p < 0.001; SIB vs DEL _scz p < 0.001). Moreover, the
SCZ group had a significantly higher score respect to
DEL group (SCZ v»s DEL p = 0.029) (Figure 3).

Partial correlations in SCZ group showed a negative
correlation between PANSS Positive Symptoms sub-
scale and Sarcasm Enriched TASIS scale (r = -0.337; p
= 0.038) and significant negative correlations between
PANSS Negative Symptoms subscale and the following
TASIT scales: positive emotions (r = -0.363; p = 0.025);
negative emotions (r = -0.482; p = 0.002); emotion rec-
ognition (r = -0.557; < 0.001); paradoxical sarcasm (r
= -0.438; p = 0.006); social inference (minimal) (r =
-0.429; p = 0.007); lie (r = -0.451; p = 0.004); social
inference (enriched) (r = -0.449; 0.005). A significant
negative correlation was found in DEL_scz group be-
tween PANSS Negative Symptoms subscale and so-

cial inference (enriched) TASIT scale performance (r
=-0.525; p = 0.037). Moreover, in this group, PANSS
General Psychopathology subscale score showed a sig-
nificant negative correlation with TASIT lie scale perfor-
mance (r = -0.561; p = 0.023).

DISCUSSION

The sample consisted of 140 subjects, divided in 5
groups: 30 healthy subjects with no psychiatric diagno-
sis, genetic predisposition or familiarity for these con-
ditions (CS); 20 first grade relatives of schizophrenic
patients (SIB); 39 patients affected with schizophrenia,
non-carriers of the 22q11.2 chromosome microdeletion
(SCZ); 34 subjects with 22q11.2 deletion syndrome
with no psychotic symptoms (DEL); 17 subjects with
22q11.2 deletion syndrome and diagnosed with a psy-
chotic disorder (DEL_scz).

The family members group is the one with the highest
average age, being partially composed of schizophrenic
patients’ parents (4 subjects out of 20). The SCZ group,
having in average 11 years duration of illness, resulted
significantly older than DEL, consisting of patients
who came under our observation during their early-late
adolescence in order to assess risk factors and plan the
psychotic onset prevention. No significant age gap has
been observed between SCZ and DEL_scz groups.

Besides a slight majority of female subjects in the
control group, no significant gender differences have
been observed within the groups.

A statistically relevant IQ gap between CS and the
other three clinical groups has been observed, in line
with literature. However the CS group generally shows
a significantly higher IQ compared to the SIB group
too; this information could be interpreted with the pres-
ence of an intermediate cognitive phenotype in family
members in comparison to their schizophrenic relatives.
The SIB group also shows a higher IQ than DEL_scz
patients, which could be due to a particular severity
of cognitive retardation in psychotic patients affected
with deletion. These results are coherent with literature.
There are no relevant IQ gaps amongst the three clinical
groups (SCZ, DEL, DEL _scz). IQ has been taken into
account in analyzing TASIT performance differences,
with the purpose of discerning the global deficiency of
neuro-cognitive skills observed in clinical groups from
the specific social cognition deficiency that our study
aims to demonstrate being associated to psychosis ge-
netic vulnerability. 1Q corrected MANOVA results
highlight a significant difference in performance for the
following TASIT scales: sincerity; paradoxical sarcasm;
lie. The control group shows a significantly better per-
formance in recognizing Sincerity compared to 22q11.2
DS affected patients, regardless of psychosis diagno-
sis. For TASIT sincere clips, where congruence exists
between what the actors are literally saying and the
paralinguistic and facial cues, in a previous article [29],
schizophrenic subjects do not show differences com-
pared to the control group. Our results show that this
specific ToM alteration is peculiar to patients affected
with DiGeorge Syndrome. Our hypothesis is that this
deficiency is solely observed in DEL groups of the study
as it is strictly dependent on social perception anomalies
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cs SiB DEL sCz DEL_scz

Figure 1

Mean score in TASIT sincere scale for each group. Red lines
show significant post-hoc comparisons.

TASIT: Awareness of Social Inference Test; CS: control subjects;
SIB: siblings of schizophrenic patients; DEL: non psychotic pa-
tients; SCZ: schizophrenics; DEL_scz: psychotic patients.

cs SIB DEL sCz DEL_scz

Figure 2

Mean score in TASIT paradoxical sarcasm scale for each group.
Red lines show significant post-hoc comparisons.

TASIT: Awareness of Social Inference Test; CS: control subjects;
SIB: siblings of schizophrenic patients; DEL: non psychotic pa-
tients; SCZ: schizophrenics; DEL_scz: psychotic patients.

cs SIB DEL sCz DEL_scz

Figure 3

Mean score in TASIT lie scale for each group. Red lines show
significant post-hoc comparisons.

TASIT: Awareness of Social Inference Test; CS: control subjects;
SIB: siblings of schizophrenic patients; DEL: non psychotic pa-
tients; SCZ: schizophrenics; DEL_scz: psychotic patients.

linked to difficulties in processing faces already demon-
strated for 22q11.2 deletion syndrome [36].

To evaluate paradoxical sarcasm, some simple scenes
are used which only acquire sense if the patient is able to
perceive the sarcasm involved in the dialogues (wherein
there is no correspondence between what the actors
say and what they refer to through their paraverbal
language and facial expressions). On this TASIT scale,
control and family members groups scored significantly
higher than all three clinical groups. Whilst schizo-
phrenic patients’ family members perform similarly to
healthy subjects, schizophrenic patients groups, both

22q11.2 DS carriers and non-carriers, and 22q11.2 DS
patients not affected with psychosis, performed signifi-
cantly worst in this socio-cognitive function compared
to healthy subjects. Hence the recognition of para-
doxical sarcasm is particularly compromised in both
22q11.2 DS and schizophrenia, and it might be related
to genetic causes of schizophrenia. In comprehending
lies, coherently, both control and sibling groups per-
formed significantly better than the other three groups.
The SCZ group shows in addition a significantly better
performance compared to 22q11.2 DS non-psychotic
patients. This result suggests that this specific deficit
is representatively prominent in 22q11.2 deletion syn-
drome, regardless of a diagnosis of schizophrenia.

There are no studies in literature that compare, for
socio-cognitive skills, patients affected with schizophre-
nia or 22q11.2 DS subjects with healthy subjects and
first grade family members of schizophrenic patients.
Our study is the first in literature to compare all these
categories. Resuming our results found specific deficit
in interpreting sincere social situations in 22q11DS.
Instead, deficit in understanding situation in which
people express with paradoxical sarcasm or lying is
shared among schizophrenia and 22q11DS. It appears
that having both conditions worst this kind of ToM
and social perception deficit. We can argue then that
this deficit is not depending from a general intelligence
gap respect to controls. Other studies found a lack of
correlation between IQ and emotion recognition in the
22q11DS, while it was observed in individuals with oth-
er developmental disorders such as ASD [37]. However
we expected a such deficit, if on a genetic basis, to be
present also in SIB group. This could be due to the fact
that our SIB group it's composite most of parents, so
adult people that had not expressed the psychosis phe-
notype and evidently not carrying the same risk factors
of 22q11DS. In this sense, social cognition deficit ap-
pear to be associated with the genetic risk to schizophre-
nia linked to mutations of genes in the 22q11.2 band.
Recently, Antshel et al. [38] found that deficits in emo-
tion recognition, in addition to other cognitive functions
such as set shifting and reading decoding, were present
before the transition to prodromal/overt psychosis in
22q11DS group. Another study found that individuals
with 22q11DS showed lower abilities than healthy con-
trols to correctly recognize facial emotions. Authors sug-
gested this difference could be due to abnormal faces
recognition in 22q11DS. Studies employing eyetrack-
ing infact have consistently shown different patterns of
visual exploration during face-processing tasks: com-
pared to typical and idiopathic developmentally delayed
control groups, patients with 22q11DS were shown to
spend less time on the eyes and more time on the mouth
or the nose when examining faces [39]. Moreover they
found impairments of specific component of cognitive
ToM (i.e., perspective-taking abilities). They interpreted
the results as the perspective-taking abilities might have
been influenced by higher-order cognitive difficulties, as
perspective-taking was shown to engage working memo-
1y or cognitive control processes.

The systematic application of tests investigating So-
cial Cognition may contribute to the diagnostic phase

—_
—_
—_
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and enable the monitoring of the effect of a rehabilitat-
ing intervention.

Performing longitudinal evaluation studies of socio-
cognitive skills, in deletion patients, could prove use-
ful to identify possible clinical predictive markers more
susceptible to the development of disorders in the
schizophrenia spectrum. Because 22q11.2 DS patients
are studied since childhood, researches in this field
could identify markers that may have a predictive func-
tion of the future course of the schizophrenia [33]. In
that sense, negative and positive symptoms predictors
were studied; the most viable marker for the negative
symptoms seems to be impairment of executive func-
tions, while for the positive symptoms it would be the
impoverishment in social cognition, particularly ToM
alterations, which could build the foundations for the
development of interpretative aspects of reality that can
trigger delusional symptoms.

Regarding patients affected with schizophrenia but
not 22q11 deletion carriers, in literature there are sev-
eral studies highlighting a correlation between ToM
alterations and the insurgence of positive symptoms,
whilst no correlation with negative symptoms has been
found. The presence of this set of data in literature can
serve as a support to the hypothesis of a possible causal
correlation between ToM and the subsequent develop-
ment of psychotic disorder with a prevalent delusional
component in the symptomatology.

Our study showed that in SCZ group PANSS positive
symptoms subscale shows a negative correlation with
sarcasm enriched TASIS scale while PANSS negative
symptoms subscale had significant negative correla-
tions with the following TASIT scales: positive emo-
tions; negative emotions; emotion recognition; para-
doxical sarcasm; social inference (minimal); lie; social
inference (enriched). In DEL_scz group a significant
negative correlation between PANSS negative symp-
toms subscale and social inference (enriched) TASIT
scale performance was found. Moreover, in this group,
PANSS general psychopathology subscale score shows
a significant negative correlation with TASIT lie scale

REFERENCES

1. McDonald-McGinn DM, Sullivan KE. Chromosome
22q11.2 deletion syndrome (DiGeorge syndrome/velo-
cardiofacial syndrome). Medicine. 2011;90:1-18.

2. Shprintzen RJ. Velo-cardio-facial syndrome: 30 years of
study. Dev Disabil Res Rev. 2008;14:3-10.

3. Scambler PJ. The 22q11 deletion syndromes. Hum mol
genet. 2000;9:2421-6.

4. Murphy KC. Schizophrenia and velo-cardio-facial syn-
drome. Lancet. 2002;359:426-30.

5. Shprintzen R], Goldberg R, Golding-Kushner KJ, Marion
RW. Late-onset psychosis in the velo-cardio-facial syn-
drome. Am ] Med Genet. 1992;42:141-2.

6. Sivagnanasundaram S, Fletcher D, Hubank M, Illing-
worth E, Skuse D, Scambler P. Differential gene expres-
sion in the hippocampus of the Df1/+ mice: a model for
22q11.2 deletion syndrome and schizophrenia. Brain res.
2007;1139:48-59.

7. Philip N, Bassett A. Cognitive, behavioural and psychi-

performance. A poorer performance in social cognition
is hence associated with more severe negative psychotic
symptoms. We may infer that patients with more severe
negative severe symptoms tend to be more isolated so-
cially and suffer affective flattening, leading to impaired
ability at tuning with other people’s emotions and inner
state. Nevertheless, given the previously discussed data
regarding deficiencies in social cognition in both non-
psychotic deletion patients and on a qualitative degree
in first grade family members of psychotic patients, it
is possible to hypothesize a primary deficiency in so-
cial cognition, which leads to the deterioration of social
functioning, even before the onset of schizophrenia.
Psychotic symptoms will then probably aggravate those
deficiencies.

CONCLUSIONS

Our results showed a specific deficit, not influenced
by general intelligence impairment, of social cognition
in 22q11DS and in schizophrenia, both idiopathic that
22q11DS-linked. Non-psychotic 22q11DS subjects
showed similar severity in social cognition deficit to
those with schizophrenia. It is possible to argue that ge-
netic alterations in 22q11DS determine a social cogni-
tive deficit, that is more frankly evident after psychosis
onset. Social cognition deterioration could be consid-
ered an endophenotype of schizophrenia, linked to the
genetic etiology of the illness.

Limitation of the present study are the small sample
size and the cross-sectional design. Other limits consist
in the absence of relevant clinical data, such as treat-
ment and pharmacological interventions. Future study
should examine longitudinally neurocognitive function-
ing of 22q11DS population.

Conflict of interest statements
The authors declare to have no conflicts of interest
to disclose.

Received on 14 June 2019.
Accepted on 23 January 2020.

atric phenotype in 22q11.2 deletion syndrome. Behav
genet. 2011;41:403-12.

8. Swillen A, Devriendt K, Legius E, Prinzie P, Vogels A,
Ghesquiere P, Fryns JP. The behavioural phenotype in
velo-cardio-facial syndrome (VCES): from infancy to
adolescence. ] Genet Couns. 1999;10:79-88.

9. De Smedt B, Swillen A, Devriendt K, Fryns JP, Ver-
schaffel L, Ghesquiere P. Mathematical disabilities in
young primary school children with velo-cardio-facial
syndrome. ] Genet Couns. 2006;17:259-80.

10. Bearden CE, Woodin MF, Wang PP, Moss E, McDon-
ald-McGinn D, Zackai E, Emannuel B, Cannon TD. The
neurocognitive phenotype of the 22q11.2 deletion syn-
drome: selective deficit in visual-spatial memory. ] Clin
Exp Neuropsychol 2001;23:447-64.

11. Zinkstok J, van Amelsvoort T. Neuropsychological pro-
file and neuroimaging in patients with 22Q11.2 Deletion
Syndrome: a review. Child Neuropsychol. 2005;11:21-37.



SOCIAL COGNITION DEFICIT AND GENETIC VULNERABILITY TO SCHIZOPHRENIA

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24.

25.

26.

27.

Chow EW, Watson M, Young DA, Bassett AS. Neurocog-
nitive profile in 22q11 deletion syndrome and schizophre-
nia. Schizophrenia Res. 2006;87:270-8.

Baker K, Vorstman JA. Is there a core neuropsychiatric
phenotype in 22q11.2 deletion syndrome? Curr Opin
Neurol. 2012;25:131-7.

Murphy KC. Annotation: velo-cardio-facial syndrome. J
Child Psychol Psychiatry. 2005;46:563-71.

Tsuang MT, Winokur G, Crowe RR. Morbidity risks of
schizophrenia and affective disorders among first de-
gree relatives of patients with schizophrenia, mania,
depression and surgical conditions. Br ] Psychiatry.
1980;137;497-504.

Bassett AS, Chow EW, AbdelMalik P, Gheorghiu M,
Husted J, Weksberg R. The schizophrenia pheno-
type in 22q11 deletion syndrome. Am ] of Psychiatry.
2003;160:1580-6.

Fournier AE, GrandPre T, Strittmatter SM. Identifica-
tion of a receptor mediating Nogo-66 inhibition of axonal
regeneration. Nature. 2001;409(6818):341-6.

Borrie SC, Baeumer BE, Bandtlow CE. The Nogo-66 re-
ceptor family in the intact and diseased CNS. Cell Tissue
Res. 2012;349(1):105-17.

Stark KL, Xu B, Bagchi A, Lai WS, Liu H, Hsu R, Go-
gos JA. Altered brain microRNA biogenesis contributes
to phenotypic deficits in a 22q11-deletion mouse model.
Nature Genetics. 2008;40(6):751-60.

Ouchi Y, Banno Y, Shimizu Y, Ando S, Hasegawa H,
Adachi K, Iwamoto T. Reduced adult hippocampal neu-
rogenesis and working memory deficits in the Dgcr8-
deficient mouse model of 22q11.2 deletion-associated
schizophrenia can be rescued by IGF2. ] Neurosci.
2013;33(22):9408-19.

Chun S, Westmoreland JJ, Bayazitov IT, Eddins D, Pani
AK, Smeyne R]J, Zakharenk SS. Specific disruption of
thalamic inputs to the auditory cortex in schizophrenia
models. Science. 2014;344(6188):1178-82.

Chun S, Du F, Westmoreland JJ, Han SB, Wang YD,
Eddins D, Zakharenko SS. Thalamic miR-338-3p medi-
ates auditory thalamocortical disruption and its late onset
in models of 22q11.2 microdeletion. Nature Medicine.
2017;23(1):39-48.

Eom TY, Bayazitov IT, Anderson K, Yu J, Zakharenko
SS. Schizophrenia-related microdeletion impairs emo-
tional memory through microRNA-dependent disrup-
tion of thalamic inputs to the amygdala. Cell Reports.
2017;19(8):1532-44.

Wimber M, Schott BH, Wendler FCI, Seidenbecher
G, Behnisch T, Macharadze KHT, Biauml Richardson-
Klavehn A. Prefrontal dopamine and the dynamic con-
trol of human long-term memory. Transl Psychiatry.
2011;1(7):e15-e15.

Jones P, Rodgers B, Murray R, Marmot M. Child devel-
opment risk factors for adult schizophrenia in the British
1946 birth cohort. Lancet. 1994:344:1398-402.
Schneider M, Van der Linden M, Glaser B, Rizzi E, Da-
houn S.P. Preliminary structure and predictive value of
attenuated negative symptoms in 22q11.2 deletion syn-
drome. Psychiatry Res. 2012;196(2-3):277-84.

Boot E, Booij J, Zinkstok J, Abeling N, de Haan L, Baas
F, Linszen D, van Amelsvoort T. Disrupted dopaminergic
neurotransmission in 22q11 deletion syndrome. Neuro-
psychopharmacology. 2008;33(6):1252-8.

28.

29.

30.

31

32.

33.

34,

35.

36.

37.

38.

39.

Bora E, Yucel M, Pantelis C. Theory of mind impair-
ment in schizophrenia: meta-analysis. Schizophrenia Res.
2009;109:1-9.

Rocca P, Galderisi S, Rossi A, Bertolino A, Rucci P, Gib-
ertoni D, Montemagni C, Sigaudo M, Mucci A, Bucci P,
Acciavatti T, Aguglia E, Amore M, Bellomo A, De Ronchi
D, Dell'Osso L, Di Fabio F, Girardi P, Goracci A, Mar-
chesi C, Monteleone P, Niolu C, Pinna F, Roncone R,
Sacchetti E, Santonastaso P, Zeppegno P, Maj M; Italian
Network for Research on Psychoses. Social cognition in
people with schizophrenia: a cluster-analytic approach.
Psychol Med. 2016;46:2717-29.

Galderisi S, Rucci P, Kirkpatrick B, Mucci A, Gibertoni,
D, Rocca P, Rossi A, Bertolino A, Strauss GP, Aguglia
E, Bellomo A, Murri MB, Bucci P, Carpiniello B, Com-
parelli A, Cuomo A, De Berardis D, Dell’'Osso L, Di Fa-
bio F, Gelao B, Marchesi C, Monteleone P, Montemagni
C, Orsenigo G, Pacitti F, Roncone R, Santonastaso P,
Siracusano A, Vignapiano A, Vita A, Zeppegno P, Maj
M; Italian Network for Research on Psychoses. Interplay
among psychopathologic variables, personal resources,
contextrelated factors, and real-life functioning in indi-
viduals with schizophrenia: A network analysis. JAMA
Psychiatry. 2018;75:396-404.

Lattanzi GM, Buzzanca A, Frascarelli M, Di Fabio F. Ge-
netic and clinical features of social cognition in 22q11.2
deletion syndrome. ] Neuro Res. 2018;96:1631-40.
Weinberger R, Yi J, Calkins M, Guri Y, McDonald-Mc-
Ginn DM, Emanuel BS, Zackai EH, Ruparel K, Carmel
M, Michaelovsky E, Weizman A, Gur RC, Gur RE, Go-
thelf D. Neurocognitive profile in psychotic versus non-
psychotic individuals with 22q11.2 deletion syndrome.
Eur. Neuropsychopharmacol. 2016;26(10):1610-8.
Jalbrzikowski M, Carter C, Senturk D, Chow C, Hopkins
JM, Green MF, Galvan A, Cannon TD, Bearden CE. So-
cial cognition in 22q11.2 microdeletion syndrome: rele-
vance to psychosis? Schizophrenia res. 2012;142:99-107.
Kay SR, Fiszbein A, Opler LA. The positive and negative
syndrome scale (PANSS) for schizophrenia. Schizophr
Bull. 1987;13(2):261-76.

McDonald S, Bornhofen C, Shum D, Long E, Saunders
C, Neulinger K. Reliability and validity of The Awareness
of Social Inference Test (TASIT): a clinical test of social
perception. Disabil Rehabil. 2006;28(24):1529-42.
Campbell LE, Stevens AF, McCabe K, Cruickshank L,
Morris RG, Murphy DGM, Murphy KC. Is theory of
mind related to social dysfunction and emotional prob-
lems in 22q11.2 deletion syndrome (velo-cardio-facial
syndrome)? ] Neurodev Disord. 2011;3(2):152-61.
McCabe KL, Melville JL, Rich D, Strutt PA, Cooper
G, Loughland CM, Schall U, Campbell LE. Divergent
patterns of social cognition performance in autism and
22q11.2 deletion syndrome (22q11DS). J Autism Dev
Disord. 2013;43:1926-34.

Antshel KM, Fremont W, Ramanathan S, Kates WR.
Predicting cognition and psychosis in young adults
with 22q11.2 Deletion Syndrome. Schizophrenia Bull.
2017;43(4):833-42.

Badoud D, Schneider M, Menghetti S, Glaser B, Deb-
bané M, Eliez S. Understanding others: a pilot investiga-
tion of cognitive and affective facets of social cognition in
patients with 22q11.2 deletion syndrome (22q11DS). ]
Neurodev Disorders. 2017:9:35.

—_
—_
W

ORIGINAL ARTICLES AND REVIEWS . . -



Ann Ist Super Sanita 2020 | Vol. 56, No. 1: 114-121

DOI: 10.4415/ANN_20_01_16

Application of effect-based methods
(EBMs) in a river basin: a preliminary
study in Central Italy

Walter Cristiano, Ines Lacchetti, Kevin Di Domenico, Margherita Corti, Laura Mancini

and Mario Carere

Unita Ecosistemi e Salute, Dipartimento Ambiente e Salute, Istituto Superiore di Sanitd, Rome, Italy

Abstract

Introduction. Effect-based methods (EBMs), i.e. in vitro and in vivo bioassays, represent

Key words
o cffect-based methods

innovative tools for the effect detection of environmental chemical pollutants on living | ® Daphnia magna

organisms. The aim of this study was to evaluate the water quality of a river ecosystem
implementing two in vivo bioassays on target freshwater animal species: the crustacean
Daphnia magna and the small fish Danio rerio, also known as zebrafish.

Materials and methods. The methods applied in this study, i.e. the Daphnia sp. Acute
Immobilisation assay and the Fish Embryo Acute Toxicity (FET) test, are commonly
used in water quality research and their application in short-term ecotoxicity detection is
suggested by recent European projects. Two sampling sites were chosen in the urban part
of the Tiber River in Rome, while a third one was chosen as a reference site in the Farfa
River, a tributary upstream of the city. The sites in the Tiber River are potentially affected
by different pollution sources, including urban and industrial wastewater discharges, the
pesticide release, livestock waste products, and waste dumps.

Results and discussion. The results of the study showed wide differences between the
two applied bioassays. The FET test was generally more sensitive in detecting even low
effects in all the water samples, but the strongest statistically results were observed with
the D. magna Acute Immobilisation test. The results of this research confirm the effec-
tiveness of EBMs in investigating and monitoring water chemical pollution, and stress
the need for performing further studies, e.g. chemical analyses and other bioassays, to
improve the knowledge of the health status of the Tiber River basin.

Conclusions. Further results will aim to support the local authorities in adopting mea-

zebrafish
chemical pollution
Tiber River

sures to reduce and to eliminate the sources of chemical pollution in the study area.

INTRODUCTION

The Water Framework Directive (WFD-2000/60/EC)
commits the European Union (EU) Member States to
ensure a good qualitative and quantitative status of all
water bodies [1]. The chemical monitoring programmes
of the WFD includes a list of different priority chemi-
cals substances (Directive 2013/39/UE) and river spe-
cific pollutants that need to be constantly monitored
in surface waters [2]. Despite the efforts of the EU to
reduce the release of chemicals into the aquatic envi-
ronment, new emerging pollutants and contaminant
mixtures still make water pollution one of the main
challenges across Europe [3].

The classical single-chemical risk assessment approach
for the management of the chemical pollution in water
bodies shows some limitations, as highlighted by recent
European projects and monitoring networks [4, 5]. Ana-

lysing, detecting and quantifying all the substances in the
aquatic environment is very challenging [3, 6]. Further-
more, the chemical pollutants present in the water bodies
can combine themselves in mixtures whose effects may
not be predictable on the only basis of chemical analyses.
However, it is fundamental to investigate the effects of
living organisms exposure to pollutants released in water
ecosystems in order to understand the impact of chemi-
cal pollution on the aquatic biodiversity. It is also neces-
sary to link the observed effects with the cost-effective
management objectives. Therefore, in the context of the
WEFED, a specific activity was foreseen for the elaboration
of a technical report [7] on aquatic effect-based tools
(e.g. bioassays, biomarkers). As mentioned in the report
of the WED, these tools can be used as it follows:

e as screening tools to aid in the prioritisation of analy-

sis of water bodies;
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* to establish early warning systems;

* to take into account the effects of chemical mixtures
or chemicals that are not analysed (e.g. to support
investigative monitoring when the reason why the de-
cline of specific species is unknown);

e to provide additional support in water and sediment
quality assessment.

In this WED report, the adoption of apical short-term
ecotoxicity bioassays, i.e. fish embryo toxicity and immo-
bilisation of Daphnia sp., is reccommended [4, 7]. In this
research, the southern part of the Tiber River basin was
chosen as a case study for a preliminary investigation of
the chemical pollution effects in a water ecosystem par-
ticularly important from a human perspective. Indeed,
the Tiber River is the third-longest river in Italy and the
main watercourse in Rome. It rises in the Appennine
Mountains in the Emilia-Romagna Region (Fumaiolo
Mountain, 1407 m above s.l.) and it flows for 405 km
to the southwest through Umbria and Lazio Regions to-
wards the Tyrrhenian Sea. The river represents the larg-
est basin in Central Italy with a drainage area of 17 375
km?. The total human population living in this geograph-
ic area is approximately 4.7 million people. The plan of
the Tiber River Basin Authority (TRBA) reports a large
land agricultural use of the basin covering about 53% of
the surface, while approximately 39% is forested and 5%
is urbanised [8]. Thus, it can be assumed the presence
of several chemical pollutants, also combined as con-
taminant mixtures, affecting its entire watercourse, even
at very low concentrations. Environmentally hazardous
concentrations of certain priority substances, e.g. heavy
metals, nonylphenols, polycyclic aromatic hydrocarbons
(PAHs), were found both in water and in sediments of
the urban stretch of the Tiber River [9-11]. Chemical
pollutants widespread into the watercourse represent
an ecological risk for the river ecosystem and for the
coastal area of the Tyrrhenian Sea, where the Tiber River
flows. Previous studies found different organophosphate
(OPPs) pesticides in the river and in its estuary, even if
mostly in lower concentrations than the guideline values
[12]. Moreover, other environmental pollutants were
found in the last stretch of the river. For instance, high
concentrations of pharmaceuticals, such as the hydroxy-
metabolite of the mood-stabilising drug carbamazepine
and the non-steroidal anti-inflammatory drug diclofenac,
PAHs, pesticides, perfluorinated and polyfluorinated al-
kyl substances (PFAS), were detected [13]. The occur-
rence of antibiotics was also recorded [14]. The data of
the local environmental agency obtained following the
current legislation show that some priority substances,
e.g. nickel, exceed the environmental quality standards
(EQS) in the Tiber River [15]. Considering the high
number of chemical pollutants that may be found in this
river basin, and the resulting effects on living organisms,
the use of EBMs appears to be a low-cost and sustain-
able opportunity for the water ecosystem management.

Aim of the study

The purpose of the present study was to apply two
effect-based methods (EBMs), i.e. Daphnia sp. Acute
Immobilisation assay and Fish Embryo Acute Toxicity
(FET) test, with a view to investigating the effects of

chemical substances in the last stretch of the Tiber River
basin on two target freshwater model organisms: the
crustacean Daphnia magna and the small fish Danio re-
rio, otherwise known as zebrafish. Each of these species
can respond to the environmental pollution differently
since they belong to separated trophic levels. Therefore,
the implementation of bioassays on different organisms
allows achieving a better overview of the effects of chem-
ical pollution on water ecosystems. The bioassays used
in this research represent common applied experimental
procedures in water quality studies. Moreover, the use
of these model organisms for environmental monitoring
purposes is encouraged by recent European projects [4].
The general aim of this study was to support the effect-
based evaluation of the quality status of the urban area
of the Tiber River in the city of Rome and one tributary.

MATERIALS AND METHODS
Study area and sampling

The study area was located along the Tiber River basin
in the Lazio Region, comprising two different sites along
the main watercourse and one tributary (Figure 1). The
three selected sites were characterised by different types
and levels of pollution, reflecting different anthropogen-
ic pressures, potentially including drift of pesticides, ur-
ban and industrial wastewater discharges, waste dumps,
and livestock waste products [15]. The southern part of
the Tiber River reflects all the contamination sources af-
fecting the river along its stream. Castel Giubileo (CG)
is located in the North of Rome (upstream of the city):
this site is likely affected by leaching of waste, agricul-
tural and zootechnical discharges as well as the presence
of small and medium factories. Mezzocammino (MC) is
located in the South of Rome (downstream of the city),
about twenty kilometers from the estuary: this site col-
lects the urban discharges of the city of Rome and it is
located right after a sewage treatment plant. Farfa River
(FA) is a stream that flows into the Tiber River at around
fifty kilometers before Rome: it was chosen as a refer-
ence site for its good ecological status according to the
demands of the WFD [16, 17]. Two sampling campaigns
were conducted in these sites: the first was performed
during the summer of 2018, while the second was car-
ried out during the summer of 2019. Water samples (2
L) were collected in each site between 0 and 20 cm from
the surface and then they were quickly stored at +4 °C.
Each sample was filtered at 0.45 pm in order to remove
the suspended materials.

Instrumentation

The observations of the daphnids and the photo-
graphs of representative zebrafish individuals were per-
formed using a Leica S8APO stereo microscope linked
to a Basler acA 1300-60 gm camera. The images were
acquired thanks to the software Media Recorder™ 4.0
provided by Noldus Information Technology.

Laboratory analyses

Analyses were carried out by the Laboratory of Eco-
toxicology of the Unit of Ecosystem and Health of the
Italian Institute of Health (Istituto Superiore di Sanita,
ISS, Rome). The Laboratory works in quality according

—_
—_
Ot

ORIGINAL ARTICLES AND REVIEWS . . .



Walter Cristiano, Ines Lacchetti, Kevin Di Domenico et al.

CG

La Giustiniana
Tomba di
Nerone
Zona L Ottavia,

=

MUNICIPIO
ROMA Xil
Riserva
Naturale
della Tenuta
dei Massimi

AN

MUNICIPIO

MUNICIPIO Citterdel
ROMA Xill Vaticano

(G Marc
MUNICIPIO
ROMAXV. ROMA 1l
MUNICIPIO 3
ROMA WV &
(eaa)
Roma Tor Sapienza
Torre Angela
 Esol
MUNICIPIO )
ROMAVIII  Cinecitta
Romanina o2
[ss7]
[spsu}
Giampino
ED

Poggio Mirteto

, * FA

Natirale della Fara In Sabina

Y Marcigliana
Colleverde

Figure 1
Map of the sampling sites in the study area.
CG: Castel Giubileo; FA: Farfa River; MC: Mezzocammino.

to the UNI CEI EN ISO/IEC 17025 standard [18] and
participates in different national and European inter-
laboratory comparisons.

Dapbhnia sp. Acute Immobilisation assay (OECD
202:2004)

The Daphnia sp. Acute Immobilisation assay is a
screening method using freshwater crustacean daphnid
species. In this study, the test was performed starting
from the resistant forms of D. magna, i.e. ephippia, that
were included in the kit named as Daphtoxkit® and
developed by the Laboratory for Environmental Toxi-
cology and Aquatic Ecology (LETAE) at the University
of Ghent, in Belgium. The experimental procedure ap-
plication followed the OECD No. 202:2004 guideline
[19]. The tests lasted 48 hours. All the physicochemi-
cal parameters were measured at the start of tests and
after 48 hours. Six independent tests were performed,
one for each sample. Three tests were carried out dur-
ing 2018, while the other three during 2019. Each test
was performed in three replicates. Twenty daphnids
per sample (no longer than 24 hours after the hatch-
ing) were exposed in multi-well plates and they were
incubated at 21 + 1 °C in the dark. Each well contained
five daphnids in 10 mL of the water sample. A control
was performed exposing twenty daphnids to the test
medium. At the end of the experiment, the number of
immobilised individuals was recorded. Daphnids were
considered immobilised if no directed movement was
observed within 15 s after gentle stirring.

Fisbh Embryo Acute Toxicity (FET) test (OECD
236:2013)

Wild type zebrafish embryos were used to perform the
analysis. The bioassay was conducted according to the
OECD No. 236:2013 guideline [20]. The embryos were
collected from the breeding groups at the Laboratory of

Ecotoxicology of the ISS. Breeding fish were maintained
in tanks with a loading capacity of 1-L water per fish at 26
+ 1 °C and with a fixed photoperiod of 12:12 (light:dark).
Six independent tests were performed, one for each sam-
ple. Three tests were carried out during 2018, while the
other three during 2019. Each test was performed in two
replicates. Zebrafish eggs were exposed in 24-well plates
at a developmental stage ranging from 32 to 128 cells
of segmentation. Each well contained one egg in 2 mL
of the sample. A plate control and internal control were
prepared with the test medium. Embryos were kept in
dark conditions for four days at 26 + 1 °C. The mor-
phological observations of the embryos were made at 96
hours post fertilisation (hpf). Four apical observations
were recorded as lethal endpoints indicating acute toxic-
ity: coagulation of the embryo, non-detachment of the
tail, lack of somite formation, and lack of heartbeat. Sub-
lethal endpoints were also recorded in order to improve
the evaluation of the sample toxicity with an enhanced
level of detail. The investigated sublethal endpoints were
spine deformation, hatching delay, general underdevel-
opment, absence of pigmentation, eye deformation, tail
deformation, fin deformation, low heartbeat, head skel-
eton malformation, edema.

Statistical analysis

The experimental data were analysed performing
non-parametric tests. The Kruskal-Wallis test allowed
the comparison among the sampling sites in the two
different years (2018 and 2019) and the different time
pattern showed by the Delta (values of 2019 — values of
2018). Moreover, the average and the standard devia-
tion were calculated where possible. The statistical anal-
ysis was performed with the aid of the SAS® software.
Please, see the Supplementary materials available on line
for a detailed description of the statistical analysis and
the related boxplots.
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Wilcoxon Score Distribution showing the different time pattern
(values of 2019 - values of 2018) indicated by the delta. Sig-
nificance is expressed as Pr > Ch-square and it has be equal to
<0.05. FA: Farfa River; CG: Castel Gandolfo; MC: Mezzocammino;
C-: negative control.

RESULTS AND DISCUSSION

All the test results met the validity criteria in both
the bioassays. Overall, the results showed toxic effects,
i.e. lethal and sublethal effects, in the three sampling
sites with differences between the applied bioassay and
between the sites. However, the acute toxicity was gen-
erally weak, i.e. low mortality rate, for the organisms
employed in this study. The D. magna Acute Immobili-
sation assay showed a significant difference between
the results observed from the samples of 2018 and
those of 2019 (Figure 2). Based on the average of the
results, only the sample FA1 showed significant toxic
effects (over 20% of the effect percentage) for the daph-
nids (Table 1). The results of the FET test did not show
a significant difference between the samples of 2018
and those of 2019. However, this bioassay detected
both lethal and sublethal effects. Indeed, the FET test
is able to detect toxic effects even at low concentrations
of chemical substances [5, 21]. Only the samples FA1
and MC1 showed significant toxicity (over 20% of the
effect percentage) for zebrafish embryos (Table 2).

Table 1

Surprisingly, most of the effects were observed in
the organisms exposed to the tributary Farfa River. A
possible explanation for the difference of the effects
emerged in the Tiber River samples and the Farfa River
samples could be related to the release of some pes-
ticides into the tributary or to the use of some phar-
maceuticals for veterinary purpose. Indeed, land ex-
ploitation for agricultural uses is carried out nearby
the torrent, although this is limited to a restricted area.
Other explanations could be sought in the presence of
physical and chemical parameters in the samples that
may have affected the development and survival of the
tested organisms. Moreover, the low water flow rate of
the Farfa River could amplify the effects of chemical
pollutants because they could be more concentrated if
compared with those released in the huge water flow of
the Tiber River. Furthermore, other sources of pollution
could be found in possible illegal wastes or in the pres-
ence of a dam upstream the site used for the abstraction
of drinking water.

Daphnia sp. Acute Immobilisation assay

The results of Daphnia sp. Acute Immobilisation
assay did not show any acute effect for the two Tiber
River samples of MC and CG. The recorded percent-
age of mobility inhibition ranged between 0% and 20%,
for both the campaigns (Table 1). The percentage of
immobilised individuals recorded was closed to 0% as
regards the second campaign (MC2 and CG2). How-
ever, the first sample of Farfa River (FA1) weakly af-
fected the motility of daphnids showing an acute toxic-
ity effect, ranging from 15% to 35%, while the second
sample (FA2) was not toxic for the crustacean (Table
1). Samples that show values ranging between 20% and
50% are considered low toxic on the basis of the scale
of toxicity used by Regional Environmental Protection
Agency of Lazio — ARPAL. Statistical analysis revealed
that the differences between the two campaigns are
significant (Figure 2). However, considering the low
amount of the data, these conclusions have to be treat-
ed very carefully and further analyses are needed. The
results do not necessarily mean the absence of chemi-
cal pollution in the Tiber River since the D. magna

Results of Daphnia magna Immobilisation Assay. The data represent the effect percentage calculated in each test for all the sam-
ples, including the negative control. Average and standard deviation are also reported. FA: Farfa River; CG: Castel Gandolfo; MC:

Mezzocammino; C-: negative control.

Sampling Site Replicate 1
(%)
2018 FA1 30
CG1 10
MC 1 5
(« 33
2019 FA2 5
CG2 0
MC2 0
(« 0

Replicate 2 Replicate 3 M c
(%) (%)
15 35 26.7 104
10 15 11.7 29
20 5 10 8.7
0 0 1.1 1.9
5 0 33 29
0 0 0 0
0 0 0 0
0 0 0 0
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Table 2

Results of FET Test with Danio rerio. The data represent the ef-
fect percentage calculated in each test for all the samples, in-
cluding the negative control. Average is also reported. Lethal
and sublethal were calculated separately. NA (i.e. not applica-
ble) means that the negative control was recorded only once
for both lethal and sublethal effects. FA: Farfa River; CG: Castel
Gandolfo; MC: Mezzocammino; C-: negative control.

Sampling Site Test 1 Test 2 1]
(%) (%)
2018 Lethal FA 15 45 30
CG 5 5 5
MC 25 30 275
C- 0 0 0
Sublethal FA 0 9 4.5
CG 0 1 55
MC 13 0 6.5
« NA NA
2019 Lethal FA 5 10 7.5
CG 15 10 12.5
MC 5 5 5
C- 0 0 0
Sublethal FA 11 6 85
CG 0 6 3
MC 5 11 8
G NA NA

model could not be sensitive to the specific chemical
substances and concentrations dissolved into the Tiber
River. Furthermore, most of the chemical substances
might have been stuck to the organic material that was
removed during the sample filtering [22]. The chemical
analysis could help in explaining the obtained results
and revealing the chemicals in the samples and their
concentrations.

FA1 and FA2 showed different effects, ranging from
a low degree of toxicity to the absence of toxic effects
on development, survival, and motility. The different re-
sults obtained with the Farfa River samples in the two
sampling campaigns could be due to specific seasonal
environmental perturbations as well as different levels of

chemical discharge into the watercourses or single pol-
lution phenomena. For instance, the available rainfall
data show that the summer of 2018 was much rainier
than the summer of 2019, especially in the area of the
Farfa River [23]. However, it interesting to notice that a
recently published study [24] indicated that the ecologi-
cal status in a small investigated portion of this stream
should be considered as moderate instead of good, ac-
cording to the definition provided by the WFD obliga-
tions. These data refer to the period of 2018. However,
the same study states that the ecological status of the
Farfa River is good overall. The positive results recorded
in the tested samples of the first campaign were weak
and contrasting with those emerged in the samples from
the second campaign. Therefore, more samplings are
needed to confirm or reject these data.

Fish Embryo Acute Toxicity (FET) test

Lethal and sublethal endpoints on zebrafish embryos
were observed and recorded in all the tests. The mortal-
ity rate was <10% in the plate control and internal con-
trol. Overall, the number of adverse effects was higher
in the samples coming from the summer of 2018. This
difference between the two sampling campaigns was
due to MC and FA, while the organisms exposed to CG
samples did not show any relevant difference between
the two investigated periods (Table 2). Mortality was ob-
served in all the tested samples for each site. However,
a minimum number of lethal effects can be due to the
mortality rate characteristic of this species. Indeed, only
the embryo mortality percentage greater than 10% is
considered significant according to the guideline. FA1
and MC1 registered levels of lethality that may indicate
weak toxicity. CG showed a slight difference in lethal-
ity between CG 1 and CG2. Sublethal endpoints were
also recorded in all the samples (Table 2). These obser-
vations could reveal the presence of chemicals or chem-
ical mixtures that may not be assessed with the only
record of lethal endpoints. Sublethal effects occurred
as spine deformation, delay or absence in the hatching
and general underdevelopment, and they were recorded
in all the samples (Figure 3). Specifically, the applica-
tion of the FET test has been useful in several scientific
studies to detect the effects of chemical pollution on
living organisms in surface water bodies, even for sub-
stances at very low exposure levels [16, 25]. Moreover,
the detection of sublethal effects can be linked to some

Figure 3

Sublethal effects detected by the FET test. All the images were obtained at 96 hpf. A) represents a normal developing hatched
embryo; B) shows the spine deformity; C) is a non-hatched individual.
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Results of the ecotoxicological analyses applied on three Tiber River basin samples (FA: Farfa, CG: Castel Giubileo, MC: Mezzocam-

mino) in two sampling campaigns (2018-2019).

widespread classes of environmental pollutants and it
allows the understanding of the main modes of action
(MoAs) of these substances, e.g. DNA toxicity, neuro-
toxicity, developmental toxicity, cardio-circulatory tox-
icity [21]. The results of the test were congruent with
those shown in D. Magna Acute Immobilisation assay,
although very weak (Figure 4). The higher peaks of tox-
icity were registered in the organisms exposed to the
Farfa River samples. The outcomes of the FET test also
showed a certain level of toxicity in the site of MC as
expected: this site is indeed located downstream to the
city of Rome and it is affected by the pollution load typ-
ical for a big city, i.e. small enterprise discharges, waste
pollution, personal care products, detergents, heavy
metals. MC also receives the emissions of the urban
wastewater treatment plant. Further studies integrating
other ecotoxicological bioassays and chemical analyses
are needed to improve our knowledge about the state of
health of the study area.

CONCLUSIONS

Several activities have arisen along the banks of the
Tiber River during the centuries, and this water eco-
system has been always relevant for its socio-economic
activities and public health. Moreover, the Tiber River
could be used in the future as a reservoir for drinking
water in the city of Rome, especially considering the
global climate change effects, e.g. water scarcity [26,
27]. Therefore, in this context, every new result on the
water quality of this river ecosystem should be carefully
considered. The effects detected with the FET test can
play an important role in future chemical screening of
the Tiber River. The sublethal effects detected in all
the sampling sites could be due to some classes of en-
vironmental pollutants left off the list of the chemical
substances included in the European and Italian legis-
lations [28]. Specifically, future studies should explain
which sources could be responsible for the water con-
tamination in the Farfa River, and the outcomes should

be considered by the policymakers for monitoring and
protecting this important naturalistic area. Integrating
EBMs, e.g. FET test and D. Magna Acute Immobilisa-
tion assay, into surveillance, operational and investiga-
tive monitoring for water quality management is funda-
mental to evaluate the hazards of the whole chemical
substances widespread in the water bodies. Further-
more, EBMs may reveal risks for natural communities
working as environmental early warning systems, as
already mentioned by past studies on the Tiber River
[29].

It would be essential to combine the morphological
observations detected in this study with the methods
taking into account different MoAs, e.g. mutagenicity
and neurotoxicity, in order to increase the knowledge on
the underlined toxicity mechanism. These MoAs have
been commonly revealed by bioassays that used samples
collected in several European rivers [30]. A better com-
prehension of the chemical pollution levels in the Tiber
River basin, including emerging substances, e.g. phar-
maceuticals and pesticides not included in the legisla-
tion, would be fundamental to prevent risks for human
health when there is a reuse of water for agricultural,
aquaculture and drinking purposes.

In conclusion, the recommendation of this study
is continuing to apply ecotoxicological bioassays in
studying the Tiber River basin in support to the chemi-
cal analysis foreseen by the WFD. Future screening of
these environmental sites could be essential for bet-
ter explaining the results of this study, and to identify
which substances are potentially responsible for these
effects.

Autbors contributions

The co-authors had together contributed to the com-
pletion of this article. Specifically, it follows their indi-
vidual contribution. Conceptualisation: WC and IL;
methodology: WC, IL, KDD, Ma.Co.; validation: IL,
MC; investigation: WC, IL, KDD, MaCo; data cura-

—_
—_
Nej

ORIGINAL ARTICLES AND REVIEWS . . .



Walter Cristiano, Ines Lacchetti, Kevin Di Domenico et al.

tion: IL, WC; writing — original draft preparation: WC;
writing — review and editing: MC, IL, WC; supervision:
LM. All authors read and approved the final manuscript.

Funding
This research received no external funding.

Acknowledgments
The authors are grateful to the research team of the
Department of Ecosystem Analysis at RWTH Aachen

REFERENCES

10.

European Commission. Directive 2000/60/EC of the
European Parliament and of the Council (10 23, 2000).
2000, Official Journal (O] L 327). Available from: http://
data.europa.euw/eli/dir/2000/60/0j.

European Commission. Directive 2013/39/EU of the
European Parliament and of the Council (08/12/2013).
2013, Official Journal (OJ L 226). Available from: http://
data.europa.eu/eli/dir/2013/39/0j.

Brack W, Escher BI, Miiller E, Schmitt-Jansen M,
Schulze T, Slobodnik J, Hollert H. Towards a holistic and
solution-oriented monitoring of chemical status of Euro-
pean water bodies: how to support the EU strategy for a
non-toxic environment? Environ Sci Eur. 2018;30:33. doi:
10.1186/s12302-018-0161-1

Brack W, Ait-Aissa S, Backhaus T, Dulio V, Escher BI,
Faust M. Effect-based methods are key. The European
Collaborative Project SOLUTIONS recommends inte-
grating effect-based methods for diagnosis and monitor-
ing of water quality. Environ Sci Eur. 2019;31:10. doi:
10.1186/512302-019-0192-2

Brack W, Dulio V, Slobodnik J. The NORMAN Network
and its activities on emerging environmental substances
with a focus on effect-directed analysis of complex envi-
ronmental contamination. Environ Sci Eur. 2012:24. doi:
10.1186/2190-4715-24-29

Di Paolo C, Ottermanns R, Keiter S, Ait-Aissa S, Bluhm
K, Brack W, et al. Bioassay battery interlaboratory in-
vestigation of emerging contaminants in spiked water
extracts — Towards the implementation of bioanalytical
monitoring tools in water quality assessment and moni-
toring. Water Res. 2016;104:473-84. doi: 10.1016/j.wa-
tres.2016.08.018

Wernersson AS, Carere M, Maggi C, Tusil P, Soldan P,
James A, Sanchez W, Dulio V, Broeg K, Rifferscheid G,
Buchinger S, Maas H, Van Der Grinten E, O'TooleS,
Ausili A et al. The European technical report on aquatic
effect-based monitoring tools under the water framework
directive. Environ Sci Eur. 2015;27. doi: 10.1186/512302-
015-0039-4

Manfreda S, Nardi F, Samela C, Grimaldi S, et al. In-
vestigation on the use of geomorphic approaches for the
delineation of flood prone areas. ] Hydrol. 2014;517:863-
76. doi: 10.1016/j.jhydrol.2014.06.009

Minissi S, Lombi E. Heavy metal content and mutagenic
activity, evaluated by Vicia faba micronucleus test, of
Tiber river sediments. Mutat Res. 1997;18:17-21. doi:
10.1016/51383-5718(97)00093-4

Patrolecco L, Capri, S, et al. Partition of nonylphenols
and related compounds among different aquatic com-
partments in Tiber River (Central Italy). Water Air Soil
Pollut. 2006;172: 151-66. doi: 10.1007/s11270-005-
9067-9

University for their support during the first steps of the
research. Special thanks to Alessandro Giuliani who
performed the statistical analysis, and to Stefania Mar-
cheggiani for supporting the site selection strategy.

Conflicts of interest statement
The authors declare no conflict of interest.

Received on 5 November 2019.
Accepted on 22 January 2020.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Patrolecco L, Ademollo N, et al. Occurrence of prior-
ity hazardous PAHs in water, suspended particulate
matter, sediment and common eels (Anguilla anguilla)
in the urban stretch of the River Tiber (Italy). Che-
mosphere.  2010;81:1386-92. doi:  10.1016/j.chemo-
sphere.2010.09.027

Montuori P, Aurino S, Garzonio F, et al. Estimates of
Tiber River organophosphate pesticide loads to the
Tyrrhenian Sea and ecological risk. Sci Total Environ.
2016;559:218-31. doi: 10.1016/j.scitotenv.2016.03.156
Sacca M, Ferrero V, Loos R, Di Lenola M, et al. Chemi-
cal mixtures and fluorescence in situ hybridization analy-
sis of natural microbial community in the Tiber river.
Sci Tot Environ. 2019;673:7-19. doi: 10.1016/j.scito-
tenv.2019.04.011

Grenni P, Ancona V, Caracciolo AB. Ecological effects of
antibiotics on natural ecosystems. A review. Microchem
J.2018;25-39. doi: 10.1016/j.microc.2017.02.006

15. ARPA Lazio. Dipartimento stato dell'ambiente —
Servizio monitoraggio delle risorse idriche in collabora-
zione con Servizio Tecnico — Aria Informazione e Re-
porting Ambientale. Stato Ecologico e Stato Chimico
dei Corsi d'acqua. Periodo di monitoraggio 2015-2017.
2018. Awvailable from: www.arpalazio.gov.it/ambiente/
acqua/doc/Quadro%20Stato%20Ecologico%20e%20Chi-
mico%202015-2017_Fiumi.pdf.

Sorace A, Colombari P, Cordiner E. Bird communi-
ties and extended biotic index (EBI) in some tribu-
taries of the Tiber river. Aquat Conserv Marine
Freshwater Ecosyst. 1999;9:279-90. doi: 10.1002/
(SICI)1099-0755(199905/06)9:3%3C279::AID-
AQC345%3E3.0.CO;2-4

Beltrami ME, Ciutti F, et al. Macroinvertebrates and
Diatoms in the Water Framework Directive 2000/60/EC:
comparing biological elements for an integrated water
quality assessment. Atti XVII Congresso dell'associazione
Italiana Oceanografia e Limnologia 2008;19:78-83. Avail-
able from: http://docplayer.it/8009152-Atti-associazione-
italiana-di-oceanologia-e-limnologia.html.

International Organization for Standardization. Interna-
tional Standard. ISO/IEC 17025:2017(E). 2018. Avail-
able from: www.iso.org/obp/ui/#iso:std:66912:en.
Organisation for Economic Co-operation and Devel-
opment. OECD N. 202 Guidelines for the Testing of
Chemicals, Section 2. Daphnia sp. Acute Immobilisa-
tion Test. 2004. Available from: www.oecd-ilibrary.org/
docserver/9789264069947-en.pdf?expires=1565707852
&id=id&accname=guest&checksum=D96791CF859D4
380060A7FAD9B415CE?7.

Organisation for Economic Co-operation and Devel-
opment. OECD N. 236 Guidelines for the Testing
of Chemicals, Section 2. Fish Embryo Acute Toxicity



EFFECT-BASED METHODS (EBMS) IMPLEMENTATION IN A RIVER BASIN OF CENTRAL ITALY

21.

22.

23.

24.

25.

(FET) Test. 2013. Available from: www.oecd-ilibrary.org/
docserver/9789264203709-en.pdf?expires=1565708007
&id=id&accname=guest&checksum=16B26 F8A53FFF
B1ED79116CC67BE39FE.

Cristiano W, Lacchetti I, Mancini L, et al. Promoting ze-
brafish embryo tool to identify the effects of chemicals
in the context of Water Framework Directive monitoring
and assessment. Microchem J. 2019;149. doi: 10.1016/.
microc.2019.104035

Carere M, Dulio V, Hanke G, Polesello S. Guidance for
sediment and biota monitoring under the Common Imple-
mentation Strategy for the Water Framework Directive.
TrAC. 2012;36:15-24. doi: 10.1016/j.trac.2012.03.005
Region of Lazio, Regional Functional Centre, Hydro-
graphic Office. Available from: www.idrografico.regione.
lazio.it/annali/index.htm.

Marcheggiani S, Cesarini G, Puccinelli C, et al. An Ital-
ian local study on assessment of the ecological and human
impact of water abstraction. Microchem J. 2019;149. doi:
10.1016/j.microc.2019.104016

Sobanska M, Scholz S, Nyman AM, Cesnaitis R, Gutier-
rez Alonso S, et al. Applicability of the fish embryo acute
toxicity (FET) test (OECD 236) in the regulatory context
of Registration, Evaluation, Authorisation, and Restric-
tion of Chemicals (REACH). Environ Toxicol Chem.
2018;37:657-70. doi: 10.1002/etc.4055

26.

27.

28.

29.

30.

Schewe ], Heinke J, Gerten D, Haddeland I, Arnell NW,
Clark DB, Dankers R, Eisner S, Fekete BM, et al. Multi-
model assessment of water scarcity under climate change.
Proc Nat Acad Sci USA 2014;111:3245-50. doi: 10.1073/
pnas.1222460110.

Garnier M, Holman I. Critical review of adaptation mea-
sures to reduce the vulnerability of European drinking
water resources to the pressures of climate change. En-
viron Manag. 2019;64:138-53. doi: 10.1007/s00267-019-
01184-5

Italian Legislative Decree n. 172/2015. Attuazione
della direttiva 2013/39/UE, che modifica le direttive
2000/60/CE per quanto riguarda le sostanze priori-
tarie nel settore della politica delle acque. GU n. 250,
27/10/2015. Available from: www.gazzettaufficiale.it/eli/
qw/2015/10/27/250/sg/pd.

Rizzoni M, Gustavino B, Ferrari C, Gatti LG, Fano EA.
An integrated approach to the assessment of the envi-
ronmental quality of the Tiber river in the urban area of
Rome: A mutagenesis assay (micronucleus test) and an
analysis of macrobenthic community structure. Sci Tot
Environ. 1995;162:127-37.

Busch W, Schmidt S, et al. Micropollutants in European
rivers. A mode of action survey to support the develop-
ment of effect-based tools for water monitoring. Environ
Toxicol Chem. 2016;35:1887-99. doi: 10.1002/etc.3460

—_
\S]
—

ORIGINAL ARTICLES AND REVIEWS . . -



—
s ore () 0 @

Ann Ist Super Sanita 2020 | Vol. 56, No. 1: 122-127
DOI: 10.4415/ANN_20_01_17

Identification of two novel LDLR
variants by Next Generation Sequencing

Simona Moffa:2, Giorgia Mazzuccatos, Maria De Boniss, Elisa De Paoliss,
Maria Elisabetta Onori:, Alfredo Pontecorvii2, Andrea Urbanis+, Andrea Giaccari:?,
Ettore Capoluongos and Angelo Minucci®

1Endocrinologia e Diabetologia, Fondazione Policlinico Universitario Agostino Gemelli IRCCS, Rome, Italy
2[stituto Patologia Speciale Medica, Universita Cattolica del Sacro Cuore, Rome, Italy

sUnita di Diagnostica Molecolare e Genomica, Fondazione Policlinico Universitario Agostino Gemelli
IRCCS, Rome, Italy

+Istituto di Biochimica e Biochimica Clinica, Universita Cattolica del Sacro Cuore, Rome, Italy

sUniversita Federico II-CEINGE, Biotecnologie Avanzate, Naples, Italy

Abstract Key words
Introduction. Familial hypercholesterolemia (FH) is an autosomal dominant inherited | © next generation
disease characterized by elevated plasma low-density lipoprotein cholesterol (LDL-C). sequencing
Targeted Next Generation Sequencing (NGS) is a new opportunity to expand the ex- | ® LDL-cholesterol
isting pathogenic variants (PVs) spectrum associated to FH. Our aim was to report a | ® FH-Devyser Kit
diagnostic NGS-based approach to detect variants associated to FH.  SmartSeq
Methods. We report two patients: a 48-year-old Asian woman, without known history | ¢ novel LDLR variants

of hypercholesterolemia and a 46-year-old Caucasian man, with childhood hypercholes-
terolemia.

Results. An effective NGS-based pipeline, FH-Devyser kit/Amplicon Suite, beginning
from sequencing to data analysis, did not identify known PVs in the LDLR, APOB,
APOE, LDLRAP1, STAP1 and PCSK9 genes, but revealed two novel LDLR variants
(c.1564A>T, p.1le522Phe and ¢.1688C>T, p.Pro563Leu).

Discussion and conclusions. This study showed that an effective NGS-based pipeline
led to a definitive diagnosis in two FH families, allowing to plan their therapeutic treat-
ment. Although the functional consequence of the two LDLR variants needs to be as-
sessed in vitro, the in silico analysis and high preservation of the two amino acid positions
observed in the LDLR protein, across different animal species, suggest that both variants
are deleterious.

INTRODUCTION

Three canonical genes underlie autosomal dominant

(NGS) allows molecular diagnostic laboratories to in-
crease sample throughput, to reduce the turn-around

familial hypercholesterolemia (ADFH): low-density
lipoprotein receptor (LDLR) (FH-type 1), apolipo-
protein B (APOB) (FH-type 2) and pro-protein con-
vertase subtilisin/kexin 9 (PCSK9) (FH-type 3). Other
genes, like signal transducing adaptor family member
1 (STAP1) (FH-type 4) and apolipoprotein E (APOE)
(FH-type 5) have been associated to some rare FH
forms [1]. In addition, FH-like phenotypes, with a re-
cessive transmission, are extremely rare. This group of
disorders includes the classic autosomal recessive hy-
percholesterolemia (ARH) caused by mutations in the
Low Density Lipoprotein Receptor Adaptor Protein 1
(LDLRAPI) gene [2].

Successful molecular diagnosis depends on the ability
of the designated method to identify molecular lesion
associated with FH [3]. Next Generation Sequencing

time and to analyse more disease-related genes simul-
taneously. As a result, recent studies demonstrated that
NGS-based assays are very useful and at the same time
cost effective for the genetic diagnosis of FH in primary
care [4]. However, the main challenge to translate NGS
in clinical practice is to develop a simple and robust
diagnostics and bioinformatics pipeline, fulfilling the
quality control requirements for clinical diagnosis.

We present an effective NGS-based pipeline, from
sequencing to data analysis, which identified two unre-
ported LDLR variants in two FH families.

CASES’ PRESENTATION
Case A

Index case A is a 48-year-old Asian woman, without
known history of hypercholesterolemia. During a rou-

Address for correspondence: Angelo Minucci, Molecular and Genomic Diagnostics Laboratory, Fondazione Policlinico Universitario Agostino Ge-
melli IRCCS, Largo Agostino Gemelli 8, 00168 Rome, Italy. E-mail: angelo.minucci@policlinicogemelli.it.
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tine blood examination, high LDL-C levels (324 mg/dl)
were revealed (Table 1). Deeper insights on her family
history disclosed two already deceased brothers from
heart attack at the age of 48 and 54, respectively. Her
parents’ medical history remained unclear. No tendon
xanthoma or corneal arcus were diagnosed during physi-
cal examination. The patient had no other cardio-vas-
cular (CV) risk factors as smoking, diabetes and CHD
history. Her body mass index was 21 kg/m2and she was
normotensive.

The patient’s Dutch Lipid Clinic Network diagnostic
criteria for FH score was 10, indicating a definite FH
diagnosis. Therefore, we performed genetic evaluation,
according with EAS/ESC guidelines [5]. Furthermore,
her 13-year-old son and 14-year-old daughter, whose
lipid profile (Table 1) was clearly indicative of FH, un-
derwent genetic testing.

Case B

Index case B is a 46-year-old Caucasian man, suffer-
ing from hypercholesterolemia since his childhood, in
absence of CV history. The patient complained about
muscle pain and cramps due to statin therapy, which
was, therefore, suspended for about a month. His blood
examination showed high LDL-C levels (313 mg/dl),
despite ongoing therapy with ezetimibe and fibrate (Ta-
ble 1). Family history revealed that his mother suffered
from severe hypercholesterolemia, even if no familial
CV events were reported. No tendon xanthoma or cor-
neal arcus were diagnosed during physical examination.
He did not show additional CV risk factors, such as
smoking and diabetes, while he presented with a nor-
mal BMI of 22 kg/m?and normotensive status.

Considering that his Dutch Score was 9, which is re-
lated to a definite diagnosis of FH, according with EAS/
ESC guidelines, the genetic evaluation was performed.

The two patients gave their written informed consent
prior to blood sampling. Genomic DNA was isolated
from peripheral blood by an automatic device (Mag-
Core HF16 Plus, Diatech Lab Line, Jesi, Italy). We
used 30 ng input DNA for the analysis with the NGS-
based method (Devyser FH kit, Devyser, Hdgersten,
Sweden). All exons, the exon—intron boundaries, 5' and
3' untranslated regions of six FH-related genes (LDLR,
APOB, PCSK9, LDLRAP1, APOE and STAP1) and
polymorphisms, associated with polygenic FH form and
statin treatment effects, were examined [6]. The design

was based on the human (Hg19) reference genome to
generate 200-bp amplicons by using 192 primer pairs
designed and mixed in a single tube. The Qubit® 2.0
Fluorometer 8 (Life Technologies) was used to normal-
ize the genomic DNA concentrations to 2 ng/pl. The
final libraries were quantified on Qubit®, diluted to a
concentration of approximately 7 pM and denatured to
ensure the efficient use of the MiSeq Reagent Kit (Il-
lumina, CA, USA).

MATERIALS AND METHODS
NGS pipeline and Sanger sequencing

Each NGS run consisted of eight FH samples
loaded on MiSeq Reagent Kit v2 Nano cartridge, us-
ing 2 x 150-bp paired-end chemistry, according to
manufacturer instructions. MiSeq-generated FASTQ
files were downloaded and processed using Amplicon
Suite software (SmartSeq s.rl, Novara, Italy) provid-
ing integrated tools for the analysis, visualization and
interpretation of NGS data. Proprietary algorithms
based on coverage depth and uniformity were applied
for copy number variation (CNV) detection in the
LDLR gene. Sanger sequencing was performed with
an Applied Biosystems 3500 Genetic Analyzer (Life
Technologies, Carlsbad, CA, USA). Sequence analy-
sis was carried out with the SeqScape Software v2.5.
The primers were designed by Primers 3 software
(http://primer3.ut.ee/). Their sequences were: forward
(F) 5-ACTGGATCCACAGCAACATCT-3’ and re-
verse (R) 5-TGGGATTACAGGTGCTTITGAG-3’ and
(F) 5-AGCTATTCTCTGTCCTCCCA-3' and (R)
5-CTTCAGGGAGCAGCTTGG-3, able to amplify
and sequence the LDLR exons 10 and 11, respectively.

Prediction of variant effects and species sequence
alignment

Four different programs were used to predict patho-
genicity of the two LDLR variants identified in this
study: Polymorphism Phenotyping version 2 (http://ge-
netics.bwh.harvard.eduw/pph2/), Sorting Intolerant From
Tolerant (http://sift.jevi.org/www/SIFT_enst_submit.
html), Mutation Taster (http://www.mutationtaster.org)
and Provean (http://provean.jcvi.org/index.php). In ad-
dition, multiple sequence alignment was created using
Clustal Omega (http://www.ebi.ac.uk/Tools/msa/clust-
alo/). The reference sequence used for LDLR protein
was P01130.1 (SwissProt).

I?p'?:jep:roﬁle of the two index cases and their family’s members. The values beyond the normal reference ranges are highlighted
in bold

Lipid fraction Case A CaseB Laboratory reference ranges*

(mg/dl)
Proband Son Doughter Proband -

Total cholesterol 406 319 302 402 <200

HDL-C 66 50 51 73 > 45

Triglycerides 78 62 72 82 20-170

LDL-C 324 258 237 313 <130

Apo-B 145 169 167 85 55-130

*target therapy ranges were instead defined according to ESC/EAS guidelines [5]
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addition, among more than 200 alleles routinely analysed

by NGS-based molecular screening, we did not identify
the two variants in other FH or healthy individuals.

RESULTS

FH testing obtained by NGS did not reveal any
known PVs in all genes investigated and no bioinfor-

matics algorithms were suggestive for the presence of

Other family members were not testable for the
variant p.(Pro563Leu). Instead, we conducted family

screening on two hypercholesterolemic subjects (the
patient’s sons) for the variant p.(Ile522Phe). Both sub-
jects resulted to be carriers of the variant, providing evi-
dence for his co-segregation genotype/phenotype.

of the p.(Ile522Phe) and

analysis

silico
p.(Pro563Leu) variants, performed with four different

prediction tools, suggested that both LDLR variants are
deleterious (Table 1). In addition, the alignment of the
amino acids in the LDLR protein across seven differ-

In

variants (c.1564A > T, coverage: 325/643X, allele fre-

quency: 50%, p.Ile522Phe) and ¢.1688C > T, coverage:
the variants is based on the LDLR sequence (NCBI

CNV in the LDLR gene. However, we found two LDLR
219/433X, allele frequency: 50%, p.Pro563Leu) in case
A and B, respectively (Figure 1). The nomenclature of
Reference Sequence: NM_000527.4; GRCh37), ac-
cording to the recommendations of the Human Ge-

ZLON J91dg

nome Variation Society (https://www.hgvs.org) (Table
2). Sanger sequencing confirmed the presence of both

variants on a second independent patient sample.

ent animal species, ranging from Homo sapiens to Ovis

aries (sheep), showed that two amino acids (in humans:

These variants were considered as novel since they were

neither found in ClinVar (https://www.ncbi.nlm.nih.gov/
clinvar/), Ensemble Human Genome Mutation (https:/

www.ensembl.org/index.html),

[le522, and Pro563) are highly preserved (Figure 2).

DISCUSSION

(http://exac.

ExAC

FH diagnosis is usually based on clinical features,
such as physical findings of tendon xanthomas or corne-

broadinstitute.org) nor 1000G (http://www.internation-

In

browsers.

algenome.org/1000-genomes-browsers/)
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BAM files visualized by the Integrative Genomics Viewer show the reads associated to c.1564A>T, p.(lle522Phe) (A) and ¢.1688C>T,

Figure 1

p.(Pro563Leu) (B) with a coverage of 325/643X (variant allele frequency: 50%) and 219/433X (variant allele frequency: 50%), respectively. The

arrows indicate the nucleotide position of the two LDLR variants.
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Table 2

Identities of the two LDLR variants and in silico prediction of their effect at protein level. Both variants show high scores of patho-
genicity for all four software used; following the ACMG guidelines, the ¢.1564A>T and the ¢.7688C>T can be classified as likely

pathogenic variants

Transcript Coding HGVS HGVS

Location Protein  Splice

PolyPhen-2 SIFT Mutation Provean ACMG

impact coding protein position distance (range: (cutoff=  Taster (cutoff = classification*
level 0-1) 0.05) -2.5)
NM_0005274 M C.1564A>T 1522F exon 10 206 of -23 Probably Damaging Disease Deleterious  Likely
p.(lle522Phe)  of 18 228 damaging (score = causing (score = pathogenic
(coding) (score = 0.001) -3.92) (PM1+PM2+
0.990) PP1+PP3)
M c.1688C>T P563L exon 11 102 of -18 Probably Damaging Disease Deleterious  Likely
p.(Pro563Leu) of 18 119 damaging (score=0) causing (score = pathogenic
(coding) (score =1) -9.39) (PM1+PM2+
PM5+PP3)

*Interpretation of variants pathogenicity based on the American the College of Medical Genetics and Genomics (ACMG) recommendations [15], i.e, PM1: located in a
mutational hot spot and/or in critical functional domain, PM2: absent from controls, PM5: novel missense change at amino acid residue where a different pathogenic
missense change has been seen before, PP1: co-segregation with disease in multiple affected family members, PP3: multiple lines of computational evidence support

a deleterious effect on the gene or gene product.

al arcus, cardio-vascular heart disease history, and high
LDL-C concentrations. About 50% of heterozygous
FH patients lack obvious phenotypes. Thus, many pa-
tients are underdiagnosed until they suffer from acute
cardio-vascular events [7]. Previous studies indicated
that in many countries less than 1% of FH individuals
were correctly diagnosed with FH [8], partly due to the
lack of reliable cost-effective genetic testing.

Genetic testing can provide a definitive diagnosis.
Possible benefits include individual patient manage-
ment. For instance, heterozygous FH from CNVs
seems to be a more severe phenotype than FH com-
pared to single nucleotide variants. Genetic diagnosis
could reduce delays for appropriate treatment, possi-
bly more aggressive LDL-C lowering strategies [9, 10].
Additionally, for some monogenic dyslipidaemias, a
genetic diagnosis is needed to ensure funding for new-
er therapies. This is the case of inhibitors of PCSK9,
where, in certain jurisdictions, third party private cov-
erage for the treatment of FH requires a genetic diag-
nosis [11, 12].

In different FH patient cohorts, PVs in LDLR gene
are found in more than 85-90% of FH cases and more
than 1800 PVs of this gene have been reported and an-
notated in the UCL database (http://www.ucl.ac.uk/
1dl/LOVDv. 1.1.07)

The heterogeneity of FH-causing variants supports
the sequencing-based techniques as the primary meth-
odology to detect the disease and recent advances im-
proved accessibility for diagnostic use. This is the case
of the targeted NGS in which only genes specifically
involved in FH pathogenesis are screened.

In the present study, targeted sequencing of six genes
(LDLR, APOB, PCSK9, APOE, LDLRAP1 and STAP1I)
performed by an effective NGS-based molecular pipe-
line (FH-Devyser Kit/Amplicon Suite software) allowed to
identify two novel LDLR variants.

The first, namely ¢.1564A>T, causes substitution of
isoleucine for phenylalanine residue (p.Ile522Phe) in
the LDL-receptor class B3 domain (486-528aa). The
second, ¢.1688C>T, causes substitution of proline for
leucine residue (p.Pro563Leu) in the LDL-receptor
class B4 domain (529-572 aa). Both variants are locat-

ed in the very conservative $3-propeller domain, in the
YWTD 3 and 4 repeats of the LDLR receptor, respec-
tively [ 13]. Both protein positions result to be extremely
conserved in the species in which they were analysed.
For this reason, in silico predictions performed with four
different tools, using mainly amino acid conservation
analysis, suggested that both LDLR variants are del-
eterious. Furthermore, at least in the family with the
p.(Ile522Phe) variant, this FH-related mutation segre-
gates with high serum LDL-C levels, linking the variant
with the phenotype.

In addition, the p.(Pro563Leu) variant occurs at the
same position as other pathogenic missense changes:
the ¢.1688C>A, 15879254987, (p.Pro563His) and the
c.1687C>T, 1879254986, p.(Pro563Ser). Regarding
the ¢.1564A>T variant, we underline that it is in the
proximity of three missense substitutions: ¢. 1567G>A,
rs28942080, p.(Val523Met), ¢.1567G>T, rs28942080,
p.(Val523Leu) and c.1561G>A, 15879254940,
p.(Ala521Thr), showing discordant pathogenicity
data. We underline that these findings provide further
evidence in order to consider p.(Pro563Leu) and
(p.Ile522Phe) as deleterious variants.

CONCLUSIONS

In this study, targeted sequencing of six genes (LDLR,
APOB, PCSK9, APOE, LDLRAP1 and STAP1) per-
formed by an effective NGS-based molecular approach
(FH-Devyser Kit/Amplicon Suite software) allowed to iden-
tify two novel LDLR variants in FH families. Although
the functional consequence of the p.(Ile522Phe) and
the p.(Pro563Leu) variants remains to be determined
in vitro, we believe these substitutions should be consid-
ered as “likely pathogenic variants”.

Finally, we underline that NGS integration with other
molecular and cellular techniques, to assess the signifi-
cance of VUS or novel variants, will improve the sen-
sitivity of FH testing entirely, supporting personalized
medicine.
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Figure 2

The alignment of the LDLR aminoacids in seven different species and a consensus of 89 YWTD domains (CONS_Y3 and Y4) are shown. The
residues predicted to be in b-strand [13,14] are highlighted in grey. The amino acids (SP|P01130|LDLR_HUMAN: lle522, and Pro563) show high

conservation between the species analysed.
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Adelphi cBook
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LAYMENTE
DEL'CORYO

[Mind of the raven]

ADELPHI

“Everything you always wanted to know about the
raven, and never dared to ask”. This could be an ap-
propriate title for this effort by Bernd Heinrich, who
is rightly so considered a passionate and extremely
knowledgeable expert of raven’s biology and behavior.
We remember his title from 1989 (Ravens in winter),
mainly focused on feeding habits of these wonderful
birds, and their propensity (or not) to share their food
with conspecifics. This time the approach is wider, and
Heinrich explores many dimensions of ravens’ ecology
and ethology, and the tale is full of surprises and fas-
cinating findings. For example, I particularly enjoyed
the parts dedicated to pair bonding and the feeding of
chicks, as well as the pages which describe the ravens
hiding foods, which lead to interesting hypothesis about
cognitive abilities of this species. The parallel with the
formidable abilities of scrub jays in remembering where
the food has been hidden, comes obviously to mind.

The author’s approach when studying his subjects is
pretty physical: it includes climbing high trees in the early
hours of morning, or carrying heavy carcasses of prey ani-
mals in the snow, without mentioning remaining motion-
less for hours in the freezing cold waiting for the ravens
to appear. All of this has to do with an attitude towards
field ethology that often goes beyond the merely observ-
ing animals in nature, but to actually perform behavioural
experiments in the field. This is one of the most captivat-
ing aspects of this book: the curiosity drives the authors,
and his students, to ask questions to those beautiful
birds, through simple and provoking modifications of the
ravens’ environments (modifying number of eggs in the
nest, hiding food under the snow, presenting unfamiliar
objects, etc.). Heinrich also makes use of a large aviary
near his house, where he keeps most of his experimental
subjects. A large part of his observations, described in the
book, comes from this open-air laboratory.

Through these pages, we learn the characters and mo-
tivations of different subjects, when they respond to the
stimuli and challenges proposed by the researcher. The
biology of the ravens, is described in details through 28

chapters. It seems a lot, the book runs for more than 500
pages, but it is surprising how the pages rarely cease to
entertain, and I personally was never tired of hearing an-
other adventure of “Pennabianca” and “Golia”. The indi-
viduals Heinrich knows best are named, and this is not
a case: as a matter of fact, Heinrich offers undeniable
observational proofs that the term “personality” and “in-
dividual” belongs not only to humans and their primate
cousins, but to other seemingly distant animals, such as
birds. This is a trend which is now well established in
the ethological literature. Personalities traits similar to
humans were first described for non-human primates,
but now papers are published which describe personality
profiles in invertebrates (such as spiders, for example).
Therefore, it is really no surprise that individual ravens
are described in this book nearly like humans, and the
reader finds easy and satisfying to feel empathy for the
adventures of these volatiles. However, anthropomor-
phism is not what this book is about. Bernd Heinrich is
a well-respected and known researcher in behavior and
ecology: he has studied and published work on insects,
environment, general ethology and...running marathons!
(Heinrich is a champion of long-distance running).

So, perhaps this book is less didactic that his previous
effort on ravens’ behavior, but nevertheless its rich hy-
pothesis grounded in behavioural ecology, and predic-
tions derived from the knowledge of birds behavior and
evolutionary principles. I found particularly fascinating
the description of the relationship between ravens and
wolves. The final picture describes a sort of mutualism
between the two species, which recall the mutualism
existing between local populations of humans and hon-
eyguide birds in Africa.

Mind of the raven (translated in Italian as “La mente
del corvo”) is a very appropriate title. As a matter of
fact, the book is a journey in the mind of these animals.
We learn about their motivations, their feelings, and
the relation between these and their behavior. It is also
laudable the fact that the author, although enthusiastic
about the cognitive capacities of these birds, never falls
(as said before) in the trap of attributing human-like
sentience or reasoning abilities, but he remains within
the boundaries of acceptable scientific explanations
even for the more impressive, cognitively speaking, ra-
vens’ behavioural manifestations.

And then, the final chapter of the book summarises
very well the attitude and the underlying feeling which run
through the previous pages. Love and passion for these
creatures and scientific questions are strongly linked.

Who is the audience for this book? My instinctual an-
swer would be “anybody really”. Students, researchers
in ecology and evolution, bird-watchers, nature lovers
(some of these categories happily overlap). I also think
that the book is full of examples, as I have already said
before, that could be used in ethology courses to explain



students the “hypothesis-predictions” methodological
paradigm to approach the study of animal behavior.

Therefore, this book is entertaining, fascinating, easy
to read and engaging (pictures and drawings in the text
are very beautiful as well). At the end, it is very hard not
to fall in love with these extraordinary birds.

Augusto Vitale

Reference Center for Behavioural Sciences
and Mental Health

Istituto Superiore di Sanita, Rome, Italy
Augusto.vitale@iss. it
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["Malaterra”: how they
poisoned Italy]

The eco-toxicological and epidemiological research
line situation (mainly, abnormal levels of oncological
patients, malformations at birth, etc.) represented a
pivotal and emerging issue in the last two or three de-
cades. Such a trend undoubtedly occurred at a global
level, yet Europe, and particularly some Italian areas,
suffered more because of their management difficulties.

The Italian scenario witnesses, in fact, an historical
series of “special cases” which are described in the pres-
ent book. Single chapters are dedicated to the follow-
ing Italian geographical areas, selected on the basis of
their mediatic and eco-toxicological interest: Seveso
(summarily quoted) Brescia, the Sacco River area, the
Taranto Gulf and its local heavy industries, Porto Mar-
ghera (Venice area, chemical pollution in marine coast-
al zones), Montichiari (a minor community south-east
of Brescia), Portoscuso (Sardinia).

They mostly concern notorious ecotoxicological situ-
ations, as SICs (“ecologically hot” sites of special EU
interest), which already attracted years of biomedical
and public health attention.

A major problem concerned, and still concerns, the
sometimes “irrational” reaction of the “ordinary people”,
especially those spending their entire lives within the
boundaries of recognized SICs: but, also, specific vul-
nerable populations living outside those recognised SIC
zones, but somehow involved in such a potentially harm-
ful effect. In particular, pregnant women, neonates,
early-, middle- and/or late-adolescents, elderly people
as well as patients affected by specific pathologies ren-

dering them highly fragile subjects in the case of even
short- and/or mild-level exposure to toxicants, includ-
ing subtle behavioural (e.g. infantile learning, school
achievements, etc.) effects caused by neurotoxicants.
For these national priorities our ISS (Istituto Superiore
di Sanita, Italian National Institute of Health) devoted,
since this year, a specific high-level inter-departmental
structure named “Infantile health and environmental
pollution” with its coordination attributed to the “Envi-
ronment and health” (DAMS) ISS Department.

The author Marina Forti is a recognized journalist and
writer. She is endowed by a double journalistic specializa-
tion. Firstly, she is a mature expert of foreign affairs and
policies, with a particular interest in contemporary prob-
lems experienced by women. The countries she has been
travelling and spending consistent periods of time had
been and still are Iran, Southern and South-East Asia.

Secondly, her marked interest in “ecological problems”
also aroused a long time ago. She was, for several years,
columnist and media active in this field, also receiving
the prestigious prize “Premiolino” in 1999 for her long
effort as an ecology problems reporter. As a whole, her
approach is undoubtedly the one of “a serious journal-
ist”, including in the various chapters, among various
other aspects, a variety of direct interviews with well-
selected opinion leaders, soundly representatives of the
[talian scientific community: therefore “translating” and
condensing their ideas, point of views and methodologi-
cal approaches. This is (in, of course, a summarized and
made “digestible” version for the general readership) a
rather fragile attempt, especially when reporting of hot
and necessarily alarming issues such as not enough as-
sessed risk or exposure level, the latter in turn often be-
ing the result of multiple concurrent toxicants, difficult
to disentangle in terms of actual arm. In general, she
does prefer a “principle of precaution” approach.

It is however noticeable that Forti in her final formal
thanks at the end of her book mentions, among many
others, scientific experts of the calibre of epidemiologist
Pietro Comba (active for a few decades at ISS and also
recipient of the honorary citizenship by Casale Monfer-
rato for his invaluable multi-annual involvement in assess-
ing local mesothelioma spreading) and Gianni Tognoni,
active at the Milan-based Istituto Mario Negri, a top in-
stitution which for a long time showed a regular complic-
ity with Italian (a more recently European) media world.

Therefore, this book, in reality a kind of collection
of Italian special cases, which unfortunately may also
attract biased geographical readership, is recommend-
ed to policy makers as well as to sensitive yet experi-
enced public health officials. It also contains a rather
expanded apparatus of grey literature quotations in its
final notes, also including a good sitographic list. It may
deserve an English version.

Stella Falsini, Enrico Alleva

Reference Centre for Behavioural Sciences
and Mental Health

Istituto Superiore di Sanita, Rome, Italy
enrico.alleva@iss. it

129

Book ReviEws, NOTES AND COMMENTS [j C] [j



—_
PUBLICATIONS FROM INTERNATIONAL ORGANIZATIONS [j E] [j w

Ann Ist Super Sanita 2020 | Vol. 56, No. 1: 130-132

DOI: 10.4415/ANN_20_01_20

PUBLICATIONS FROM INTERNATIONAL ORGANIZATIONS

ON PuBLic HEALTH

Edited by
Anna Maria Rossi

FOOD AND AGRICULTURE ORGANIZATION
OF THE UNITED NATIONS (FAO)

Antimicrobial movement from agricultural areas
to the environment: The missing link. A role for
nuclear techniques. Rome: Food and Agriculture Or-
ganization of the United Nations. 2019, 44 p. ISBN
978 92 513 1648 1 Antimicrobials (AM) play a critical
role in the treatment of human and animal (aquatic and
terrestrial) diseases, which has led to their widespread
application and use. Antimicrobial resistance (AMR)
is the ability of microorganisms (e.g. bacteria, viruses
and some parasites) to stop an antibiotic, such as an
antimicrobial, antiviral or antimalarial, from working
against them. Globally, about 700000 deaths per year
arise from resistant infections as a result of the fact that
antimicrobial drugs have become less effective at kill-
ing resistant pathogens. Antimicrobial chemicals that
are present in environmental compartments can trig-
ger the development of AMR. These chemicals can
also cause antibiotic-resistant bacteria (ARB) to further
spread antibiotic resistance genes (ARG) because they
may have an evolutionary advantage over non-resistant
bacteria. This paper will provide alternative screening
methods useful for environmental samples and surveil-
lance approaches in planning such screening efforts.
Based on case studies, this paper aims to summarize
the current understanding of the occurrence of ARG in
the environment, and the antimicrobial movement from
agricultural areas to the environment.

Taking a multisectoral, One Health approach: A
tripartite guide to addressing zoonotic diseases
in countries. Food and Agriculture Organization of
the United Nations, World Organisation for Animal
Health, World Health Organization 2019, 164 p. ISBN
978 92 513 1236 0 Every day we hear about health chal-
lenges at the human-animal-environment interface. Zo-
onotic diseases such as avian influenza, rabies, Ebola,
and Rift Valley fever continue to have major impacts
on health, livelihoods, and economies. These health
threats cannot be effectively addressed by one sector
alone. Multidisciplinary and multisectoral collaboration
is needed to tackle them and to reduce their impacts.
As a way to support countries in taking a One Health
approach to address zoonotic diseases, this guide has
been jointly developed by the Tripartite organizations
(FAO, OIE, and WHO). It is referred to as the Tripar-
tite Zoonotic Guide (TZG) and it is flexible enough to
be used for other health threats at the human-animal-
environment interface; for example, food safety and
antimicrobial resistance (AMR). The TZG provides

principles, best practices and options to assist countries
in achieving sustainable and functional collaboration at
the human-animal-environment interface.

INTERNATIONAL LABOUR ORGANIZATION
(ILO)

Bureau for Employers’ Activities (ACT/EMP). Women
in Business and Management: The business case
for change. Geneva: ILO. 2019, 149 p. ISBN 978
92 213 3168 1 This second global report on Women
in Business and Management offers new insights into
how gender diversity at the top improves organizational
performance. These include how the many dimensions
of an organization’s policies, a gender-balanced work-
force and a gender-inclusive culture, among other fac-
tors, move the needle for more women to hold decision-
making power.

ORGANISATION FOR ECONOMIC

CO-OPERATION AND DEVELOPMENT
(OECD)

The digitalisation of science, technology and in-
novation. Key developments and policies. Par-
is; OECD. 2020, 182 p. ISBN 978 92 644 2725 9
doi:10.1787/b9e4a2c0-en This report examines digitali-
sation’s effects on science, technology and innovation
and the associated consequences for policy. In varied
and far-reaching ways, digital technologies are changing
how scientists work, collaborate and publish. While ex-
amining these developments, this book also assesses the
effects of digitalisation on longstanding policy themes,
from access to publicly funded research data, to the dif-
fusion of technology and its absorption by firms. New
and emerging topics are also explored. These include
the roles of artificial intelligence and blockchain in sci-
ence and production, using digital technology to draw
on the collective intelligence of the scientific commu-
nity, advances in the digitalisation of biotechnology, and
possible “dark sides” of digitalisation.

Rochai M, Faldutoi C. Key questions guiding the
process of setting up long-term low-emissions
development strategies. Paris: OECD. 2019, 52 p.
doi:10.1787/54c2d2cc-en The Paris Agreement states
that all countries should strive to formulate and com-
municate long-term low greenhouse gas emission de-
velopment strategies (LI-LEDS) and the Paris Agree-



ment’s accompanying decision invites countries to
communicate a UI-LEDS by 2020. LT-LEDS are a
fundamental tool available to countries to envision low-
emission development in alignment with broader sus-
tainability, socio-economic and climate change adapta-
tion goals. This document aims to support countries’
efforts in the development of LT-LEDS, as it provides
points of reflection for the establishment of an effective
process for developing LT-LEDS. The document dis-
cusses potential elements to be included in a LT-LEDS;
identifies and explores potential linkages between Na-
tionally Determined Contributions (NDCs) and LT-
LEDS; examines governance options for setting up a
LT-LEDS process and analyses countries’ experience to
date in developing LI-LEDS. The paper also provides a
set of guiding questions useful for the development of

LT-LEDS.

Main science and technology indicators. Paris:
OECD. 2019, Issue 1 This biannual publication pro-
vides a set of indicators that reflect the level and struc-
ture of the efforts undertaken by OECD member coun-
tries and seven non-member economies (Argentina,
People’s Republic of China, Romania, Russian Federa-
tion, Singapore, South Africa, Chinese Taipei) in the
field of science and technology. These data include final
or provisional results as well as forecasts established
by government authorities. The indicators cover the
resources devoted to research and development, pat-
ent families and international trade in R&D-intensive
industries. Also presented are the underlying economic
series used to calculate these indicators. Series are pre-
sented for a reference year and for the last six years for
which data are available.

UNITED NATIONS PROGRAMME ON HIV/
AIDS (UNAIDS)

Cities on the road to success - Good practices in
the Fast-Track cities initiative to end AIDS. Ge-
neva: Joint United Nations Programme on HIV/AIDS.
December 2019, 96 p. (UNAIDS/JC2969). The Fast-
Track cities initiative was launched in 2014 when may-
ors from 26 global cities met and endorsed the Paris
Declaration on Fast-Track Cities Ending the AIDS Epi-
demic (the Paris Declaration). Since then, more than
300 cities and municipalities have endorsed the decla-
ration. Cities play a critical role in both the AIDS epi-
demic and the response. On the one hand, more than
half of the world’s population currently lives in cities,
and in most countries, cities account for a large and
growing proportion of the national HIV burden. Risk
and vulnerability to HIV is often higher in cities than
rural areas due to a range of factors, such as migration,
overcrowding, and social and economic inequalities.
Urbanization may also bring about cultural and social
changes that provide increased opportunities for HIV
risk behaviour, and key populations, who are at higher
risk of HIV exposure, are often concentrated in urban
areas. On the other hand, cities offer advantages and

important opportunities for programming, effective ac-
tion and innovations to end AIDS. This report describes
activities and good practices from a selection of Fast-
Track cities that represent a range of experiences: from
low-burden, high-income countries in the global north
to high- and low-burden countries in Africa, Asia, east-
ern Europe, Latin America and the Caribbean. These
are examples of cities that have addressed barriers to
the response and optimized service delivery to all citi-
zens, including marginalized and vulnerable popula-
tions. This report also describes innovative approaches
that have strengthened HIV prevention and treatment
services and improved outcomes in the HIV response.

Global AIDS Monitoring 2020. Indicators for
monitoring the 2016 Political Declaration on
Ending AIDS. Geneva: Joint United Nations Pro-
gramme on HIV/AIDS. 2019, 176 p. The purpose of
this document is to provide guidance to national AIDS
programmes and partners on the use of indicators to
measure and report on the country HIV response. It
focuses on the five-year period ending in 2021, but it
also covers the period of the Sustainable Development
Goals (SDGs) (through 2030) and the integration of
the global HIV response into the broader develop-
ment agenda. Although governments have adopted the
2016 Political Declaration on Ending AIDS, its vision
extends far beyond the government sector, reaching
private industry and labour groups, faith-based organi-
zations, nongovernmental organizations (NGOs) and
other civil society entities, including those representing
people living with HIV. As indicated in the 2016 Po-
litical Declaration on Ending AIDS, a successful AIDS
response should be measured by the achievement of
concrete, time-bound targets. These guidelines are de-
signed to improve the quality and consistency of data
collected at the country level, enhancing the accuracy
of the conclusions drawn at the national, regional and
global levels. Countries should also develop national
and programme indicators that capture the specific
goals of both their national strategic plan for HIV and
their particular context.

UNITED NATIONS ENVIRONMENT
PROGRAMME (UNEP)

Emissions Gap Report 2019. Nairobi: United Na-
tions Environment Programme. 2019, 108 p. This tenth
edition of UNEP Emissions Gap Report presents the
latest data on the expected gap in 2030 for the 1.5°C
and 2°C temperature targets of the Paris Agreement.
It provides an independent . assessment of scientific
studies on current and estimated future greenhouse gas
(GHG) emissions and compares these with the emis-
sion levels permissible for the world to progress on a
least-cost pathway to achieve the goals of the Paris
Agreement. This difference between “where we are like-
ly to be and where we need to be” has become known
as the ‘emissions gap’. As in previous years, this report
explores some of the most promising and applicable op-
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tions available for countries to bridge the gap, with a fo-
cus on how to create transformational change and just
transitions. It looks at the potential of the energy transi-
tion — particularly in the power, transport and buildings
sectors — and efficiency in the use of materials such as
iron steel and cement. Reflecting on the report’s overall
conclusions, it is evident that incremental changes will
not be enough and there is a need for rapid and trans-
formational action. It shows that despite a decade of
increased focus on climate change, global GHG emis-
sions have not been curbed and the emissions gap is
now larger than ever. It is clear that the world cannot
afford another decade lost. For the first time, it looks at
how large annual cuts would need to be from 2020 to
2030 to stay on track to meeting the Paris goals.

Boileau P, Ekins P, Gupta J. (Eds.) Global Environ-
ment Outlook — GEO-6: healthy planet, healthy
people. Nairobi: United Nations Environment Pro-
gramme. 2019, 745 p. Job Number: DEW/2214/NA
ISBN 978 11 087 0766 4 doi:10.1017/9781108627146
UN Environment’s sixth Global Environment Outlook
(2019) calls on decision makers to take immediate ac-
tion to address pressing environmental issues to achieve
the Sustainable Development Goals as well as other In-
ternationally Agreed Environment Goals, such as the
Paris Agreement. By bringing together a community of
hundreds of scientists, peer reviewers and collaborat-
ing institutions and partners, the GEO reports build on
sound scientific knowledge to provide governments, lo-
cal authorities, businesses and individual citizens with
the information needed to guide societies to a truly sus-
tainable world by 2050. GEO-6 builds on the findings
of previous GEO reports, including the six regional as-
sessments (2016), and outlines the current state of the
environment, illustrates possible future environmental
trends and analyses the effectiveness of policies. This
flagship report shows how governments can put the
world on the path to a truly sustainable future. It em-
phasizes that urgent and inclusive action is needed by
decision makers at all levels to achieve a healthy planet
with healthy people.

WORLD HEALTH ORGANIZATION (WHO)

Inequality monitoring in immunization: a step-
by-step manual. Geneva: World Health Organization.
2019, 81 p. CHF 20.00/US $ 20.00 Order Number:
19300407 ISBN 978 92 415 1653 2. The manual is an
introductory guide to inequality monitoring in the topic
of immunization. Aiming to build capacity for the up-
take and improvement of inequality monitoring practic-
es in immunization, the manual was primarily designed

for monitoring and evaluation officers for immuniza-
tion, and may also be of interest for other readers with
basic knowledge and experience working with immu-
nization data. It is organized in five sections, illustrat-
ing how the five steps (and corresponding sub-steps)
of health inequality monitoring apply to immunization.
From the first step of determining the scope of moni-
toring to the fifth step of knowledge translation, con-
temporary considerations and examples for immuniza-
tion inequality monitoring are highlighted. Step-by-step
guidance, including key questions and best practices for
each sub-step, are summarized in a flow chart. Addi-
tional information is provided through appendices and
a glossary of terms.

WHO Report on the Global Tobacco Epidemic.
Geneva: World Health Organization. 2019, 210 p.
CHEF 40.00/US $ 0.00 ISBN 978 92 415 1620 4. The
report tracks the status of the tobacco epidemic and
interventions to combat it. It finds that more countries
have implemented tobacco control policies, ranging
from graphic pack warnings and advertising bans to
no smoking areas. About 5 billion people — 65% of the
world’s population — are covered by at least one compre-
hensive tobacco control measure, which has more than
quadrupled since 2007 when only 1 billion people and
15% of the world’s population were covered.

Vaccarella S, Lortet-Tieulent J, Saracci R, et al. Reduc-
ing social inequalities in cancer: evidence and pri-
orities for research. Geneva: World Health Organi-
zation. 2019, 272 p. (IARC Scientific Publication; 168)
CHF 50.00/US $ 50.00 Order Number: 17300168
ISBN 978 92 832 2223 7. This volume summarizes
the current scientific evidence and identifies research
priorities needed to decrease social inequalities in can-
cer. The publication, based on the expert knowledge of
more than 70 international scientists from multiple dis-
ciplines, undertakes a populations-within-populations
approach, highlighting the large variations in cancer
incidence, survival, and mortality that exist between
countries and, within countries, between social groups.
Several factors may lead individuals with low social sta-
tus to adopt unhealthy behaviours, to be exposed to a
wider range and a higher intensity of cancer risk fac-
tors, and to have reduced access to health-care services,
compared with their fellow citizens. A special focus is
given to how the phenomenon of inequalities in cancer
evolves and is reshaped over time, driven by economic,
social, political, legislative, and technological forces; it
affects everyone, but the most disadvantaged individu-
als are particularly hard hit. This publication was devel-
oped to serve as a reference for policy-makers and pub-
lic health officials, linking to specific examples of inter-
ventions that may reduce future inequalities in cancer.
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