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SUMMARY

The Italian Interministerial Decree of February 11, 2021, introduces the diesel engine exhaust (DDE) among the
carcinogenic occupational compounds, also establishing an occupational exposure limit. Elemental carbon (EC), im-
properly called black carbon, has been proposed as a tracer of DDE exposure; EC is the carbon that is quantified in the
ambient matrixes after all the organic carbon has been removed; traditionally, EC is measured with a thermo-optical
analytical technique. EC determination and relative interpretation are challenging for the following reasons: (i) the
scarce availability of equipped laboratories hampers EC analysis, (ii) EC interpretation is not easy due to the lack of
reference values. Finally, (iii) the limit value of 0.050 mg/m3 of EC in the workplace appears too high compared to
recently published exposure data. All these aspects stimulate a reflection on the significance of EC data in the context

of both occupational hygiene and occupational medicine.

1. INTRODUCTION

Today, diesel engines are still widely used because
they are efficient, durable, and with low mainte-
nance, especially for heavy vehicles. They have been
used on a large scale since the 1930s, first in mines
and then in railway locomotives. For heavy vehicles,
they appeared on the market in 1950 and became
dominant between 1960 and 1970 [1]. Fire engines
have been equipped with diesel engines since the
1960s, but the first measures taken to reduce expo-
sure in car workshops date back to the 1980s, as re-

ported in the IARC Monograph on “Occupational

Received 06.06.2024 - Accepted 26.07.2024

Exposure as a Firefighter” [2]. Since then, diesel
engines have been widely used in various indus-
tries: transport, construction, agriculture, marine,
manufacturing and mining, to power various vehi-
cles, equipment and machinery. The most studied
sectors for this type of exposure in scientific litera-
ture are mines and underground works [3]. Instead,
the starting point for assessing occupational expo-
sure to Diesel Dust Exhaust (DDE) is 2012, when
TARC classified DDE as a Group 1 carcinogen [4].
Previously, it was considered a possible carcinogen.
Data from the European Union’s Roadmap on car-

cinogens [5] shows the scale of occupational DDE

*Corresponding Author: Massimo Corradi; E-mail: massimo.corradi@unipr.it
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exposure: (i) more than 3.6 million workers in
Europe are exposed to DDE; (ii) almost 4700 cases
of lung cancer and over 4200 deaths are reported
each year; (iii) workers who are frequently exposed
to DDE in the course of their work have a 40%
increased risk of developing lung cancer.

The assessment of exposure to DDE follows
the International Labour Organizations (ILO)
three-step process [6]: (i) hazard identification,
(ii) workplace exposure assessment, (iii) identifica-
tion of operating conditions and risk management
measures (RMM) to control the risks.

Regarding the exposure assessment to DDE in
Italy, a key milestone is the publication of the Inter-
ministerial Decree of February 11, 2021 [7], which
implements EU Directive 130/2019 [8]. This decree
adds “Oils previously used in internal combustion
engines” and “exhaust emissions from diesel engines”
to Legislative Decree 81/08, increasing the num-
ber of processes involving exposure to carcinogens
from six to eight (“crystalline free silica” being the
last included in 2020 by Legislative decree 44/2020)
[9]. At the same time, the Interministerial Decree
of February 11, 2021, introduces into the Legislative
Decree 81/08 an occupational exposure level (OEL)
tor DDE, expressed as an airborne concentration of
0.05 mg/m’ in elemental carbon (EC). This OEL
value came into force on February 21, 2023, except
tor underground work, which will come into force in
2026.The choice of an OEL expressed as EC is not
based on the toxicological properties of this element
but rather on the fact that EC is the main diesel
exhaust component [10]. The existence of an OEL
for carcinogenic DDE means that this value should
never be exceeded and, in this case, work activity
must be stopped. Therefore, exceeding the limit value

has important implications for the work activity, as
well as for exposure control and health surveillance.
'The reference for discussing in detail the reasons be-
hind the choice of the current occupational exposure
limit must be sought in the official opinion of the
SCOEL 2017 [11], reporting that it is not yet pos-
sible to establish “a critical threshold that could serve
for the derivation of an OEL”. Information provided
by IARC also confirms that it is not possible to es-
tablish a critical health-based threshold for DEE but,
in turn, this Agency suggests using EC, a significant
percentage of DEE emissions, as an exposure indica-
tor (as reported in art. 16 Directive 130/2019) [8].

Nevertheless, the choice of EC as a tracer in-
volves several critical issues for its complex quantita-
tive determination since EC is the carbon obtained
by thermal volatilization under the flow of an inert
gas, followed by oxidation to carbon dioxide (CO,).
Moreover, several critical issues are known for
quantitatively assessing DDE exposure in difterent
workplaces [12, 13]. Considering that diesel partic-
ulates contain carbon as EC and black carbon (BC),
defining which particle size fraction best suits diesel
exhaust sampling in workplaces is also a priority.

In light of the above considerations, this article
analyzes these critical aspects, trying to explore the
possible impact of the application of the Italian In-
terministerial Decree on February 11, 2021, on the
practices of occupational hygiene and occupational
medicine.

2. OCcCUPATIONAL EXPOSURE TO DDE
Table 1 shows some work activities and/or

macro-sectors with possible different types of expo-
sures related to work environment and/or specific

Table 1. Some environmental and work occupational exposures to diesel dust exhaust.

Occupational sectors Workshops Industries Constructions

Indoor Mechanics Compressor / Generator Operators Miners
Firefighters Waste Collectors Masons / Builders
Administratives Maritimes Airport Workers

Outdoor Firefighters Carpenters Masons / Builders

Taxi Drivers
Bus Drivers

Truckers

Waste Collectors
Maritimes

Forklift operators

Forklift operators
Airport Workers
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tasks [14], highlighting that occupational expo-
sure can vary for the same type of work indoors or
outdoors. Short-term exposure to DDE can cause
irritation of the eyes, nose, throat, and lungs. Pro-
longed exposure may increase the risk of develop-
ing chronic respiratory diseases and, in particular,
lung cancer [14, 15]. DDE (as solid particulate
matter and gaseous pollutants) can induce and de-
velop cellular inflammation in the upper and lower
airways. Moreover, DDEs are responsible for pro-
inflammatory and pro-allergenic effects [16].

3. THE DusT DIESEL EXHAUST

3.1. Diesel Fuel

Diesel fuel is a derivative of petroleum that con-
tains hydrocarbons from nine to twenty carbon
atoms. Aromatic hydrocarbons account for about
30% of the fuel, sulfur content is less than ten parts
per million (ppm), and the percentage of polycy-
clic aromatic hydrocarbons (PAH) is less than 8%
[17]. Diesel fuel, mixed with air (nitrogen and oxy-
gen) at high pressure in the combustion chamber,
ignites spontaneously due to the high temperature.
'The diesel engine uses heat to convert the chemical
energy in the fuel into mechanical energy. The com-
bustion process is imperfect; other pollutants are
also produced in addition to carbon dioxide (CO,)
and H,O. Several factors, including the air/fuel ra-
tio, the ignition timing, the combustion chamber
turbulence, the air and fuel concentration, and the
temperature reached, cause incomplete combus-
tion. Incomplete combustion products are modi-
fied and exposed to high temperatures, and “soot” is
produced in greater quantities than in petrol engine
exhaust. There are hundreds of chemical compounds
in DDE, of which forty are known to cause cancer.

3.2. Chemical Composition of DDE

N, (67%) and O, (9%) are in the combustion
chamber, and CO, (12%) and water (11%) are the
combustion products in gas phases together with
pollutant emissions (1%). Pollutant emissions are
composed of carbon monoxide (CO), hydrocarbons

(HC), nitrogen oxides (NOx), sulfur dioxide (SO,),

and particulate matter (PM). Diesel engines are lean
burn. Indeed, CO and HC concentrations are low
compared to NOx and SO, (CO is the product of
combustion when hydrocarbons burn with oxygen
deficiency, and HC contains many compounds: al-
kanes, alkenes, and aromatic hydrocarbons). NOx is
a mixture of nitrogen monoxide (NO) and nitrogen
dioxide NO, with a predominance of NO,. N, does
not react with O, in the combustion chamber, and it
is expelled from the engine as N,; but when the high
temperature in the cylinders is reached (>1600 °C),
a reaction occurs. The initial combustion product is
NO, which is then oxidized in the atmosphere to
NO,. NO, is five times more toxic to the respiratory
system than NO. Cars are the main source of NOx,
with diesel engines accounting for 85%. After NOx,
PM is in greater quantities compared to other pol-
lutants, and it is made up of 31% to 41% of carbon
[18] (Interministerial decree February 11, 2021, as-
serts that carbon must be quantified as EC). Engine
diesel PM is six or ten times higher compared to
gasoline. They are spherical particles with a diameter
of 15-40 nm, and more than 90% of PM has a di-
ameter of 1 micrometer. There are emission control
systems for diesel engines (for cars, not aircraft). The
Diesel Oxidation Catalyst (DOC) controls CO and
HC emissions. At the same time, the Diesel Par-
ticulate Filter (DPF) is used to control PM emis-
sions, and finally, the Selective Catalytic Reduction
(SCR) control system is used to control NOx. Cur-
rently, there is no system for controlling SO,, which
is needed to reduce the sulfur content of diesel fuel.
Despite these control systems, the emission of pol-
lutants into the atmosphere has the percentages
shown above. As shown in Figure 1, PM comprises
a "solid carbon core" to which hydrocarbons are
adsorbed, and liquid hydrocarbons appear near the
adsorbed hydrocarbons. Adsorbed and liquid hy-
drocarbons are sometimes called the soluble organic
fraction (SOF). Hydrated sulfate species, forming
inorganic fraction (IF), are associated with liquid
hydrocarbons. The solid carbon is sometimes called
soot, but historically soot has been called BC [19].
Carcinogens such as benzene, formaldehyde, and
PAH in DDE have been known for years [20]. We
underscore the complexity of PAH mixtures being
a complex mixture of compounds with different
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Solid carbon core as EC and BC

Adsorbed
hydrocarbons

‘- A Liquid hydrocarbons
«~=¢  and sulfate species

Vapour phase
-~ hydrocarbons

Figure 1. Schematic figure of particulate matter (PM) (amended by Martin V. Twigg and
Paul R. Phillips, Platinum Metals Rev., 2009, 53, (1), 27-34).[19]

carcinogenicity, different concentrations, and pos-
sible formation of secondary toxic compounds. In
addition, there are several non-carbon-based com-
pounds, such as arsenic, cobalt, chromium, mercury,
nickel, and phosphorus compounds, and organic
compounds, such as acrolein, acetaldehyde, xylenes,
etc. Because of the large number of chemical com-
pounds present in DDE (including carcinogens), it
would be useful to find more specific markers that
do not have a background as EC (marker whose
quantification is required by Interministerial Decree
2021). In addition, as reported in the Copenhagen
Airport case study [21], caution must be exercised
concerning the size of the engine particles. The
study reports a dramatic scenario: “The result will be
inhalation of 500 million particles per minute. This
equates to 240 billion ultrafine particles per work-
day, a significant proportion of which are deposited
in the most critical parts of the lungs (the alveoli)”
[21]. This data shows that the number and the size
of particles are important, and probably, they can-
not be replaced by the measurement of EC alone.
Moreover, the chemical composition of DDE has
changed over time, from traditional diesel engines
to those with new technology. Precisely in the new
ones, EC decreases (from 75% to 13%) and organic
carbon (OC) increases (from 19% to 30'%) [11];
also, NOx, CO, HC, and PM decrease in new en-
gines diesel [22]. In particular, Piia Taxell reported
that “for the new technology, diesel engine exhaust
with significantly reduced particle mass and EC

concentration, EC may not be an equally useful
marker” [23].

3.3. Size Distribution and Mass Dust Content of
Diesel Engine Exhaust. What Implications for
Risk Assessment?

Exhaust emissions from diesel engines are a com-
plex mixture of gas, vapors, and aerosols (all states of
matter are present). PM or Diesel Particulate Mat-
ter (DPM) or Diesel Exhaust Particulate (DEP) are
solid particles emitted by diesel engines as part of
the DDE. In the IARC Press Release 213 of 12 June
2012 [24], some studies considered complete diesel
emissions, which caused an increase in the incidence
of lung cancer in rats. These studies showed that
(i) the gas phase (with particles removed) did not
increase the incidence of respiratory cancers in any
of the species tested; (ii) the particulate phase caused
malignant lung tumors in rats and sarcomas at the
site of injection in mice.

'The size distribution of particles emitted by die-
sel engines varies according to engine type, engine
operating conditions, fuel formulations, lubricating
oil, additives, and emission control systems. Sub-
stantial differences are also found depending on the
age of the engines: the newest, compliant with Euro
IV-VI, have a different emission composition from
that of conventional diesel engines [11].

Diesel engine exhaust emissions are mixtures
of hundreds of chemical compounds, which are
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emitted partly in the gaseous phase and partly in
the particulate phase [25]. Particle mass is reduced
by more than 90% in the case of Euro IV-VI engines
compared to Euro I and I engines [23]. Concerning
the size distribution of the emitted particles, a re-
cent study reports that the particles containing OC
and EC peaks at 330-550 nm, with OC/EC ratio
showing two peaks in the ultrafine (< 100 nm) and
accumulation modes (170-330 nm) [26]. Moreover,
in the study of Eric Garshick et al. [10], EC in PM1
was tested using the NIOSH 5040 method [27],
concluding that diesel emissions contributed sig-
nificantly to the EC in PM1 in the United States in
urban areas before 2006. Fine and ultrafine organic
particles, which can penetrate the respiratory sys-
tem, are also reported as produced by diesel engines
and aircraft engines following incomplete combus-
tion [28] [21]. Aircraft engines emit 1000 times
more particles per kg of fuel than modern diesel
engines (EURO V/VI); this is an important critical
point in these workplaces, and an example of such a
case of occupational exposure can become a public
health problem.

'Therefore, without prejudice to SCOELs opinion
on differences in diesel exhaust, the IARC empha-
sizes the need not to make a distinction between
age and diesel engine type for the exposure risk
since the qualitative and quantitative composition
of emissions depends on the type and age of the en-
gine, the emission control system, the development,
maintenance, and mode of use.

As a final consideration regarding the age of
diesel engines, the Italian Interministerial Decree
of February 11, 2021, adds “diesel engine exhaust
emissions” as carcinogenic compounds without
considering any differences in their characteris-
tics or age. On the other hand, the particle size
fraction to be selected in diesel exhaust sampling
for EC determination remains an open question.
If this is not specified as notation to the limit
value, industrial hygiene practice requires sam-
pling the inhalable fraction, even from a precau-
tionary perspective. The NIOSH 5040 method
would fully comply with this practice, requiring
sampling of the inhalable fraction with a three-
piece cassette [27].

4. EXPOSURE ASSESSMENT BY
ComPARISON WITH OEL

4.1. Sampling of Elemental Carbon

The carbon components of PM (EC, OC and
BC) take different names based on the availability
of different measurement techniques. Also, dif-
terent terms refer to the same type of exposure to
carbon in PM, particularly in the fine fraction. In
this regard, the Italian legislation does not indicate
which dimensional fraction of the particles have to
be sampled in assessing the exposure, but a technical
document published by the Italian Association of
Industrial Hygienists (AIDII) in March 2023 pro-
vides guidance, as far as the technical standards are

concerned. The AIDII guide [12] refers to:

a. STANDARD UNI EN 14530/2005 [29]
(Atmospheres in the workplace. Determi-
nation of diesel particulate matter. General
Requirements). This standard defines EC as
residual soot nuclei after removing OC from
particulate matter. It provides for sampling
the respirable fraction (according to the UNI
EN 481:1994 standard) [30].

b. STANDARD UNI EN 16909/2017 [31]
(Ambient Air — Determination of EC and
OC deposited on filters). This refers to
the UNI EN 12341:2014 [32] standard
and indicates PM2.5 as the fraction to be
sampled.

The UNI EN TECHNICAL STANDARDS
suggest sampling respirable or fine fraction of PM,
but certainly not the coarse one. The Italian Inter-
ministerial Decree of February 11, 2021, indicates
EC as a marker for assessing DDE exposure. The
most suitable method for occupational exposure
to diesel exhaust seems to be the NIOSH 5040
(NIOSH Analytical Methods Manual, V Edition
year 2016) [27]: in this method, soot is considered
synonymous with EC.

The method involves personal samplers with

37 or 25-mm diameter quartz fiber filters. Filters
should be heated for 1-2 h at ~800°C to ensure
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any removing contaminants. The sampling flow is
between 2 and 4 L/min with a minimum volume
of 142 L. Lower flow rates are used in dusty en-
vironments to avoid filter overloading (cyclone or
impactor is recommended to prevent interference).
The sampling respiratory zone for the workers cor-
responds to a hemisphere (radius 30 cm) extending
in front of the human face; technical normative EN
1540:2011,1SO 18158:2016 [33] are used to define
this area, but it is not selective of any particle size
fraction. Some authors show that the EC is a bet-
ter marker than gravimetric methods (not suitable
for low concentrations (< 200 pg/m?) of PM in air)
[34], being it a more selective indicator of diesel en-
gine emissions and representing a considerable frac-
tion of the mass of PM.

In addition, it is stated that EC is a specific marker
of occupational exposure to diesel engine emissions
regardless of the particle fractions (inhalable and
respirable fraction). The sampling of particle size
fractions according to the UNI EN 481:1994 [30]
standard is not considered necessary except in min-
ing activities (where the sampling of the respirable
fraction is recommended).

Nevertheless, some papers have been reviewed
[35], providing airborne concentrations of EC in
the workplaces in both inhalable and respirable frac-
tions. Diesel engines emit many fine and ultrafine
particles, as organic particles produce incomplete
combustion [28]. Ultrafine particles (UFPs) are ex-
pressed in particle number concentration (#/cm’)
rather than mass concentration (mg/m®). UFPs
(< 0.1 pm in aerodynamic diameter), together with
the nanoparticles (< 0.03 pm), contribute the ma-
jority of the particle number. It is also reported that
the NIOSH 5040 method does not interfere with
cigarette smoke or other carbon-based aerosols be-
cause these are mainly composed of OC. Still, once
again, attention must be paid to the new diesel tech-
nology, where the percentage of OC increases and
EC decreases [11]. These aspects and critical issues
are not mentioned in the February 11, 2021, Inter-
ministerial Decree. Finally, to obtain sufficiently low
limits of quantification (LOD) (less than 2 mg/m?),
it should be noted that more than 1 m> of air needs
to be sampled. Therefore, long sampling times are
usually required.

4.2. Analysis of Elemental Carbon

Several analytical thermo-optical methods (such
as NIOSH 5040, NIOSH-like, EUSAAR2, IM-
PROVE) exist for the EC quantification. Briefly,
the thermo-optical measurement involves two heat-
ing ramps: the first one, in helium gas, is used to
determine the OC, whilst the second, at a higher
temperature, in an oxygen oxidative atmosphere, is
necessary to measure the remaining oxidized car-
bon. CO, released after the two heating ramps
is quantified directly by the IR detector or after
methane reduction with an FID detector. During
thermal analysis, the instrument measures the laser
transmittance at 660 nm through the filter to de-
termine the split point between OC and EC. The
difference quantifies elemental carbon: total carbon
(T'C) minus OC (EC =TC -0CQ).

Thermo-optical methods EUSAAR2, IM-
PROVE, NIOSH 5040, and NIOSH-like are four
different thermal protocols for heating the sample
with differences in the maximum temperature value
of the first phase: IMPROVE (used in the USA)
and EUSAAR-2 (used in Europe) are medium-low
temperature protocols, in which the first phase ends
at 550 °C (IMPROVE) or 650 °C (EUSAAR-2).
In comparison, the two NIOSH protocols end the
first phase at 870 °C (QUARTZ or NIOSH-like)
or 850 °C (NIOSH 5040). In general, low- to
medium-temperature protocols result in higher EC
concentrations than those from high-temperature
protocols. This may be due to an incomplete evolu-
tion of OC in the first phase of medium-low tem-
perature protocols (underestimation of OC, leading
to an overestimation of EC), or to a pre-combustion
effect of EC in high-temperature protocols (under-
estimation of EC and consequent overestimation of

OCQC) [36].
5. MAIN CRITICAL ISSUES

5.1. Elemental Carbon vs Black Carbon
(ECvsBC)

'The methods for EC quantification,based on com-
parative differences between OC and EC determi-
nations in the same line measurement (IMPROVE,
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Table 2. The pro and cons of EC and BC measurements.
Elemental Carbon (EC) Black Carbon (BC)

PRO  Good specificity Immediate and
High sensitivity continuous
measurement
CONS A long and laborious Possible interferents
measure

High measurement
uncertainty

EUSAAR2, NIOSH 5040, NIOSH-like), imply
measurement uncertainty to be added to quantita-
tion uncertainty. The quantification of EC is diffi-
cult because there are only a few laboratories that
can perform this determination in industrial hy-
giene. Still, many are equipping themselves as en-
vironmental agencies did in the past. In addition,
the term BC is often used as a synonym for EC, as
reported in the NIOSH METHOD 5040 [27]. BC
is unbound carbon as EC, but these commonly used
terms are potentially ambiguous.

In2011,the Global Atmospheric Watch-Scientific
Advisory Group (GAW/WMO) suggested defini-

tions, which can be summarized as:

a. ECis carbon measured with a thermo-optical
analytical technique.

b. BC is carbon measured with an optical ana-
Iytical technique.

BC and EC refer to materials with different opti-
cal and physical properties (quantification of carbon
with two different analytical techniques) rather than
compounds with well-defined properties [37]. The
determination of BC consists of an optical absorp-
tion measurement at one or more predetermined
wavelengths and not an actual measurement of
chemically well-defined parameters. It is also evi-
denced that EC is used as a surrogate to assess ex-
posure to diesel PM. The word “surrogate”is used in
a paper by Birch and Cary [38]. Could we assume
BCis less “surrogate” than EC for quantifying diesel
exposure? However, neither the EU nor the Italian
legislation mentions these aspects.

'The choice of using EC as a tracer of DDE, which
has been endorsed by all official methods and tech-
nical standards worldwide, is probably due to three
factors: i) The carcinogenic mechanism of DDE is
mainly due to the particulate fraction (rather than
exhausted gases); ii) EC represents more than 80%
of DDE released particles; iii) EC measurement
is less biased by interfering factors (e.g. cigarette
smoke/OC) in comparison with BC [27].

In addition, BC is a component of the PM, the
reduction of which can lead to climate and pollution
benefits. Knowledge of the quantities and emission
sources involved is necessary for effective interven-
tion. The International and national scientific com-
munity should focus on standardization and, in
particular, on definitions regarding the carbonaceous
fraction of particulate matter and of measurement
standards. BC is a primary pollutant from diesel
engine exhaust and its measurement is important,
but this does not mean that measuring black carbon
could be prematurely endorsed as a good indicator
of occupational exposure to diesel engine emissions.
Further studies are needed to compare EC and OC
measurements in ambient matrixes from different
workplaces.

Finally, on April 2024, the European Parliament
adopted the text for the legislative resolution on
the proposal for a directive of the European Parlia-
ment and of the Council on ambient air quality and
cleaner air for Europe [39], in which new rules are
set for several pollutants including particulate mat-
ter (PM2,5, PM10), NO, and SO,. The air quality
standards shall be reviewed by 31 December 2030,
and they are also based on the revised World Health
Organization (WHO) Air Quality Guidelines, in
which black carbon/elemental carbon was also a
concern [40].

'The new EU Directive updates the last version of
the Directive on air quality in Europe [41]. It sug-
gests continuous monitoring of EC,BC, and OC in
the air. It proposes air quality standards for difterent
pollutants, but no standard for EC is set.

Therefore, a new question arises regarding occu-
pational exposure to DDE: is measuring both EC
and BC in workplaces better? BC measurement can
indeed be considered complementary to determina-
tions via the thermo-optical reference technique.
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5.1.1 Health Effects of Black Carbon

BC influences climate and pollution and has ad-
verse health effects [42]. In 2012, the World Health
Organization (WHO) highlighted that BC and
EC were strongly correlated and measured with dif-
ferent analytical techniques. Moreover, the WHO
has evidenced that BC is a carrier of other toxic or
carcinogenic compounds. After 2012, new articles
[43-45] reported that BC was not only a carrier, but
it had effects on cardiovascular events and premature
deaths in humans. These BC health effects further
confirm the need to quantify it, and the WHO, in
the 2021 Air Quality Guidelines update, included
statements of good practice to address concerns
about the health and environmental effects of the

BC/EC.
5.1.2 Analytical Quantification of Black Carbon

The quantitative measurement of BC is done
with a multi-spectrum instrument that constantly
measures the transmittance of light at ten different
wavelengths (from "near UV" to "near IR"). The in-
strument calculates, in real-time, the concentration
of BC through filter support on which particulate
matter accumulates. The room sampling system
has a heater, and a sample flow rate of 2 or 5 I/min
can be set. The analyzer uses a very common and
inexpensive filter and allows the choice of the fil-
ter belt feed mode according to the concentration
of BC. The instrument has sampling heads that al-
low the alternative measurement of PM10, PM2.5,
or PM1. Using aethalometers for BC monitoring,
high temporal resolution exposure data can be col-
lected, which is very useful for identifying potential
high-exposure peaks linked to specific work activi-
ties and thus to set up an effective risk management
strategy.

The BC measurement may have interfering
substances. It is well known that, in situations
where particles opaque to light radiation, such as
crustal particulate matter and heavy metals, are
present, significant interferences can potentially
lead to a significant overestimation of actual ex-
posure levels [46].

5.2. Workers Exposed and Unexposed

In Occupational Medicine, “Exposed Workers”
means workers who have an exposure above the
background levels of the general population. How-
ever, although the EC can be considered a ubiqui-
tous contaminant, there are no standard or guideline
values for the protection of the health of the general
population and this gap does not help the assess-
ment of occupational exposures to DDE. The re-
cently published Guideline of the Emilia-Romagna
Region [47] refers to updating the guideline to dis-
criminate between “Exposed and Unexposed Work-
ers” in the future.

5.3. Elemental Carbon Values in Different
Workplaces

Several papers have been published using EC as
a marker to quantify occupational exposure to die-
sel exhaust. Among them, the most recent paper of
Plato [48] reports measurements carried out in 72
different workplaces that are assimilable to life en-
vironments such as buses and cars and for operators
on non-road equipment over a long observation pe-
riod, ranging from 1950 to 2005. In this study, only
a few recent data come for direct measurements of
EC, while for the most part, the exposure has been
estimated by a model adjusted with indirect meas-
ures. Exposures for workers exposed in the above
environments decreased over the years, resulting be-
low the OEL of 50 pg/m” set by the 2021 Intermin-
isterial decree. However, it should be noted that this
study was carried out in Sweden, where air pollution
levels are different from those in Italy, thus making
exposures in working environments similar to living
environments not entirely comparable.

In Italy, we have some data of EC [49] and BC
[50] for general population exposure, with values
varying over the seasons [51]. As a general consid-
eration, environmental exposure to the EC ranges
between 0.01 pg/m’® and 5.1 pg/m® for EC [52],
a maximum value that is approximately 10 times
lower than the corresponding OEL. This “back-
ground” value, together with the measured EC con-
centrations in different workplaces, published in the
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Figure 2. Mean air concentration for EC for exposed and unexposed workers (blue bars)
(Data from Pronk, 2009) [35] and the general population (green line). The red line refers

to the Italian OEL.

scientific literature for European and non-European
workers [35], has been graphically compared with
the OEL for EC in the graph shown in Figure 2.

Figure 2 shows that installers and truck drivers,
so-called “unexposed workers,” are exposed to EC
values equal to or below the level for the general
population; the exposed workers, instead, present
exposure levels both below the OEL of 50 pg/m’,
taxi drivers, firefighters, bus drivers, and above
50 pg/m?, maritimes. For these latter, a re-entry
activity below the OEL is mandatory. This type of
scheme may be useful in discriminating between ex-
posed and not-exposed workers for the purpose of
health surveillance for exposure to DDE.

5.4. Occupational Exposure Limit (OEL) for
Elemental Carbon is not Health-Based

Another critical question is: “How precaution-
ary are we in protecting workers from exposure to
diesel engine exhaust fumes?” [53]. The 50 pg/m’
limit value set by the 2021 Interministerial Decree
is a regulatory, not health-based limit. It is a com-
promise between health and technically achievable

values. The report by R. Vermeulen [53] shows the
excess risk of lung cancer in Europe on the popula-
tion of workers (229 million), setting different OEL
values for exposure to DDE.

For an OEL value of 50 pg/m?, an excess risk of
268 workers out of 10000 is obtained. For an OEL of
10 pg/m’, the excess risk results in 166 workers out
of 10000, which drops to 26 in the case of 1 pg/ m?.
In the Netherlands, the Health Council, based on
the exposure-response relationship by Vermeulen
et al. [54], has set a health-based limit of 1 pg/m?’ for
occupational exposure to DDE. To increase workers’
health, the value of OEL should be reduced in the
coming years, consistent with the technical possibil-
ity of measuring increasingly low concentrations.

6. CONCLUSION

This work highlights the critical issues in
European legislation and, consequently, in the
Italian one for assessing exposure to DDE. The
2021 Interministerial decree was issued by setting
an OEL for EC about ten years after the publication
of the 2014 IARC Monograph, where DDE was
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classified carcinogenic for the first time. From a
scientific point of view, the new legislation is al-
ready non-exhaustive because BC (and eventually
OC) can be quantified as a carbon-based marker
for this type of exposure in addition to EC. In Italy,
the Environmental Agencies have quantified EC,
BC, and OC for years, as also required by the pro-
posal to amend the European Union Directive of
October 2022, which invited all Member States to
carry out a greater number of quantitative deter-
minations of the three markers to control air qual-
ity in Europe. The amended Directive does not set
a standard value for EC, referring to the general
population’s exposure, while from February 2023,
the occupational exposure limit of 50 pg/m* as EC
is operative for workers. The 2021 Interministerial
Decree also does not indicate the particle size frac-
tion to sample in the workplaces for quantifying
EC, BC, and OC. Still, it is known that particle
size is an important parameter to consider for the
risk of exposure because the smaller the size, the
greater the probability that particles deeply pen-
etrate the respiratory system, up to the alveoli. The
Environmental Agencies show that all BC in the
atmosphere is present in the sub-micrometric frac-
tion of particulate matter (PM1).

To date, there is a lack of data in Italy on the en-
vironmental monitoring of BC and EC both in the
workplaces and in the living environments. Moreo-
ver, the 50 pg/m?’ limit for EC seems already high in
a more concrete perspective of safeguarding work-
ers’ health. Finally, the thermo-optical quantifica-
tion of EC is a laborious multi-step method (and
probably not useful for new technology diesel en-
gine exhaust) with the risk of a high measurement
uncertainty that can influence the exposure results
with consequent impact also the health surveillance.
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ABSTRACT

Background: Work-related fatalities represent an important global public health threat, accounting for over 300,000
deaths annually. Despite preventive strategies, fatalities persist, necessitating extensive investigations. Auz‘optic inves-
tigations, when ordered, offer comprehensive data on fatal accidents, in particular with detailed information about the
type of accident, lesions, and type of work, enabling a thorough analysis of various factors contributing to workplace
deaths. This study investigates work-related fatalities in Milan and Monza Brianza, Lombardy, analyzing patterns,
industries, and factors leading to death among workers. Methods: 75is retrospective study analyzed all fatal work
accident data from the Autopsy Database of the Legal Medicine Institute of Milan from January 2000 to December
2022. We also estimated the risk of fatal accidents per 1.00.000 workers using ISTAT data for the different work sectors.
Results: Of the 17,841 violent deaths in Milan and Monza Brianza, 308 resulted from work-related accidents. The
majority were male (95.1%). The secondary sector showed the higher estimated risk (27 /10° vs. 19/10° in primary and
2.3/10° in tertiary sector) accounted for 78.5% of fatalities, with specialized workers (35.1%) and construction workers
(25%) being the most affected. Falls from above were the leading cause of death (36.7%). A decreasing trend in fatal
accidents over the study period was observed, with July having the greatest frequency. The most common causes of death
were polytrauma (36.4%) and head injuries (19.2%). Non-Italian workers constitute a noteworthy percentage of fatal
cases (24%). Conclusions: The secondary sector has the most fatal accidents at work despite a decrease in accidents over
the observed time period. There is a need for rigorous analysis and interventions, using forensic autopsy case data to help
understand causes, and collaboration between institutions is encouraged to develop effective preventive policies.

1. INTRODUCTION measures. Whether due to occupational hazards,
safety breaches, or communication breakdowns, oc-

Work-related fatalities represent a critical pub-  cupational injuries account for more than 300,000
lic health and safety concern since they are ac-  of the 2.3 million work-related deaths globally each

cidents that could have been avoided with proper  year [1, 2]. These numbers show that work-related
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fatalities are a serious issue that affects many coun-
tries and industries around the world. For example,
over 6,200 people in the US die from work-related
injuries each year [3]. Meanwhile, in Italy, the Ital-
ian Compensatory Authority (INAIL) estimates
that roughly 1,300 fatal accidents occur each year
during working hours [4].

Despite the development of newer and im-
proved preventive strategies and tools, the issue
of work-related fatalities is still very topical [5, 6].
The volume of work-related fatalities and occu-
pational diseases varies significantly between occu-
pational sectors. The primary and secondary sectors,
defined by intrinsic dangers, usually have a greater
incidence of deaths and occupational diseases than
sectors with largely office-based work [7-12]. This
persistence of fatalities at work has many probable
causes, such as the diversity of work environments,
the role of human error, economic pressures, glo-
balization, technological changes, inconsistent en-
forcement of safety regulations, emerging risks, and
evolving workforce demographics [11, 13-15].

In the Italian legal system, the communication of
an accident at work that led to absence from work
of at least one day, excluding one of the events, is an
obligation for all employers. If the accident at work
involves an absence from work for more than three
days, an injury notification report is mandatory [16].
The Legislative Decree 9 April 2008 n.81 (D. Lgs.
81/08) is an Italian law that sets the rules relating to
health and safety at work. According to the decree,
the employer is responsible for the safety of their em-
ployees and must take all the necessary measures to
guarantee it. Article 589 of the Italian penal code es-
tablishes that the punishment for whoever causes the
death of a person through negligence is imprisonment
from six months to five years. If there is suspicion of a
death caused by a crime, the public prosecutor can or-
der a judicial autopsy to establish the cause of death.
Therefore, in the presence of a work-related fatal ac-
cident, the public prosecutor’s office usually requests
the execution of a judicial autopsy to ascertain the
causes of death, together with an investigation aimed
at understanding whether the death was caused by
the employer’s negligence or not. The judicial autopsy
is then carried out by the Legal Medicine Institute
of the province in which the fatal accident occurred.

Lombardy is Italy’s most populous region, with
approximately ten million residents, and it is home
to almost one million production activities, both
small and large enterprises. The provinces of Milan
and Monza Brianza alone have more than 364,000
active businesses, and they are two of the wealthiest
provinces in Italy. With more than 4 million workers,
the region has the greatest labor force in Italy [17].
Therefore, there is a high risk of injuries at work; in
fact, in recent years, the region has recorded a great
number of fatal accidents [18].

INAIL publishes a national and regional re-
port of all the notified accidents at work every six
months. These are well-collected and processed
data, but they are presented according primarily to
its insurance agenda and not a prevention logic. The
public data on fatal accidents is mainly aggregated
and doesn't report details about what led to the
death of the person and the type of job that the vic-
tim performed [4]. This lack of information makes it
difficult to analyze the causes and patterns of work-
related fatalities and design and implement effective
prevention strategies. The autopsy act is necessary to
identify the type of lesion that caused the worker’s
death. The added value of the autopsy data is high-
lighted by the need to differentiate the information
sources to increase the data flow. Autopsies pro-
vide comprehensive data on the circumstances and
events leading to fatal accidents, and crucial insights
into the individuals involved, allowing for a thor-
ough investigation of the numerous elements that
contribute to workplace deaths.

This study aims to examine work-related fatali-
ties in two of the biggest and wealthiest provinces
of Lombardy, Milan and Monza Brianza, over
23 years, from January 2000 to December 2022. The
study also intends to identify the industries and oc-
cupations that have the highest occurrence of fatal
accidents and to evaluate the major factors that lead
to death among workers.

2. METHODS

The data for this retrospective study was obtained
in March 2023 from the Autopsy Database of the Le-
gal Medicine Institute of Milan. The Autopsy Data-

base systematically collects the relevant information
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available on all the violent deaths that occurred in
the provinces of Milan and Monza Brianza since
1986, for a total of 36,618 autopsies. The Autopsy
Database contains personal data (gender, weight,
height, Body Mass Index (BMI), ethnicity, date and
place of birth, city of residence, current job, smoking
and drinking habits, history of drug abuse), medi-
cal history (pathological history, medications, previ-
ous surgical interventions, disabilities), and autopsy
details (date and place of death, age at the time of
death, details from the site inspection, long and ac-
curate description of the circumstances of the fa-
tality, cause of death, toxicology, site of lesions) of
the deceased. All the autopsies are recorded using
an anonymous 1D, such as the report number. The
inclusion criteria were: i) autopsies performed from
2000 to 2022, ii) all the fatalities labeled as work-
related accidents, including commuting injuries. The
exclusion criteria were: i) missing or questionable
data about the type of fatal accident and occupation,
ii) natural deaths or suicides that occurred during
working hours.

We transferred the selected cases in a new da-
tabase for further analysis. The long and accurate
descriptions of the circumstances of the fatality
and cause of death were then read and coded in
six entries named type of fatal accident: fall from
above, falling objects, stuck in machinery, com-
muting accident, electrocution, other (drowning,
explosion, burned, chemical toxicity, animal attack,
combination of two types of injury). The same was
performed with the job of the deceased, classify-
ing them according to the ATECO job sector cat-
egorization: primary sector (A-B such as farmers
and breeders), secondary sector (C-F such as con-
struction workers, maintenance/technicians such
as electricians and plumbers, specialized workers
such as carpenters and foremen, metalworkers, un-
skilled workers), tertiary sector (G-U such as cou-
riers, white-collars, law enforcement, healthcare
workers).

The statistical analysis was performed using the
program SPSS PC version 29. Statistical signifi-
cance was set for a P-value < 0.05. We used the
chi-square and ANOVA tests to compare categori-
cal and quantitative variables between the different
types of fatal accidents, respectively.

3. RESULTS

From January 2000 to December 2022, there
were 17,841 violent deaths in the province of Milan
and Monza Brianza, with 308 (0.017%) caused by
workplace accidents. Out of our sample of 308 casu-
alties, 293 (95.1%) were men, and 15 (4.9%) were
women, with an average age of 44.2 years at the time
of death (+13.7 sd) ranging from 17 to 77 years.
The mean BMI of the sample was 27.9 (5.2 sd),
with a2 minimum of 15.2 and a maximum of 45.5,
with overweight being the most represented BMI
class (26.6%). Two hundred thirty-three (75.6%) of
the deceased were Italian, while 36 (11.7%) were
European, 20 (6.5%) African, 12 (3.9%) Asian, and
7 (2.3%) South American. The pathological his-
tory of 258 (83.8%) of the sample was known, and
it was positive for 81 (26.3%) of them. Out of the
81 deceased with a positive pathological history,
27 (33.3%) had hypertension, 11 (13.6%) from met-
abolic diseases, 6 (7.4%) were suffering from cardio-
vascular diseases, 5 (6.2%) from pluri-pathological
diseases, 3 (3.7%) from neurological diseases,
2 (2.5%) from psychiatric diseases, and 27 (33.3%)
from other diseases. Nonsmokers accounted for
33.8% of the sample, 40.6% weren't consuming al-
coholic beverages regularly, 15.3% consumed coftee
daily and 29.9% never consumed drugs. The demo-
graphic characteristics of the sample are described
in detail in Table 1.

In the 23 years studied, there were an average of
13.3 fatal accidents each year, with a high of 27 in
2007 and a low of four in 2020. Figure 1 depicts
a decreasing trend in the number of fatal accidents
over time. Overall, the month with the most fa-
tal accidents was July, with 34 (11%) fatal work-
place accidents, followed by June with 32 (10.4%)
fatal accidents.

The secondary sector was the one with the most
fatal accidents at work with 242 (78.5%) events,
108 (35.1%) involved specialized workers, 77 (25%)
involved construction workers, 35 (11.4%) involved
maintenance/technician workers, 12 (3.9%) involved
metalworkers, and 10 (3.2%) involved unskilled
workers. The tertiary sector registered 59 (19.2%)
fatal workplace accidents, 30 (9.7%) involved white-
collar workers, 23 (7.5%) involved couriers, 3 (1%)
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Table 1. Demographic characteristics of the sample (BMI, Tot = 308 N (%)
nationality, pathological history, smoking habit, alcohol

consumption, coffee consumption, drug abuse). Drug abuse
Tot = 308 N (%) Unknown 211 (68.5%)
BVl No 92 (29.9%)
Unknown 90 (29.29%) Yes 3 (1%)
Underweight 4 (1.3%) Past use 2 (0.6%)
Normal weight 62 (20.1%)
Overweight 82 (26.6%) . .
Obese class 1 47 (15.3%) involved law enforcement workers., and 3 (1%) in-
volved healthcare workers. The primary sector had
Obese class 2 20 (6.5%) 7 (2.3%) fatal accidents at work involving farmers and
Obese class 3 3 (1%) breeders. In the primary sector, the most common ac-
Nationality cident at work was represented by other causes such
Italian 233 (75.6%) as attacks from animals or drowning with 4 (57.1%)
European 36 (11.7%) events, while a fall from above was the most com-
African 20 (6.5%) mon in the secondary sector with 99 (32.3%) events,
Asian 12 (3.9%) in the tertiary sector the most common accident was
South American 7 (2.3%) rcpresentec.i by commuting accidents with 23 (7.4%)
Pathological history events. With 113 (36.7%) eve‘nts, the most com-
Unknown. 50 (16.2%) mon type of fatal workplace accident was a fall from
_ above. Commuting accidents accounted for 40 (13%)
Negative 177 (57.5%) events, falling objects for 38 (12.3%), stuck in ma-
Positive 81(26.3%) chinery accounted for 30 (9.7%), and electrocution
Cardiovascular 33 (10.7%) for 5 (1.6%) events. Other fatal accidents were re-
Metabolic 11 (3.6%) sponsible for 82 (26.6%) events. Among genders, the
Pluripathological 5 (1.6%) predominant occupation for men was a specialized
Neurological 3 (1%) worker (36.2%), while women were mostly white-
Psychiatric 2 (0.6%) collar (53.3%). The most common fatal workplace
Other 27 (8.8%) accident for men was a fall fr?m above, accognting
Smoking habit for 110 (37.5%) fatalities, while for women it was
commuting accidents with 6 (40%) events (Table 2).
Unknown 83 (26.9%) With 112 (36.4%) occurrences, the most common
Nonsmoker 104 (33.8%) injury was polytrauma, followed by 59 (19.2%) in-
Smoker 101 (32.8%) juries on the head, 15 (4.9%) injuries on the thorax,
<20 cig/die 62 (61%) 3 (1%) injuries on the abdomen, and 119 (38.6%) in
>20 cig/die 40 (39%) other areas of the body.
Ex-smoker 20 (6.5%) No statistically significant differences were

Alcohol consumption
Unknown
No
Yes

Coffee consumption
Unknown
Yes
No

88 (28.6%)
125 (40.6%)
95 (30.8)

228 (74%)
47 (15.3%)
33 (10.7%)

observed among accident types concerning age,
nationality, history of drug abuse, BMI, alcohol con-
sumption, or pathological history (Supplementary
materials 1).

4. DISCUSSION

A novelty of this study is the use of autopsy data
to describe workplace fatal accidents, allowing for
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Figure 1. Fatal accidents at work from Jan 2000 to Dec 2022 in the provinces

of Milan and Monza Brianza.

some comparability with traditional databases. This
approach also helps to enrich our epidemiological
understanding and provides insights into the af-
tected individuals, fostering a holistic exploration
of the multifaceted dynamics behind fatal accidents.
Three hundred and eight fatal accidents at work
were reported to the Forensic Institute of Milan in
the study period. In the same years, INAILs reports
in the Lombardy region registered 4,408 fatal ac-
cidents at work for the whole region [18], with no
province details for the whole period. Considering
the proportion between the inhabitants of Lombardy
and the inhabitants of the provinces of Milan and
Monza Brianza, we estimated the number of ex-
pected fatal accidents in the provinces of Milan and
Monza Brianza in the same period as 1,928. Thus,
the data collected from the Forensic Institute of
Milan would represent 16% of the expected fatal ac-
cidents in the Milan and Monza Brianza provinces.

The Lombardy’s Regional Registry for Acci-
dents at Work reports 17 and 24 accidents for 2021
and 2022 respectively, in the Health Protection
Agencies’ (ATS) territory of Milan and Monza
Brianza [19]. The territory of Monza Brianza’s
ATS also comprehends the province of Lecco. The
autoptic data reports 14 fatal accidents in 2021 and
18 in 2022. Based on the ATS’s reports, the Fo-
rensic Institute of Milan data accounts for 82.3%
and 75% of fatal work accidents in 2021 and 2022
respectively.

This partial coverage of the fatal accidents was
expected and is part of the study’s limitations. The

Milan Forensic Institute’s database underestimates
the number of deaths caused by accidents at work
because a judicial autopsy may not be ordered for
all fatal occupational accidents, and their report-
ing can vary between institutions and their agen-
das. Divergent definitions of what constitutes a
fatal accident at work, reporting timelines, and data
collection methodologies may also lead to these dif-
terences. For example, in the INAILSs reports, all
the deaths caused by work-related COVID-19 are
considered fatal accidents at work [20]. At the same
time, no judicial autopsies were ordered for this
kind of death, and they aren’t taken into considera-
tion in Lombardy’s Regional Registry for Accidents
at Work. INAIL and ATS’s databases have various
recording techniques and timings that are not al-
ways easy to access and do not allow extensive or
comparative examination. However, the incomplete
coverage of fatal cases by the Forensic Institute of
Milan may reduce the generalizability of our results.
Another limitation is determined by a possible mis-
classification in the Institute’s database. Anamnestic
data are reported by third parties. Therefore, some
are missing, and some may be unreliable. To explore
potential preventive measures, it’s vital to update
and improve accessibility to the data collected.
Despite the above-mentioned limitations, the data
obtained is valuable in bringing substantial insights to
the larger context of our research. In our sample, most
recorded accidents involved male workers, account-
ing for 95.1% of the cases. This gender imbalance re-

flects a prevailing trend observed in the literature on
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Table 2. Analysis of fatal workplace accidents by ATECO job sector categorization (primary (A-B), secondary (C-F), and
tertiary (G-U)), occupation (farmers and breeders, couriers, construction workers, maintenance/technicians, metalworkers,
unskilled workers, white collars, law enforcement, healthcare workers), accident type (fall from above, falling objects, stuck in
machinery, commuting accident, electrocution, other), and gender.

Fall from Falling Stuckin  Commuting

above objects  machinery  accident  Electrocution  Other Total
Primary sector (A-B) 0 0 1(0.3%) 1(0.3%) 1(0.3%) 4(1.4%) 7(2.3%)

Farmers and 0 0 1 (0.3%) 1 (0.3%) 1 (0.3%) 4 (1.4%) 7 (2.3%)

breeders
Men 0 0 1(0.3%) 1(0.3%) 1(03%) — 4(14%) 7 (2.3%)
Women 0 0 0 0 0 0 0

Secondary sector 99 (32.3%) 32(10.3%) 24(7.9%) 16 (5.1%) 4(1.4%) 67 242 (78.5%)
(C-F) (21.6%)

Construction 44 (14.4%) 9 (2.9%) 1 (0.3%) 5 (1.6%) 2 (0.6%) 16 (5.2%) 77 (25%)

workers
Men 44 (14.4%)  8(2.6%)  1(0.3%) 4(1.4%) 2(0.6%) 16 (5.2%) 75 (24.4%)
Women 0 1(0.3%) 0 1(0.3%) 0 0 2(0.6%)

Maintenance/ 10 (3.3%) 1 (0.3%) 4 (1.4%) 3 (1%) 2 (0.6%) 15 (4.8%) 35 (11.4%)

technicians
Men 10(3.3%)  1(03%)  4(1.4%) 2(0.6%) 2(0.6%)  15(4.8%) 34 (11.1%)
Women 0 0 0 1(0.3%) 0 0 1(0.3%)

Specialized 41 (13.4%) 18 (5.8%) 15 (4.8%) 5 (1.6%) 0 29 (9.5%) 108 (35.1%)

workers
Men 41(13.4%) 18 (5.8%) 13 (4.4%) 5 (1.6%) 0 29(9.5%) 106 (34.5%)
Women 0 0 2(0.6%) 0 0 0 2(0.6%)

Metalworkers 200.6%)  2(0.6%)  1(03%)  2(0.6%) 0 5(1.6%) 12 (3.9%)
Men 2(06%)  2(0.6%)  1(0.3%) 2(0.6%) 0 5(1.6%) 12 (3.9%)
Women 0 0 0 0 0 0 0

Unskilled workers 2 (0.6%) 2 (0.6%) 3 (1%) 1 (0.3%) 0 2 (0.6%) 10 (3.2%)
Men 2(06%)  1(03%)  2(0.6%) 1(0.3%) 0 2(06%)  8(2.6%)
Women 0 1(03%)  1(0.3%) 0 0 0 2(0.6%)

Tertiary sector 14 (4.6%) 6(1.9%) 5(1.6%) 23 (7.4%) 0 (0%) 11 59 (19.2%)
(G-U) (3.6%)

White collars 10 (3.3%) 1 (0.3%) 0 14 (4.5%) 0 5(1.6%) 30 (9.7%)
Men 7(24%)  1(0.3%) 0 10 (3.4%) 0 4(1.4%) 22 (7.5%)
Women 3(1%) 0 0 4(1.4%) 0 1(03%)  8(2.2%)

Couriers 3 (1%) 3(1%)  4(1.4%) 8 (2.6%) 0 5(1.6%) 23 (7.5%)
Men 3(1%) 3(1%) 4(1.4%) 8 (2.6%) 0 5(1.6%)  23(7.5%)
Women 0 0 0 0 0 0 0

Law enforcement 0 2 (0.6%) 0 (0%) 0 (0%) 0 (0%) 1 (0.3%) 3 (1%)
Men 0 2(0.6%) 0 0 0 1(03%)  3(1%)
Women 0 0 0 0 0 0 0
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Fall from Falling Stuckin  Commuting
above objects  machinery  accident  Electrocution  Other Total
Healthcare 1 (0.3%) 0 1 (0.3%) 1 (0.3%) 0 0 3 (1%)
workers
Men 1(0.3%) 0 1(0.3%) 1(0.3%) 0 0 3(1%)
Women 0 0 0 0 0 0 0
Total 113 (36.9%) 38(12.2%) 30(9.8%)  40(12.8%) 5(1.7%) 82 308 (100%)
(26.6%)
Men 110(35.9%) 36 (11.6%) 27 (8.8%) 34 (11%) 5(1.7%) 81 293(95.1%)
(26.3%)
Women 3(1%) 2(0.6%) 3(1%) 6 (1.8%) 0 1(03%) 15 (4.9%)

Occupational Health, where different studies high-
light a disproportionate representation of men in
work-related accidents. In a 2012 study on occupa-
tional accidents in Mexico, Gonzalez-Delgado et al.
reported a frequency of 96.23% of male workers [11],
while Perotti and Russo, in a 30-year study on fatal
injuries in the Brescia province of Italy, reported a
99% majority of male workers [21]. Similar numbers
can be found in many other studies with similar per-
centages such as 98% found by Errico et al. [22] and
98.95% by Yamaguchi et al. [23]. This phenomenon
can be explained by the fact that men are still em-
ployed at a somewhat larger rate than women (80%
males and 69.3% women in the EU in 2022) [24].
Our data isn't equally distributed between genders,
and this can be also attributed to occupational segre-
gation, with men traditionally being overrepresented
in high-risk and physically demanding professions,
except for healthcare occupations [25-27]. This
is consistent with our study analysis, in which the
predominant occupation for men was specialized
worker (36.2%), while for women was white-collar
(53.3%). The most common fatal workplace accident
for men was a fall from above (37.5%) while com-
muting accidents accounted for 40% of the events
for women. The percentage of commuting accidents
for women is similar to the 56% found by Gilberti
and Salerno in a 5-year analysis based on INAILs
data [26]. More studies, that possibly include more
women, are needed in order to understand the reason
behind this difference in terms of the type of fatal

accidents.

With an average age of 44.2 years at the time
of death, our sample is similar to the mean age of
44.5 found by Perotti and Russo [21] and by Errico
et al. [22] in other provinces of Italy. As the work-
ing population ages, it’s important to consider this
factor for future studies.

A large percentage of accidents at work in foreign
workers is expected and confirmed by both our data
(24.5%) and in literature (13% in the province of
Brescia [21], 11% in the province of Genoa [22],
and 10% in the prefectures of Tokyo and Chiba
[23]), as foreign workers are often employed in par-
ticularly demanding activities, which expose them
to greater health and safety risks [28]. INAIL, in
its reports, distinguishes between Italians and non-
Italians for the last years only, and for the whole Re-
gion. Therefore, it isn’t easy to make this comparison
for the entire period (2000-2022) and Milan and
Monza provinces. However, we compared our 2022
results (27% of fatal cases occurring in non-Italian
workers — i.e. 5 on a total of 18) and the whole
period (24% - i.e. 75 over a total of 308 of cases
among non-Italians workers) obtaining comparable
results with INAIL data for non-Italian workers
from 2022: 11% of total workers, 22% of total inju-
ries, 29% of fatal cases. This observation highlights
the high risk of injuries and severe injuries in non-
Italian workers. In interpreting our relatively low
proportion is important to consider that our data
covers a longer period, reflecting the increased share
of foreign workers over time. In the contemporary
world marked by increased migration, it becomes



I ANTONANGELI ET AL

imperative to acknowledge the differences in work-
ing cultures. One should not assume that all workers
universally comprehend and share safety procedures,
underscoring the importance of vigilant attention to
these factors.

In the 23 years studied, we found a decreasing
trend in fatal workplace accidents. This confirms
what was shared by national and regional IN-
AIL reports that states that the decline was prob-
ably caused by an efficient increase in risk control
and that it was also partially caused by the reduc-
tion of COVID-19-related deaths [29]. Despite
this decreasing trend in Italy, China, and Taiwan
[21, 30, 31], overall occupational deadly accidents
are on the rise worldwide [27]. According to our
data, July and June had the highest percentage of
fatal accidents (11% and 10.4% respectively), sup-
porting the notion that workplace deaths typically
occur during the summer [14, 21, 22] even though
there isn't a consensus on the specific month [23].
More studies are needed to better understand the
reasons behind this occurrence, but these findings
underline the need for increased vigilance during
the summer months. In the autopsy database, some
data were not available, such as information on the
employment relationship, shift duration and place
of residence. We believe that this information, if
added to the autoptic records could be very useful in
terms of preventive medicine.

In our study, the sector with the most fatal work
accidents was the secondary one with 78.5% of
events, followed by the tertiary sector (19.2%) and
the primary sector (2.3%). According to the Italian
National Institute of Statistics (ISTAT), the ap-
proximate number of employees in the primary sec-
tor in the provinces of Milano and Monza Brianza
is 18,359, while in the secondary sector is 444,111
and in the tertiary sector is 1,258,222. Therefore,
we could approximate an estimated average risk (as
the number of fatal cases per year in each sector)
of 19/1,000,000 fatal accidents in the primary sec-
tor, 27/10° fatal accidents in the secondary sector,
and 2.3/10° fatal accidents in the tertiary sector. The
increased incidence of fatal accidents occurring in
the secondary sector is a common finding in litera-
ture in Italy [21,22], and worldwide [11, 14,23, 27].

This, once again, underscores the inherent dangers

associated with industrial and construction activi-
ties. We observed a noteworthy incidence of fatal
accidents in the primary sector, but given the low
percentage of workers in the agricultural sector in
our mostly urbanized area, we observed a lower
percentage of total cases if compared to INAIL
national data (2.3% versus 10.7%), and in a previ-
ous epidemiological study conducted in Lombardy
[21, 32]. Regional and province variations, the types
of industries, and risk profiles included in our sam-
ple may differ from those studied in the existing
literature, leading to a lower proportion of fatal ac-
cidents in the primary sector than anticipated. Un-
derstanding these sector-specific patterns is critical
for formulating targeted Occupational Health and
safety strategies.

Our research provided unique insights and infor-
mation not included in public reports from other
organizations that could considerably improve
our understanding of the subject. The occupations
with the most fatalities were specialized workers
(35.1%), followed by construction workers (25%)
and maintenance/technician workers (11.4%).
These results differ from the ones by Errico et al.
[22], Perotti and Russo [21], Al-Abdallat et al. [14],
and Yamaguchi et al. [23] that found construction
workers to be the most impacted by fatal work ac-
cidents (40.5%, 36.6%, 44% and 39% respectively).
This difference may be due to regional differences
in industries and different categorizations of work-
ers’jobs in literature, which may include specialized
workers in the large category of “construction work-
ers”. Therefore, a limitation of our study was the dif-
ficulty in attributing a clear ATECO code to the
specific occupation, which would have improved
the aggregation and comparability of our results to
other databases. Understanding occupation-specific
patterns is crucial for developing eftective Occupa-
tional Health and safety strategies.

'The most common type of fatal workplace acci-
dent was a fall from above (36.7%). This is also the
main type of fatal workplace accident in the stud-
ies by Al-Abdallat et al. (44%) [14], Errico et al.
(42.5%) [22], and Yamaguchi et al. (25%) [23]. It
is noteworthy that some studies, such as the one by
Perotti and Russo, while not distinguishing between
various types of mechanical trauma, still highlight
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its importance as the leading cause of fatal acci-
dents (77.69%) [21]. The consistency in reporting
falls from above as a primary cause of fatal accidents
across different studies underscores the pervasive
nature of this occupational hazard. Taking occu-
pational sectors into consideration, is important to
underline that, in our study, fall from above is the
main accident in the secondary sector, but not in
the primary and the secondary. The predominance
of falls from above in the secondary sector might be
attributed to the nature of work, involving activities
at heights, construction, and other tasks that inher-
ently expose workers to elevated fall risks, deadly or
not [33, 34]. These findings across multiple studies
emphasize the importance of targeted preventive
measures specific to the occupational contexts.

Commuting accidents were the second leading
type of fatal injury (13%). This percentage is larger
than the 6.4% found by Errico et al. [22], but smaller
than the average of 26.5% from 2018 to 2022 re-
ported by INAIL in Lombardy [18]. This may be
because different institutions may have different
procedures and standards for determining if there
is an autopsy to order for a commuting accident.
Commuting accidents are the most represented in
the tertiary sector (41.7% of the events). Workers in
the tertiary sector, often involved in administrative
and service-oriented roles, may frequently commute
for work-related purposes, exposing them to in-
creased vulnerability on the roads especially if they
work long hours [35]. More studies are needed to
understand the specific reasons behind these acci-
dents and formulate effective preventive measures.

The most common injury was polytrauma with
112 (36.4%) events, followed by 59 (19.2%) injuries
on the head. Fatal head traumas are a common find-
ing in work-related accidents literature, in a 10-year
study in Genoa they accounted for 63.4% of the
events [22], and 33.56% of the events in a study in
the Brescia province [21]. An injury on the head, a
site with the most vulnerability, can lead to death,
especially in falls from above accidents [36]. More
studies are needed to understand the efficacy of im-
plementing targeted preventive measures to avoid
head injuries.

Concerning alcohol consumption and history of
drug abuse, we didn’t find any differences among

fatal accident types. There is some evidence that al-
cohol and drug consumption impact the occurrence
of fatal accidents, especially commuting ones, but
the literature is not unanimous on this matter [37].
A study by Blandino et al. reports that over 40% of
workers who died due to commuting accidents were
positive for ethanol [38].In the study by Al-Abdallat,
9.1% of the workers who died on the job tested
positive for alcohol [14]. A study on car accidents
in West Virginia by Rudisill et al. found that the
chance of dying with a positive alcohol test was 85%
less likely in those who were commuting from and
to work compared to individuals who were driving
for other reasons [39]. This lack of difference among
types of fatal accidents and alcohol consumption in
our data can be because toxicology reports aren’t or-
dered for all the fatal accidents during work. They
must be done as soon as possible after the death of
the worker, and in some cases, they cannot be per-
formed (i.e. a death that occurred after days of hos-
pitalization). A limitation of our study consists in
the impossibility of going into detail on this kind of
information as a family member of the deceased re-
ports them during the interview before the autopsy
act. Some organizations have already implemented
preventive strategies, such as a ban on alcohol con-
sumption at work or alcohol and drug testing [40].
More studies are needed to investigate the impact of
alcohol and drug intake on the workplace in terms
of types of fatal accidents to implement specific pre-
ventive strategies.

We didn't find any statistically significant dif-
ference between individual characteristics (age, na-
tionality, BMI, pathological history) and the type of
fatal accident. The impact of individual characteris-
tics should be investigated further as age <30 years
old and higher BMI were described as a risk factor
for occupational accidents in research by Chau et al.

and Darus et al. [34, 41].
5. CONCLUSION

In conclusion, our investigation into work-related
fatal accidents in the provinces of Milan and Monza
Brianza over 23 years sheds light on some critical
aspects of Occupational Health and safety. This

study underlines that, despite an overall decrease in
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accidents, the secondary sector is the occupational
area with the highest number of fatal accidents, es-
pecially for specialized construction workers. These
preventable deaths underscore the need for rigorous
analysis and interventions. Our understanding of
what causes fatal occupational accidents can be im-
proved using forensic autopsy case data, including
epidemiological information on individual cases.
Collaboration between different institutions should
be encouraged to improve the knowledge of these
topics. By understanding the patterns, trends, and
causes of work-related fatalities, policymakers, em-
ployers, and safety professionals can establish tar-
geted preventive policies and legislation to decrease
risks and preserve workers’ lives. Further research
should aim to reduce the human toll, which has also
significant economic implications, and improve col-
laboration between different institutions.
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ABSTRACT

Background: Malignant mesothelioma (MM) is a rare but lethal cancer strongly associated with asbestos exposure.
This retrospective study examines mesothelioma trends and past asbestos exposure assessment in Emilia-Romagna,
Northern Italy. Methods: Berween 1996 and 2023, 3,513 cases of MM were recorded by the Regional Operating
Center, predominantly in males (72%) and older than 65 years (79%). MM diagnosis was defined as certain, prob-
able, and possible. Information concerning asbestos exposure was collected through an analytical questionnaire ad-
ministered to patients or proxies and classified as occupational and non-occupational. Results: Occupational exposure
accounted for 82% of cases, significantly increasing from 71% to 88% in the most recent period. A more accurate defi-
nition of occupational exposure indicates that specific exposure has gone from 49% in the first period to 62% and 58%
in the last two periods; probable exposure decreased from 21% to 16%, while possible exposure decreased from 16% to
13%. Familiar exposure remained relatively constant at around 8%, environmental exposure slightly decreased from
4% to 2%, while non-occupational exposure remained stable at 2%. Among patients with exclusively occupational
exposure (1,826 cases), 87% were male and aged between 65 and 75 years (36%) and 75+ (41%). Exposure rates for
the province of residence see the province of Reggio Emilia with the highest occupational exposure rate (2.5 x 100,000
residents), followed by Ravenna (2.3 x 100,000 residents) and Parma and Piacenza, which have similar exposure
rates with 2.2 x 100,000 residents. Occupational sectors such as construction, railway maintenance, and metalwork-
ing are identified as high-risk industries. Despite efforts to mitigate exposure, non-occupational and environmental
exposures persist. The study highlights the importance of continuous surveillance and exposure monitoring fo guide
effective interventions and legal recognition of MIM.
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1. INTRODUCTION

Malignant mesothelioma (IMM) represents a rare
tumor, nevertheless significant in terms of public
health, primarily due to its well-documented asso-
ciation with asbestos exposure in both occupational
and environmental settings [1, 2]. This association
has led to a concerning escalation in MM incidence
rates across Italy and numerous other industrialized
countries [3-8]. In our country, asbestos was defini-
tively banned in April 1994 (Law 257/92); never-
theless, the long latency between exposure and onset
of the disease, the extension of life, and the im-
provement of diagnostic techniques have recorded
an increase in the incidence of MM in recent years,
currently still ongoing, even if the incidence trends
of population, according to the latest reports, do not
seem to grow further [9-12].MM is a disease that
mainly affects the pleura (80-90%) and peritoneum
(10-15%) [13-15], although, in recent years, there
has been growing interest in the forms that affect
the pericardium and testicle [16, 17]. The main his-
tological subtype of mesothelioma is represented by
the epithelioid form, which has a better prognosis
than biphasic and sarcomatoid tumors. The surgical
approach involves a complete macroscopic resection
in combination with chemotherapy or radiotherapy.
In cases deemed unresectable, the therapeutic ap-
proach involves chemotherapy with the regimen
of cisplatin plus pemetrexed [18]. The prognosis
is poor, with a median survival between 10 and 13
months [19, 20].

Most cases of mesothelioma are attributed to oc-
cupational or environmental exposure to asbestos. The
association of mesothelioma and exposure to asbestos
fibers had been well documented by Wagner for the
first time in 1960 [21]. The risk of mesothelioma on-
set after exposure to asbestos increases continuously
with the time elapsed since exposure. It appears to
peak approximately 45 years after exposure for pleu-
ral mesothelioma, while for peritoneal mesothelioma,
it continues to increase even after exposure period
[22]. In general, the incidence of mesothelioma has
decreased over the years in the United States in con-
junction with the decrease in occupational exposure
to asbestos and has remained stable since 2003 [23].
There is approximately 20% of mesothelioma cases

in which significant asbestos exposure is not docu-
mented, including radiations [24], mineral fibers
other than asbestos [25], viruses [26], and genetic
factors are other putative causes [27].

The onset of mesothelioma typically occurs in
older patients: the average age at presentation is
74 years for pleural mesothelioma and 68 years for
peritoneal mesothelioma [28]. For cases that arise
at a younger age, considering the long latency pe-
riod [29], one could hypothesize a genetic predis-
position or environmental exposure to carcinogenic
mineral fibers rather than asbestos exposure alone.
MM shows a dose-responsive asbestos exposure in
reaction to cumulative asbestos exposure [30, 31];
however, MM can also arise following modest and
time-limited exposures [32], as well as among fam-
ily members responsible for washing work clothes
contaminated by asbestos [2, 33]. Furthermore,
cases of MM resulting from environmental asbestos
exposure have been well documented among resi-
dents living near industrial sites [34-36], underscor-
ing the presence and pervasive use of asbestos. In
the Emilia-Romagna Region, an MM registration
activity started in 1996 to monitor the incidence
of mesothelioma and evaluate exposure to asbes-
tos with the possibility of creating a network of
professionals sensitized on the topic. The National
Mesothelioma Registry (ReNaM) was established
by Prime Ministerial Decree 308/02; the regional
registry was identified as leveraging a network of
Regional Operations Centers (CORs).

The Emilia-Romagna COR collects all cases of
mesothelioma of the pleura, pericardium, peritoneum,
and tunica vaginalis testis from patients residing in
the Emilia-Romagna Region at the time of diagnosis.
Data collection was initiated in 1996, following the
guidelines of the National Registry [36]. This study
aims to describe, based on the malignant mesothe-
liomas registered in Emilia-Romagna, northern Italy
(January 1996-June 2023), the mesothelioma trend
and asbestos exposure concerning the type of expo-
sure and residence of the exposed individuals.

2. METHODS

The study includes all malignant mesothelio-
mas of the pleura, peritoneum, pericardium, and
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tunica vaginalis of the testicle occurring in the
resident population of Emilia-Romagna from 1
January 1996 to 30 June 2023. For each registered
case, detailed anatomical-pathological reports and
the medical records from relevant hospitalizations
conducted at public and private healthcare facili-
ties, within or outside the region, are acquired and
reviewed by COR staff. The diagnostic classifica-
tion of each case is determined according to the
guidelines established by the National Registry
[36] (Table S1-A) and includes only MM defined
as certain, probable, and possible. Information con-
cerning asbestos exposure, both occupational and
non-occupational, is collected through an analyti-
cal questionnaire administered to patients or their
closest family members by the sanitary personnel
of the Public Health Departments, constituting the
regional survey network. A panel of experts subse-
quently evaluates the questionnaire responses, and
exposure classification is conducted again according
to the national guidelines [36] (Table S1-B). This
study includes exposures classified as categories
1-7 only.

Descriptive analyses of patient characteristics by
sex, age of diagnosis, tumor site, and the province of
residence were reported. The standardized incidence
rate for the provinces was calculated. Population
estimates, used to derive rates, are represented by
the general population of the Emilia Romagna re-
gion registered on 1 January of each year. Incidence
rates were adjusted to the 2013 European standard
population and calculated per 100,000 person-years.
Exposure levels were categorized by distinct periods
(1996-2000, 2001-2005, 2006-2020, 2011-2015
and 2016-2019). 2020-2023 was excluded from
the analysis due to ongoing data collection activi-
ties. Analyses were performed using STATA 16.1
software.

3. RESULTS

Between 1 January 1996 and 30 June 2023, 3,513
cases of MM were registered (Table 1).

Predominantly, 72% of cases were diagnosed in
males, with 79% occurring in individuals aged 65
and older, representing a median age of 72.5 years,
and 22% are residents in Bologna.

Table 1. Emilia-Romagna Mesothelioma Registry 1996-2023.
Cases by sex, age, province, and site.

n %

Overall 3,513
Sex
Female 977 27.8
Male 2,536 72.2
Age group
0-44 50 1.4
45-54 159 4.5
55-64 526 15.0
65-74 1,111 31.6
75+ 1,667 47.5
Province
Bologna 774 22.0
Forli-Cesena 250 7.1
Ferrara 342 9.7
Modena 391 11.1
Piacenza 298 8.5
Parma 408 11.6
Ravenna 364 10.4
Reggio Emilia 528 15.0
Rimini 158 4.5
Site
Pleura 3,225 91.8
Peritoneum 256 7.3
Pericardium 10 0.3
Testicular 22 0.6

mean sd
Age at diagnosis 72.5 10.7

Concerning site distribution, 3,225 cases (91.8%)
involved the pleura, while 256 cases (7.3%) affected
the peritoneum. Smaller proportions were regis-
tered for pericardial (10 cases, 0.3%) and testicular
(22 cases, 0.6%) mesotheliomas.

A detailed investigation through 2,226 question-
naires administered from 1996 to 2019 revealed
evolving trends in asbestos exposure (Table 2).
Occupational exposure was predominant across
all periods, increasing from 70.7% in the initial

period (1996-2000) to 87.9% in the most recent
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Table 2. Emilia-Romagna Mesothelioma Registry. Years 1996-2019. Definition of the 2,226 questionnaires by year and type
of exposure.

Non-occupational

Occupational exposure exposure Unexposed
N % N % N % Total
1996-2000 210 70.7 34 11.4 53 17.8 297
2001-2005 329 79.5 44 10.6 41 9.9 414
2006-2010 367 78.4 56 12.0 45 9.6 468
2011-2015 505 87.8 62 10.8 8 1.4 575
2016-2019 415 87.9 55 11.7 2 0.4 472

Table 3. Emilia-Romagna Mesothelioma Registry. Years 1996-2019. Definition of the 2,077 questionnaires (only exposed to
asbestos) by year and subtypes of exposure.

1 2 3 4 5 6 Total
n % n % n % n % n % n %
1996-2000 120 492 52 213 38 15.6 21 8.6 9 3.7 4 1.6 244
2001-2005 224 60.1 52 13.9 53 14.2 27 7.2 12 3.2 5 1.3 373
2006-2010 267  63.1 58 13.7 42 9.9 36 8.5 9 2.1 11 2.6 423
2011-2015 353 62.3 89 15.7 63 111 41 7.2 16 2.8 5 0.9 567

2016-2019 275 585 77 16.4 63 13.4 36 7.7 9 1.9 10 2.1 470

1 occupational certain; 2 occupational probable; 3 occupational possible; 4 familial; 5 environmental; 6 non-occupational.

period (2016-2019). This upward trajectory per-
sisted despite the progressive increase in question-
naires administered over time (Table 2). Conversely,
non-occupational exposure exhibited a consistent
pattern of stability throughout the study period,
around 11%. Finally, cases with sufficient documen-
tation but without a defined exposure to asbestos
decreased substantially from 17.8% during the ini-
tial period to only 0.4% in the final period.
Excluding the 149 not exposed, Table 3 shows
the trend over time based on an analysis focusing
solely on exposed individuals divided by exposure
levels. Specific occupational exposure has demonstrated
an upward trend, increasing from 49.2% in the first
period to 62.3% and 58.5% in the last two periods.
Conversely, probable occupational exposure decreased
from 21.3% to 16.4%, while possible exposure de-
creased from 15.6% to 13.4%. Family exposure
remained relatively constant at around 8%. Envi-
ronmental exposure decreased slightly from 3.7% to

1.9%, whereas non-occupational exposure remained
stable at approximately 2%.

Among patients with only occupational exposure
(1,826 cases) (Table 4), a substantial majority were
male (87.4%) and belonged to older age groups, spe-
cifically 35.6% aged 65-74 years and 41.1% aged 75
or older.

When examining the province of residence
among patients with occupational exposure, we ob-
served that 21.9% resided in Bologna, 16.7% in Reg-
gio Emilia, and 11.7% in both provinces of Parma
and Ravenna. However, when assessing exposure
rates for the province of residence, Reggio Emilia
emerged with the highest rate of occupational ex-
posure (2.5 x 100,000 residents), followed closely by
Ravenna (2.3 x 100,000 residents) and Parma and
Piacenza, which exhibit similar exposure rates at
2.2x 100,000 residents. Considering the differences
between sexes, the provinces with the greatest male
exposure are confirmed as Reggio Emilia, Ravenna,
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Table 4. Emilia-Romagna Mesothelioma Registry. Years 1996-2019. Definition of the 1826 questionnaires (only occupational

exposures to asbestos) by sex, age, province of residence, and tumor site.

Total Males Females

n % TSD % TSD n % TSD
Overall 1,826
Sex
Females 230 12.6
Males 1,596 87.4
Age group
0-44 24 1.3 23 1.4 1 0.4
45-54 93 5.1 72 4.5 21 9.1
55-64 309 16.9 276 17.3 33 14.4
65-74 650 35.6 563 353 87 37.8
75+ 750 41.1 662 41.5 88 38.3
Province
Bologna 400 21.9 1.7 353 22.1 2.5 47 20.5 0.3
Forli-Cesena 124 6.8 1.4 115 7.2 2.2 9 3.9 0.1
Ferrara 177 9.7 2.0 162 10.1 2.8 15 6.5 0.2
Modena 165 9.0 1.0 145 9.1 1.6 20 8.7 0.2
Piacenza 148 8.1 2.2 127 8.0 3.0 21 9.1 0.3
Parma 214 11.7 2.2 174 10.9 2.9 40 17.4 0.6
Ravenna 213 11.7 2.3 201 12.6 33 12 5.2 0.2
Reggio Emilia 307 16.8 2.5 247 15.5 3.7 60 26.1 0.7
Rimini 78 43 1.1 72 4.5 1.8 6 2.6 0.1
Site
Pleura 1711 93.7 1,504 94.2 207 90.0
Peritoneum 101 55 78 4.9 23 10.0
Pericardium 4 0.2 4 0.3 0 0.0
Testicular 10 0.6 10 0.6 0 0.0

and Piacenza. The provinces with the highest expo-
sure for females are Reggio Emilia and Parma, fol-
lowed by Piacenza and Bologna.

4. DISCUSSION

This study aimed to describe the trends of
malignant mesothelioma and asbestos exposure in
northern Italy. The work included 3,513 cases of ma-
lignant mesothelioma occurring in Emilia-Romagna
from January 1996 to 30 June, 2023. The analysis of
2,226 questionnaires from 1996-2019 documented

occupational exposure in 82% of cases, non-
occupational exposure in 11%, and 7% of cases were
declared unexposed.

These findings highlight the persistent public
health challenges associated with asbestos exposure,
prompting a series of considerations.

First, the increase in occupational exposure, par-
ticularly within specific sectors like construction and
metalworking, underscores the persistent risk de-
spite regulatory measures. Our analysis revealed an
increasing trend in occupational exposure over time,
rising from 71% in the first period to 88% in the
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last period. Conversely, non-occupational exposure
remained stable, with a decline in the proportion of
unexposed subjects, dropping from 18% to 0.4% in
the most recent period. However, it is crucial to note
that this escalation in exposed cases may be attrib-
uted more to improved exposure definition than an
actual increase in occupationally exposed incidents.
This interpretation is supported by the diminishing
number of unexposed subjects over time, from 53
cases in the first period to merely 2 cases in the last
period. Additionally, the most significant increase
was observed in the category of specific occupational
exposure, reflecting a rate of 10% over time. This
category requires robust documentation to validate
exposure, including morphological certainty, im-
munohistochemical confirmation, and a compatible
clinical picture.

The second consideration delves into gender dis-
parities observed in asbestos-related MM, where
a clear predominance of cases in males emerged,
consistent with global trends [37]. Nonetheless,
the lower proportion of female cases in occupations
historically linked to asbestos exposure quite clearly
explains the difference in the exposure rates. When
focusing solely on occupational exposure, our find-
ings confirmed a predominance of male individu-
als, typically older, and predominantly manifesting
pleural mesothelioma.

'The geographic distribution of exposed individu-
als is noteworthy, with the majority residing in the
province of Reggio Emilia. This province harbored
the highest concentration of asbestos-cement-
producing industries across the region, a significant
factor in explaining the elevated exposure rates. Fur-
thermore, a substantial portion of these industries’
labor force comprises females.

An additional concern deals with the specific as-
bestos-related industries and occupations associated
with an increased risk of malignant mesothelioma,
already described in the literature [11,38].In Emilia-
Romagna, specific industries, such as building con-
struction (uniformly distributed throughout the
Region), railway rolling stock construction/repair
(predominantly in Bologna and Reggio Emilia
provinces), metalworking, sugar factories/other food
industries, and asbestos-cement product manufac-

turing (with nearly 80% based in Reggio Emilia

province), as well as in the petrochemical hubs lo-
cated in the provinces of Ravenna and Ferrara were
prominently associated with mesothelioma onset.

According to WHO, about 125 million indi-
viduals worldwide are highly exposed to asbestos
at work, resulting in over 255,000 deaths annually
from asbestos-related diseases [39]. Considering
E.U. statistics on occupational diseases collected by
Eurostat, 78% of recognized cases of occupational
cancer in the E.U. are linked to asbestos [40], and
85% affect males [41].

In Italy, asbestos was extensively used from 1945
to 1992. For instance, in Lombardy during the pe-
riod from 2000 to 2012, 4,442 cases of MM were
recorded with occupational asbestos exposure more
prevalent in men (73.6%) than in women (38.2%)
[42], figures comparable to those reported in our
study (76% and 14%, respectively). Despite the ban
on asbestos in 1992, its exposure among construc-
tion workers in Italy remains a significant concern.
Among over 31,000 cases of MM reported between
1993 and 2018, asbestos exposure was documented
in 78.2% of cases, with occupational exposure noted
in 69.1% of subjects. In the construction sector,
there has been a concerning trend of increasing ex-
posure from 15.8% in 1993-1998 to 23.9% in 2014-
2018 [43].

Our study indicates 11% non-occupational ex-
posure, with literature reporting an excess risk for
familial (HR 5.4; 95% CI 2.6-11.2) and environ-
mental (HR 6.9; 95% CI 4.2-11.4) exposures, with
no significant variation concerning the type of fiber
(chrysotile, mixed and amphibolic) [44]. Although
environmental exposure appears to be slightly de-
creasing, it remains a risk for the general population
through contact with commercial products contain-
ing asbestos (e.g., housing materials) [34]. Notably,
data on environmental exposures typically exhibit a
male-female ratio of 1, albeit less robust compared
to occupational exposures [45]. Presently, approxi-
mately 8,200 asbestos-related cancer deaths occur
annually, with projections suggesting a rise to ap-
proximately 9,700 cancer deaths per year by 2000.
[46]. Globally, the burden of mesothelioma contin-
ues to increase, with an estimated 34,511 incident
cases and 29,251 deaths recorded in 2019. Also,

while the burden rate decreased among individuals
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under 70, it increased within the population over 80,
especially in regions with a high socio-demographic
index [47]. Projections based on SEER data for 2008
estimate approximately 2,400 mesothelioma cases,
with asbestos identified as the probable cause in
58% of instances. Encouragingly, these data predict
that asbestos will no longer be a significant factor
in mesothelioma cases after 2042. However, for the
period spanning from 2008 to 2042, estimates sug-
gest over 68,000 cases of mesothelioma, with asbes-
tos implicated as the probable cause in 34% of cases
[48]. These projections emphasize the enduring im-
pact of past asbestos exposure and the imperative for
sustained efforts in prevention, early detection, and
comprehensive management strategies to mitigate
the future burden of asbestos-related diseases.

Among the strong points of this work, it is high-
lighted that these are cases with a high percentage
of microscopic confirmations (95%), which reflects
the attitude of the registry to build a real detection
network at the regional level which includes pa-
thologists, pulmonologists, thoracic surgeons, gy-
necologists and internal medicine doctors, as well
as occupational doctors. Such collaboration contrib-
utes to the high percentage of extra-pleural tumors
observed, surpassing the Italian average, and facili-
tates the thorough collection of detailed question-
naires. Furthermore, our effort to directly gather
patient information, rather than relying on family
members, ensures the accuracy and reliability of
documentation regarding previous exposures. Given
the high mortality rate associated with MM, this
approach requires considerable organizational ef-
forts to conduct patient interviews, often managed
at home or in hospital settings. This meticulous pro-
cess underscores the importance of comprehensive
data collection in informing effective prevention
and management strategies for MM.

The study faces several significant limitations.
Its retrospective design introduces biases that may
skew findings. Accurately assessing asbestos expo-
sure proves challenging; relying on occupational
histories or geographic data may overlook environ-
mental or distant exposures. Mesothelioma’s long
latency requires prolonged follow-up to detect cases
reliably. Small sample sizes outside specific occu-
pational groups limit generalizability. Addressing

these challenges demands meticulous study design,
rigorous data collection, and interdisciplinary col-
laboration to provide accurate evidence for inform-
ing public health policies and preventive measures.

5. CONCLUSION

Our study highlights ongoing concerns regarding
asbestos exposure in northern Italy, revealing per-
sistent occupational risks, gender disparities, and a
global rise in asbestos-related diseases. Moving for-
ward, continued research and comprehensive data
collection are crucial for informing effective preven-
tion strategies and improving outcomes for indi-
viduals affected by MM and other asbestos-related
conditions. Furthermore, such efforts could facilitate
improved diagnostic and therapeutic approaches for
the patient, rationalize the eligibility for the pub-
lic insurance entity’s privileged protection against
work-related injury, and reduce legal disputes over
the identification of disease-related effects.
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Supplementary material
Table S1. Diagnostic definition of the level of certainty of malignant mesothelioma (A) and exposure to asbestos (B) according
to the guidelines of the National Mesothelioma Registry (ReNaM).

A. Definition of the level of certainty of malignant mesothelioma

MM certain Histology presents with characteristic morphological picture, characteristic/suggestive/absent
immunohistochemistry + diagnostic confirmation by imaging/clinical discharge diagnosis

MM probable Histology presents with doubtful morphological picture or cytology with characteristic
picture + diagnostic confirmation by imaging/clinical discharge diagnosis

MM possible Absent histology/cytology, indicative clinical and radiological data + hospital discharge
diagnosis of MM

MM to define “Temporary container” for cases that do not fall into any of the previous levels

Non mesothelioma Cases deceased for at least two months who do not meet the requirements to be included in

the first three levels

B. Definition of the level of exposure to asbestos

reliable professional

probable professional
professional as possible
familiar

environmental
extra-professional (no 4 and 5)
unlikely (not exposed)

unknown (no one knows)

O 0 NN O Ll AW N

to be defined (questionnaire to be completed)

=
o

not classifiable (no interview due to refusal or otherwise)
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ABSTRACT

Background: Colleague violence experiences of students negatively affect their vocational education in the short
term and their desire fo stay in the profession in the long term. This study aims to determine the levels of colleague vio-
lence experienced by nursing students and the affecting factors in Tiirkiye. Methods: 75is study was conducted with
second-, third-, and fourth-year nursing students (N = 703) from three state universities in three different provinces
in Turkey. The data were collected using the “Student Information Form” and “The Scale of Exposure to Colleague
Violence” with an online questionnaire. Descriptive statistics, the Independent Samples t-test, and the ANOVA test
were employed for data analysis. Results: Students’ total mean score on the scale was 46.72 + 21.30. The ‘exposure
to verbal/psychological violence” and “effect of violence on physical and mental health” subscales were 21.62 + 10.09
and 25.10 + 12.02, respectively. The most common reaction to the violence they were exposed to was ‘remain silent”
(34.7%). Conclusions: Nursing students were exposed to moderate levels of verbal/psychological colleague violence,
and students’ physical and mental health were moderately affected by this violence. Most students remained silent as a
response to colleague violence. This study contributed fo the emergence of factors that affect and are related to colleagues’
violence. The results highlighted the need for programs that educate people about colleague violence and what should
be done.

Workplace violence (WPV) is defined as
“incidents where staff is abused, threatened, or as-
saulted in the circumstances related to their work,

1. INTRODUCTION

Violence is defined as “the intentional use of

physical force or power, threatened or actual, against
oneself, another person, or against a group or com-
munity, that either result in or has a high likelihood
of resulting in injury, death, psychological harm,
maldevelopment or deprivation” [1]. The phenom-
enon of violence, which continues to exist increas-
ingly today, negatively affects millions of people
physically and mentally [2].
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including commuting to and from work, involving
an explicit or implicit challenge to their safety, well-
being, or health” [3]. Working in areas where secu-
rity measures are low and crime rates are high and
working with people with a history of violence and
drug and alcohol addiction are stated as risk factors
for workplace violence [4]. WPV in the health field

is more than in other workplaces. Aggression and
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violence against healthcare professionals is a global
problem [5, 6]. Violence in health institutions is
defined as “verbal or behavioral threat, physical as-
sault or sexual assault from the patient, patient rela-
tives or another individual that poses a risk to the
health worker” [5]. WPV can be classified as physi-
cal violence, verbal violence, psychological violence,
and sexual harassment. Physical violence and sexual
harassment have reportedly been less common than
verbal and psychological abuse [7, 8].

WPV can be classified as vertical and horizontal
violence according to its structure. Vertical violence
involves both healthcare workers and patients, while
horizontal violence occurs only between healthcare
workers or patients themselves [4]. Horizontal vi-
olence is called co-worker or peer violence and is
quite common in the healthcare industry [9]. Hori-
zontal violence includes disrespectful and humiliat-
ing behavior that damages a person’s reputation and
value through negative behavior such as intimida-
tion, belittlement, bullying, and hostility, usually
carried out by peers or colleagues and often by peo-
ple who have relative power over the victim [9,10]
Horizontal violence is nurse-to-nurse common in
clinical practice [11].

Colleague violence among nurses is an act of ag-
gression perpetrated by a colleague against another
colleague. While colleague violence is usually verbal
or emotional abuse, it can also include physical abuse
[12]. Colleague violence in nursing usually mani-
fests itself in situations such as constantly criticizing,
engaging in insulting interpretations, humiliating,
applying pressure, speaking loudly and shouting,
making groundless accusations, ignoring, acting
in a sarcastic and ridiculous style, making a scape-
goat, and overburdening [13, 14]. WPV is a major
threat to nurses’ physical and mental health [7].
Furthermore, workplace violence can cause nurses
to leave their profession, decrease nurse manpower,
and disruption in the delivery of care [15].

Nursing students are more likely to encounter
colleague violence in healthcare settings due to in-
experience [16-18]. Nursing students participate in
clinical placements to undertake nursing care under
the guidance and support of experienced nurses [19].
Nurses need to have a supportive attitude towards
nursing students during clinical placement. Because

it will enable students to feel safe in the healthcare
team and provide professional satisfaction by hav-
ing a positive clinical practice experience [9]. Nurs-
ing students experience problems such as anxiety,
psychological distress, lack of self-confidence, and
loss of self-esteem due to colleague violence they
are exposed to during their clinical practice [18,
20]. Colleague violence negatively affects nursing
students’ learning desires, professional perceptions,
professional development, professional commit-
ment, quality of clinical training, and interpersonal
communication with team members, patients, and
their relatives [13, 21].

In the systematic review and meta-analysis study
conducted by Mohammed et al., 55.1% of nursing
students were exposed to workplace violence, and
24.2% of these were committed by nurses [22]. The
issue of colleague violence needs to be addressed as
it is on the rise [8]. Colleague violence experiences
of students negatively affect their vocational educa-
tion in the short term and their desire to stay in the
profession in the long term [23]. Determining the
exposure of nursing students to colleague violence
and its effects will contribute to the determination
of necessary strategies for the prevention of violence
and its effects in both clinical and academic fields.
'This study aims to determine the levels of colleague
violence experience of nursing students in clinical
practice and the factors affecting colleague violence

in Turkiye.
2. METHODS
2.1. Design

To meet the study’s aims, a descriptive and cross-
sectional study was designed using the Strength-

ening the Reporting of Observational Studies in
Epidemiology (STROBE) checklist.

2.2. Participants and Sample

'The study population was nursing students en-
rolled in nursing departments of three different state
universities in three different provinces in Tirkiye.
Nursing students at the universities included in the
research: first-year nursing fundamentals; internal
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diseases nursing, surgical diseases nursing in the
second year (2nd); women’s health and obstetrics
nursing, pediatrics nursing in the third year (3rd);
in the fourth year (4th), they receive education and
training in the form of theoretical education and
clinical practice for mental health nursing, commu-
nity health nursing, nursing management, and nurs-
ing education courses. The inclusion criteria were
undergraduate students in nursing programs at the
selected universities, enrolled in the 2nd, 3rd, and
4th years, with internet access, and willing to par-
ticipate. Since first-year students did not have suf-
ficient clinical experience, they were not included in
the sample due to their inability to be with their
colleagues. First-year students were excluded from
the study.

The study’s sample size was calculated with
the G*Power 3.1.9.7 software program. It was
determined as 210 students based on 95% power,
medium effect size (d=0.50), and 0.05 significance
level using the Independent Samples t-test on this
software. Considering a 20% loss in the study, the
sample size was planned to consist of 252 students.
737 nursing students participated in the study. 34 of
737 students were excluded because they were first-
year students. As a result of the post hoc power anal-
ysis performed considering the sample size of 703
students, based on the Independent Samples t-test
used in this study, the power of the study was calcu-
lated as 0.99% with an effect size of 0.47 (a medium
effect) and a margin of error of 0.05 [24, 25].

2.3. Instrument

The “Student Information Form” and the “The
Scale of Exposure to Colleague Violence (SECV)”
were used to collect the study’s data.

The Student Information Form: As a result of
the literature review by the researchers, 14 items
consist of expressions such as the student’s age, gen-
der, alcohol and cigarette use, psychiatric diagnosis,
income perception, family type, choice of depart-
ment voluntarily, academic success status, reactions
to colleague violence, and of committing violence
against others [11, 21, 26].

The Scale of Exposure to Colleague Violence
(SECV) was developed by Bahadir-Yilmaz et al.

(2020), to determine the severity of colleague
violence experiences of nursing students in clini-
cal practice and the effect of colleague violence
on them. The scale consists of 22 items with five-
point Likert-type questions, and Each item has
scores on a Likert scale ranging from “1=Strongly
Disagree,” “2=Disagree,” “3=Moderately Agree,”
“4=Agree,” and “5=Completely Agree.”The scale has
two subscales defined as “The exposure to verbal/
psychological violence” ve “The effect of violence
on physical and mental health”. The minimum and
maximum scores that can be obtained from the total
of the scale are between 22 and 110. The “Exposure
to verbal/psychological violence” sub-dimension has
a minimum and maximum of 11-55 points, and the
“Effect of violence on physical and mental health”
sub-dimension is between 11-55 points. The higher
scores obtained from the scale indicate a higher level
of exposure to violence and the higher negative ef-
fects of violence on physical and mental health.
The items in the scale “The Scale of Exposure to
Colleague Violence (SECV)” are given in Table 3.
Cronbach’s alpha value for the scale was 0.94, and
they were found to be 0.93 for “The exposure to ver-
bal/psychological violence” and 0.89 for “The effect
of violence on physical and mental health” [20]. In
this study, the Cronbach alpha value was found to
be 0.93 for the total scale, 0.90 for the “exposure
to verbal/psychological violence” subscale, and 0.89
for the “effect of violence on physical and mental
health” subscale.

2.4. Data Collection

In 2022, the study was carried out in two academic
periods between April and November. Consider-
ing the students’ clinical experience and exposure
to their colleagues, the sample was collected during
the academic year. Participating students completed
data collection forms through a secure online survey
platform. The online survey link of the study was
delivered to the nursing students through the fac-
ulty members working in the nursing departments
of the universities and the nursing student repre-
sentatives in these universities. The goal of the study,
the fact that participation in the study is optional,
and the fact that they can leave at any moment were
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all explained to the students in an explanation para-
graph before they were led to the online data collec-
tion forms. After reading the informative material,
the students who accepted to participate in the study
were given access to the online questionnaires. Per-
sonal information like the names and numbers of
the students was excluded from the data collection
forms to protect the participants’ confidentiality. The
nursing students answered the research questions
without any time limitations.

2.5. Ethical Considerations

The relevant Social and Humanities Ethics Com-
mittee also approved (07.04.2022, Number of meet-
ing: 05, Decision no: 06). The study followed the
Helsinki Declaration.

2.6. Analysis of Data

SPSS 22.0 was used to analyze the data. The data
were assessed using descriptive statistics. Skewness
(.766) and kurtosis (-.246) values were used to de-
termine whether the data were normally distrib-
uted. Data found homogenous by Tabachnick and
Fidell (2013) values between +1.5 and -1.5 [27].
Since the data were normally distributed, paramet-
ric tests were used. The independent variables were
descriptive characteristics of students. The depend-
ent variable is the SECV mean scores. The “Inde-
pendent Samples t-test” was used to compare the
means of two separate groups, while the “ANOVA
test” was used to compare three or more independ-
ent group samples. For post hoc analysis, Tukey’s
and Schefte’s tests were applied. For all analyses,
the level of statistical significance was specified at

2 < .05 (two-tailed).
3. RESULTS

'This study was completed with 703 nursing stu-
dents. The mean age of the students was 21.5 + 1.87,
and 68.1% were female. The majority of the students
did not smoke, drink alcohol, or have any psychiat-
ric diagnosis. 51.8% of the students had a medium
income level, and 71% had a nuclear family struc-
ture. 67% of the students perceived their academic

achievement at a moderate level, 58.6% chose nurs-
ing voluntarily, and 46.5% were satisfied with being
in the nursing department (Table 1).

The mean scores of the total and subscales of the
4th-grade students, the students who had a psychi-
atric diagnosis, perceived their academic success as
bad, were not satisfied with the department, were
exposed to violence other than colleague violence,
and inflicted violence on others were statistically
significantly higher (p < .05). The mean score of the
“exposure to verbal/psychological violence” subscale
of the students who use alcohol was statistically sig-
nificantly higher. The “effect of violence on physical
and mental health” subscale mean scores of students
who willingly chose the department were lower
(p < .05). Of the students, 48.9% were not exposed
to any violence, and 85.9% did not inflict violence
on others (Table 1).

The three most common reactions to colleague
violence were “remain silent” (34.7%), “ignore”
(33.6%), and “share with friends and family mem-
bers” (29.1%) (Figure 1).

The total mean score of SECV of students was
46.72 + 21.30. The mean score of the “exposure to
verbal/psychological violence” subscale was 21.62 =+
10.09, and the mean score of the “effect of violence
on physical and mental health” subscale was 25.10 +
12.02 (Table 2).

Table 3 displays the mean scores of the SECV
items. The statement “I am afraid of not meeting
their expectations” was in the highest position with
an average of 2.53 + 1.37. The statement with the
lowest mean is “They frighten us with threats.” with

1.61 + 0.98 (Table 3).
4. DISCUSSION

Nursing students are mostly exposed to violence
and encounter rude behavior in clinical practices [28,
29]. Studies show that nursing students frequently
experience colleague violence [3, 14, 21, 30]. In a
study conducted with Turkish nursing students, stu-
dents were exposed to moderate levels of colleague
violence in clinical practice [20]. In a study of Aus-
tralian nursing students, half of the students had
been bullied and harassed in the previous 12 months,
and nurses were among those who were bullied and
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Table 1. Students’ characteristics and the relationship between characteristics and SECV scores (n = 703).

Exposure to verbal/ Effect on physical and

psychological violence mental health Total
Characteristics N % Mean + SD Mean + SD Mean + SD
Study year
2nd year® 283 40.3 20.05 + 8.83 23.36 + 10.98 43.41 +18.97
3rd yearb 294 41.8 22.01 +10.51 25.54+12.25 47.55+21.91
4th year® 126 17.9 2425 +11.13 27.97 +25.10 52.23 +23.54
Test™; p = 8.079; < 0.001 (a,c) = 6.865; 0.001 (a,c) F=7.996; < 0.001 (a,c)
Gender
Female 479 68.1 21.74 £10.18 25.67 £12.26 47.41 £ 21.55
Male 224 31.9 21.36 £+ 9.91 23.88 £ 11.42 45.25 +20.73
Test; p t=.472;0.637 #=1.833;0.067 t=1.257;0.209
Alcohol
Yes 84 11.9 23.90 + 11.15 26.61 +12.44 50.52 £22.93
No 619 88.1 21.31+9.91 24.89 +11.96 46.21 + 21.04
Test; p t=2.213;0.027 #=1.232;0.218 #=1.743;0.082
Smoking
Yes 134 19.1 22.96 + 11.37 26.44 +12.75 49.41 £ 23.32
No 569 80.9 21.30 £ 9.75 24.78 +11.83 46.09 + 20.77
Test; p #=1.708; 0.088 #=1.440; 0.150 #=1.623;0.105
Psychiatric diagnosis
Yes 20 2.8 27.05 +12.57 31.70 + 13.87 58.75 £+ 25.61
No 683 97.2 21.46 +9.97 2490 £ 11.92 46.37 £ 21.08
Test; p t= 2.447;0.015 t= 2.498;0.013 t=2.571;0.010
Income perception
Low 293 41.7 21.92 +10.22 25.99 +12.29 47.92 + 21.61
Average 364 51.8 21.62 + 9.68 24.78 + 11.65 46.40 + 20.56
High 46 6.5 19.73 + 12.26 21.89 +12.78 41.63 + 24.52
Test; p F=.932;0.394 F=2.585;0.076 F=1.821;0.163
Family type
Nuclear family 499 71.0 21.12 +9.77 24.86 + 11.95 45.99 +20.90
Extended family 184 26.2 22.57 +10.37 25.40 +11.97 4797 +21.57
Broken family 20 2.8 25.25 +13.89 28.35 + 14.33 53.60 +27.52
Test; p F=2.724;0.066 F=.886;0.413 F=1.660;0.191
Perceived academic success
Good* 179 25.5 19.96 + 9.05 22.96 +11.16 42.92 +19.53
Medium® 471 67.0 21.84 £ 9.89 25.44 + 11.85 47.29 +20.91
Bad® 53 7.5 25.24 +13.62 29.28 + 14.89 54.52 + 27.46
Test; p F=6.043;0.003 (a,c) F=6.326;0.002 (a,c) F=6.682;0.001 (a,c)

Table 1 continues
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Table 1. Students’ characteristics and the relationship between characteristics and SECV scores (n = 703). (continued)

Exposure to verbal/ Effect on physical and
psychological violence mental health Total
Characteristics N % Mean + SD Mean + SD Mean + SD
Choosing the department willingly
Yes 412 58.6 21.41 +10.15 24.16 = 11.69 45.58 + 21.18
No 291 41.4 21.91 £ 10.02 26.43 +12.37 48.35 + 21.40
Test; p t=-.647;0.518 t=-2.474;0.014 t=-1.700; 0.089
Being satisfied with the department
Yes® 327 46.5 19.79 £ 9.18 21.97 +10.85 41.76 £ 19.38
NoP 116 16.5 2497 +12.31 29.49 +13.05 54.46 + 24.40
Not sure® 260 37.0 22.43 +£9.62 27.08 +11.96 49.51 + 20.67
Test; p F=13.017; < 0.001 (a-b)  F=23.762; < 0.001 F=19.731:< 0.001
(a-b,c) (a-b,c)
Exposure to violence other than colleague violence
Yes 344 48.9 23.09 +10.78 27.25+12.63 50.34 £22.42
No 359 51.1 20.21 £9.18 23.04 £ 11.04 43.25 +19.58
Test; p t=-3.820; < 0.001 t=-4.710; < 0.001 t=-4.472; < 0.001
Violence against another
Yes 99 14.1 25.34 +11.51 29.96 + 12.49 55.31 +22.74
No 604 85.9 21.01+9.71 24.30 £+ 11.76 45.31 + 20.74
Test; p t= 3.997; < 0.001 t= 4.401; < 0.001 t= 4.382; < 0.001

*SECV: The Scale of Exposure to Colleague Violence; *t: Independent Sample t-Test. F: One-way ANOVA.

REACTIONS TO COLLEAGUE VIOLENCE (N=268)

I remained silent
I ignored the person who did this behavior.
I shared with my friends and family
I became introverted
I shared with my clinical instructor
I spoke to the perpetrator
I blamed myself
I complained to the higher authorities  4.5%
I threatened her/him not to continue her violent behavior | 4,59,

I responded with violence 4.1%

Figure 1. Reactions to colleague violence.

34.7%
33.6%
29.1%
22.4%
20.1%

16.4%
12.7%

harassed [31]. In this study, according to the total
scale (min=22- max=110), the mean score was also

found to be moderate (46.72 + 21.30), the “expo-

sure to verbal/psychological violence” subscale score

(min=11- max=55) was also found to be low-mod-
erate (21.62 + 10.09). Since violence cannot be ac-
cepted at any rate and level in any setting, these results
should not be ignored and should draw attention to
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the issue. It was stated that students mostly did not
report colleague violence because they were afraid of
being treated negatively [31]. Therefore, in this study,
the possibility of students being reluctant to indi-
cate colleague violence should not be ignored. This
may have affected the level of exposure to colleague

Table 2. Range and mean scores of the Exposure to Colleague
Violence Scale and subscales.

Scales and subscales Min.-Max. Mean + SD
The exposure to verbal/ 11-55 21.62 £ 10.09
psychological violence

The effect of violence on 11-55 25.10 + 12.02
physical and mental health

Total 22-110 46.72 + 21.30

Table 3. The mean scores of the items of the SECV (n=703).

violence reported by students in this study. In this
study, our finding on the most frequent response to
violence by remaining silent shows that we should
not ignore it.

In this study, the “effect of violence on physi-
cal and mental health” subscale score (min=11-
max=55) was also found to be moderate (25.10 =+
12.02). According to the scale score similar to the
literature, the impact of violence on students’ physi-
cal and mental health was modest in the current
study [20]. In a qualitative study, students reported
teeling less excited and motivated about their careers
as a result of colleague violence [14]. The majority
of participants in a study looking into the clinical
experiences of bullying and/or harassment among
Australian nursing students said that the event left

Items Min. Max. Mean SD
1. They act like I am not there 1.00 5.00 2.39 1.25
2. 'They talk to me loudly. 1.00 5.00 2.16 1.15
3. I am exposed to humiliating words. 1.00 5.00 1.85 1.09
4. 'They do not allow me to apply the treatment to the patient. 1.00 5.00 2.27 1.26
5. They give me more work than I can handle. 1.00 5.00 2.25 1.22
6. When I make a mistake, they scold me repeatedly. 1.00 5.00 1.98 1.15
7. They make fun of the things we do 1.00 5.00 1.97 1.20
8. They gossip among themselves about us. 1.00 5.00 2.21 1.30
9. They frighten us with threats. 1.00 5.00 1.61 .98

10. They vent their anger on us when they get angry about something else. 1.00 5.00 2.18 1.30

11. 'They insist that I do something that I know is wrong 1.00 5.00 1.77 1.10

12. They say humiliating words in front of others. 1.00 5.00 1.79 1.09

13. They exhibit insulting behaviors in front of others. 1.00 5.00 1.79 1.13

14. When I am with them, I feel useless. 1.00 5.00 2.07 1.27

15. After working with them, I feel physically exhausted. 1.00 5.00 2.28 1.31

16. They cause me to be reluctant to practice 1.00 5.00 2.36 1.43

17. T am afraid of not meeting their expectations 1.00 5.00 2.53 1.37

18. They disincline me from my profession. 1.00 5.00 2.35 1.40

19. They negatively affect my clinical success. 1.00 5.00 2.27 1.37

20. I do not want to go to internship because of their behavior toward me. 1.00 5.00 2.20 1.36

21. T constantly have a headache after the internship due to the tension they 1.00 5.00 2.20 1.32

make me experience.

22. I cannot pay attention to the things I do. 1.00 5.00 2.13 1.28

SECV: The Scale of Exposure to Colleague Violence, Min: Minimum, Max: Maximum, SD: Standard Deviation.
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them feeling anxious and depressed [31]. Colleague
violence shouldn’t be discounted because it might
have adverse psychological impact on students and
long-term effects.

Nursing students’ exposure to colleague violence
is affected by many factors including some sociode-
mographic characteristics. This study has indicated
a higher likelihood of senior students experienc-
ing colleague violence, a finding consistent with
the existing literature [13, 21, 31]. Due to the in-
creased time spent in clinical settings, interactions
with colleagues, expectations from students, and
students’ tasks, the rise in students’ grade level may
have contributed to increased exposure to colleague
violence in clinical practice [28]. The students who
consume alcohol had higher levels of exposure to
verbal/psychological violence. Students may con-
sume alcohol as an ineffective way of coping with
stress [32]. Students who use alcohol may have dif-
ficulties coping with stress effectively and perform-
ing the desired performance in clinical settings. This
situation could have an impact on students’ exposure
to colleague violence in this study. According to this
study, students diagnosed with psychiatric condi-
tions are at a higher likelihood of being at risk for
colleague violence. The rate of exposure to violence
may have increased as a result of the mentally ill
students’ less successful academic achievement than
anticipated [33].

In the current study, students who perceived
their academic success as bad did not choose the
nursing department voluntarily, and were not sat-
isfied with the department were more exposed to
colleague violence and were affected by it. Profes-
sional success is closely related to knowing the
profession’s requirements and choosing the profes-
sion willingly [34, 35]. The profession perceptions
of students who chose the profession willingly and
are satisfied with the profession had higher positive
perceptions of nursing [35]. For nursing students to
be productive, they should perceive their profession
as important and valuable and have good commu-
nication skills [36]. According to a study, students
who believe they succeed academically have better
communication skills [37]. In our study, the posi-
tive perceptions of the students who had high aca-
demic success chose nursing voluntarily. They were

satisfied that the department enabled students to
cope more effectively with the problems they en-
countered in their clinical practice, to communicate
more positively with their colleagues, and to fulfill
the professional practices expected from them more
successfully. This may have reduced students’ expo-
sure to colleague violence. Colleague violence can
be avoided by developing students’ professional at-
titudes and successes.

In this study, the level of being exposed to col-
league violence was higher for students who were
exposed to violence other than colleague violence
and perpetrated violence against others. The fact
that students who were exposed to violence did not
teel safe and could not reach academic qualifications
[38] may have affected their exposure to violence in
their clinical education.

'The students reacted to colleague violence by be-
ing silent most frequently in the current study. Ig-
noring and sharing with friends and family were the
other most common reactions. In Ko¢ and Batkin’s
study, nursing students struggled with colleague vio-
lence by sharing with their friends and lecturers and
staying away [21]. A qualitative study conducted
with nursing students determined that students gen-
erally preferred to remain silent and communicate
with academics about the problems they encoun-
tered during their clinical practices [14]. In another
study, students who were exposed to colleague vio-
lence responded by avoiding communication [28].
Moreover, in this study, it was determined that the
rate of students responding to colleague violence
with violence, warning the perpetrator of violence,
and complaining was low. Students are vulnerable
and often feel powerless to question their colleagues
about their violent behavior [31]. Clinical educators
should closely monitor the communication and in-
teraction of the students with their colleagues in the
practice areas and support the students in report-
ing violent behaviors. It will help to define violent
behaviors, prevent colleague violence, and make it
easier for students to identify and report colleague
violence.

'The study’s strength is its use of a valid and reli-
able scale. Its limitations are that the results cannot
be generalized to all nursing students and that the
data is collected online.
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5. CONCLUSION

The level of exposure of nursing students to col-
league violence and the effect of the violence on
their physical and mental health were moderate. The
level of exposure to verbal/psychological violence of
the students was low. Students were most frequently
exposed to psychological violence and reacted to
violence by remaining silent. Colleague violence
should not be normalized. This study showed that
there is colleague violence. The results of this study
may help identify the essential tactics for reduc-
ing colleague violence, as well as for reviewing and
maybe correcting the elements that contribute to it.

Exposure to a low level of violence does not change
the fact that violence exists, it can be argued that
violence is a problem that should never be tolerated.
Academic nurses, clinical nurses, and nursing super-
visors all play a significant part in decreasing col-
league violence. For this, mutual expectations should
be shared and cooperation should be ensured in the
triangle of nursing student, educator, and manager.
Additionally, it’s critical to increase their understand-
ing of colleague violence. Nurse educators should
support students to share and report violence with
positive and constructive behaviors. For students to
voice their feelings and defend their rights when
they are the targets of colleague violence, it is crucial
to support them in developing their advocacy and
communication skills. Nurses should approach stu-
dents favorably, be good role models for pupils, and
be aware of their violent conduct. It is advised for
educators to incorporate the topic into the curricu-
lum and teach pupils about what violence is and how
to respond to it. Techniques such as case studies and
role-playing can be used to teach effective methods of
combating colleague violence. The negative effects of
colleague violence on students’ psychological health
should be considered. Counseling and psychological
support should be provided to all students who have
been subjected to colleague violence, but especially
to students with a diagnosis of psychological illness.
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ABSTRACT

Background: 7he study aimed to ascertain the effect of sleep hygiene training on nursing students’ sleep quality.
Methods: The research study group consisted of 80 nursing students studying in the nursing department. A quasi-
experimental model with a pretest-posttest control group was used. Sleep hygiene training was given to nursing stu-
dents in the experimental group. The sociodemographic data form for nurse students and the Pittsburg Sleep Quality
Index (PSQI) were used to collect data. The t-test for independent groups was used to compare the PSQI pre-test and
post-test scores of the experimental and control groups, and the dependent group t-test was used to compare the PSQI
pre~test and post-test scores within groups. Results: There was a difference in the sleep-related data of the nursing
students in the experimental and control groups and between the PSQI pretest and posttest score averages according fo
the groups. No significant difference between the pre~test and post-test mean scores was observed in the control group
for subjective sleep quality, sleep duration, sleep disturbance, and daytime dysfunction. Conclusions: Sleep hygiene
education helps nursing students develop regular sleep behaviors.

1. INTRODUCTION

Human beings are whole with their physical,
social, intellectual, and spiritual needs. A balanced
approach to meeting these requirements is neces-
sary for an individual to be healthy. “Sleep”is one of
the fundamental human needs that must be satisfied
[1,2]. Sleep is a significant health variable affecting
the individual quality of life and well-being [3, 4].
Somefactorsaffectingsleep qualityare drugs,diseases,
habits, and psychological and social aspects. Today,
sleep quality is a concept that is emphasized in clini-
cal practices and sleep-related research. The reasons
for this are that sleep-related complaints are pretty
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common, poor sleep quality can be a symptom of
many medical diseases, and a strong relationship ex-
ists between sleep health and physical and psycho-
logical well-being [5]. It is seen that studies on sleep
disorders are increasing rapidly all over the world
[6]. Although it varies according to societies and
age groups, the rate of sleep disorders varies between
5% and 71%. A study conducted in Turkey reported
that 21.8% of the Turkish population had a dete-
rioration in sleep quality, 34% had difficulty falling
asleep and had early waking problems [7]. When
looking at the issue of sleep in university students,
there is a general belief that university students sleep
inadequately [8]. The amount and quality of college
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student sleep have changed significantly in the last
tew decades; from 1969 to 2001, the average sleep
time reported by college students decreased from
7.75 hours to 6.65 hours, and sleep disturbances in-
creased from 24% to 71% between 1978 and 2001
[9].In the study of Liu, Zhao, Jia, and Buysse (2008)
[10], it was found that there was a relationship be-
tween sleep quality and psychological health, and
university students with poor sleep quality had more
psychological health problems. Likewise, the study
of Keshavarz Akhlaghi and Ghalebandi (2009) [5]
reported a relationship between sleep quality and
the general health status of university students.

In our country, hardly much research has been
done on the sleeping habits of college students. In
the study of Altintas et al. (2006) [6], sleepiness was
examined in medical faculty students, and it was
tound that 54.4% of the students thought they had
sleep-related problems. Since the training programs
in health professions such as medicine, nursing,
and pharmacy are intense and tiring, students can
sacrifice their sleep time (Mayda et al., 2012) [11].
Therefore, students who do not get enough sleep
are negatively affected physically, cognitively, and
emotionally. Insomnia is also reported to negatively
impact students’ academic success (Curcio, Ferrara,
& Gennaro, 2004) [12]. It is crucial for professional
members who provide health services to the public
to be in complete physical and mental well-being
and to maintain this state of well-being. For this
purpose, it will be helpful to determine the current
situation and examine the factors that affect it posi-
tively or negatively to ensure adequate and quality
sleep, among the parameters of a healthy lifestyle.
The ability of students to develop a healthy lifestyle,
each of whom will be a member of a profession that
provides health services to society and even cares for
sick/healthy individuals during their student life,
will also be reflected in the individuals and society
they serve and serve as role models.

One of the critical factors in maintaining
sleep health is sleep hygiene. Sleep hygiene is de-
fined as performing activities that facilitate sleep
(maintaining regular sleep routines) and avoiding
behaviors that hurt sleep (watching movies, en-
couraging talking, taking caffeine-containing foods,

etc.) (Odabasioglu et al., 2017) [13]. Sleep hygiene

training is a practice that increases the nature and
quality of sleep (Geiger et al., 2015) [14]. It is es-
sential in preventing problems arising from sleep
problems and disorders (Giines, 2018) [15].
Examining the sleep quality of nursing students
will contribute to determining the adequate and
quality sleep status of the students in this depart-
ment and the affecting factors. It will also create a
database for studies on improving students’ sleep
quality. The aim of this study was to find out how
sleep hygiene instruction affected nursing students’

sleep quality.
2. METHODS

It was collected from Cyprus Science University,
Faculty of Health Sciences, Department of Nursing
students. It was completed with 80 people between
17.06.2023 and 05.11.2023, including 40 people in
the experimental group who received training and
40 in the control group who did not. Criteria for
sample inclusion and exclusion are presented below.

2.1. Sampling Inclusion Criteria
2.1.1. Inclusion Criteria

- Students who agree to participate in the re-
search voluntarily.

- Students studying in the nursing department.

- Having completed the informed consent
form.

2.1.2. Exclusion Criteria

- Students who do not agree to participate in
the research voluntarily.

- Students outside the nursing department

- Not having completed the informed consent
form.

2.2. Research Hypotheses
2.2.1. Hypothesis 1- H,

The pre-test-post-test PSQI score averages of
the nursing students in the experimental group who
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received sleep hygiene training before and after the
training differed.

2.2.2. Hypothesis 2- H,

There is no difference between the PSQI score
averages of Nursing Students in the Control Group
before and after training.

2.3. Collection of Data

- 'The forms below were used to collect re-
search data.
- Sociodemographic Data Collection Form.

- Pittsburg Sleep Quality Index (PSQI).
2.3.1 Socio-Demaographic Data Collection Form

'This form consists of 3 questions about the nurs-
ing students’ gender, age, and class status.

2.3.2 Pittsburg Sleep Quality Index (PSQI)

PSQI was developed by Buysse et al. in 1989 and
has been shown to have adequate internal consist-
ency, Cronbach’s alpha=0.80), test reliability and
validity (Buysse et al., 1989) [16]. The validity and
reliability study of PSQI in our country was con-
ducted by Agargiin et al. (1996) [17]. In this study,
the Cronbach alpha value of the scale was found
to be 0.79 (Cronbach alpha=0.79). PSQI is a self-
report scale that assesses sleep quality and distur-
bance over one month. On a scale of 24,19 questions
are answered by the person, while the last five ques-
tions are filled in by the person’s roommate or bed
partner. With 19 questions answered by the person,
seven sub-dimensions are evaluated: subjective sleep
quality, sleep latency, sleep duration, habitual sleep
efficiency, sleep disorder, use of sleeping pills, and
daytime dysfunction. These seven subscales are sub-
jective sleep quality (component 1), sleep latency
(component 2), sleep duration (component 3), ha-
bitual sleep efficiency (component 4), sleep distur-
bance (component 5), sleeping pill use (component
6), and daytime dysfunction (component 7). The
sum of the seven component scores gives the total
PSQI score. Each response is scored between 0-3

according to symptom frequency. The total score
has a value between 0-21. High values indicate poor
sleep quality and a high level of sleep disturbance.
A score above five clinically indicates poor sleep

quality (Agargiin et al., 1996) [17].
2.4. Application of Pretest

The “Sociodemographic Data Form” and Pitts-
burg Sleep Quality Index (PSQI) were collected

during the pre-test through face-to-face interviews.
2.5. Interference
2.5.1. Preparation of Objectives and Training Content

In the first stage of the research, sleep hygiene
education content/module was prepared for nursing
students, considering the data obtained from focus
group interviews.

2.5.2. Conducting Training

Nursing students (40 Experimental groups) were
given training. The researcher conducted the train-
ing for two hours, two days a week, for eight weeks.
Each session lasted approximately 30 minutes. In
the research, training was given in groups of 5 peo-
ple. The training started with introducing and deter-
mining meeting rules (10 minutes). A presentation
on sleep hygiene education to nursing students in-
cluded (20 minutes) of distribution and explanation
of written educational material (10 minutes).

2.6. Application of Post-test

In the post-tests, the Pittsburg Sleep Quality In-
dex (PSQI) was re-applied to the nursing students

in the experimental and control groups.
2.7. Evaluation of Data

Before analyzing the data, the distribution of
PSQI scores of the experimental and control groups
wasexamined byapplying the Kolmogorov[|Smirnov
normality test. The results showed that the scores
had a normal distribution according to groups. In
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line with this result, inter- and intra-group PSQI
scores were compared using parametric analysis
techniques. Within the scope of the research, an in-
dependent groups t-test was applied to compare the
PSQI pre-test and post-test scores of the experi-
mental and control groups. Dependent groups t-test
was used to compare PSQI pretest and post-test
scores within the groups. Cohen’s d coeflicients were
calculated to determine the effect value. Approxi-
mately 0.20; Effect values of 0.50 and 0.80 were
considered small, medium, and large effects, respec-
tively (Cohen, 1988) [18]. Data were analyzed using
the SPSS 25.0 statistical package program.

3. RESULTS

When Table 1 is analyzed, it is understood that
50% of the participants in the experimental group
and 57.5% of the participants in the control group
were male. A large proportion of the participants in
the experimental group (52.5%) were in the 24-26
age group. In the control group, a large proportion of

the participants (45%) were in the 21-23 age group.

Results showed that the groups were homogenous
regarding gender, age, and grade level variables.

When Table 2 was analyzed, it was determined
that there was no statistically significant difference
between the pre-training PSQI score averages of
nursing students in the experimental and control
groups (p>0.05).

When Table 3 is examined, it is understood that
there is no significant difference between the experi-
mental group’s pre-test and post-test mean scores of
sleep duration and habitual sleep activity. However,
a significant difference was found between the mean
pre-test scores of sleep latency, subjective sleep qual-
ity, sleep disturbance, sleep medication use, daytime
dysfunction, and PSQI total. This result showed that
the sleep quality of the experimental group partici-
pants generally increased after the experimental
procedure.

When Table 4 is analyzed, it is understood that
there is no significant difference between the con-
trol group’s pre-test and post-test mean scores of
subjective sleep quality, sleep duration, sleep dis-
turbance, and daytime dysfunction. However, a

Table 1. Distribution of participants by descriptive characteristics.

Experiment Control
N (%) N (%) Chi square p

Gender Male 20 (%50) 23 (%57.5) 0.45 0.51

Female 20 (%50) 17 (%42.5)
Age 18-21 3 (%7.5) 6 (%15) 3.69 0.29

21-23 13 (%32.5) 18 (%45)

24-26 21 (%52.5) 13 (%32.5)

27 and over 3 (%7.5) 3 (%7.5)
Class Status 1 10 (%25) 11 (%27.5) 0.09 0.99

2 7 (%17.5) 7 (%17.5)

3 10 (%25) 10 (%25)

4 13 (%32.5) 12 (%30)

Table 2. Pre-Training PSQI Nursing Students’ Scores.
Pre-test

Group Min Max X SS t P
Experiment 5.00 17.00 11.70 2.43 1.000 0.321
Control 7.00 16.00 11.17 2.26
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Group Variable Test N Mean SD t(39) P Coben d
Experiment ~ Subjective sleep quality Pre-test 40 0.93 1.07 4.78  <0.001 0.76
Post-test 40 0.15 0.58
Sleep latency Pre-test 40 1.70 0.69 6.98  <0.001 1.10
Post-test 40 0.88 0.40
Sleep duration Pre-test 40 0.95 1.06 0.00 1.00 0.00
Post-test 40 0.95 1.06
Habitual sleep activity Pre-test 40 1.40 1.24 -1.43 0.16 0.23
Post-test 40 1.50 1.32
Sleep disturbance Pre-test 40 1.40 0.50 7.06 <0.001 1.12
Post-test 40 0.48 0.55
Use of sleeping pills Pre-test 40 1.23 0.77 5.37 <0.001 0.85
Post-test 40 0.38 0.49
Daytime dysfunction Pre-test 40 1.15 0.62 442  <0.001 0.70
Post-test 40 0.65 0.74
PSQI Total Pre-test 40 8.75 3.12 7.27 <0.001 1.15
Post-test 40 4.98 3.34
Table 4. Pre-test and post-test PSQI scores in the control group.
Group Variable Test N Mean SD t(39) p Cohen d
Control Subjective sleep quality Pre-test 40 1.63 0.93 0.54 0.59 0.08
Post-test 40 1.50 0.93
Sleep latency Pre-test 40 1.78 0.92 -562 <0.001 0.89
Post-test 40 2.50 0.68
Sleep duration Pre-test 40 1.00 1.04 -1.78 0.08 0.28
Post-test 40 1.08 1.07
Habitual sleep activity Pre-test 40 1.88 1.20 -2.36 0.02 0.37
Post-test 40 2.00 1.26
Sleep disturbance Pre-test 40 2.55 0.50 -1.43 0.16 0.23
Post-test 40 2.60 0.50
Use of sleeping pills Pre-test 40 2.73 0.45 -2.62 0.01 0.41
Post-test 40 2.88 0.33
Daytime dysfunction Pre-test 40 2.83 0.38 -1.43 0.16 0.23
Post-test 40 2.88 0.33
PSQI Total Pre-test 40 14.38 2.32 -3.56 <0.001 0.56
Post-test 40 15.43 2.60

significant difference was found between the control
group’s mean scores on sleep latency, habitual sleep
efficiency, sleep medication use, and PSQI total pre-

test scores.

Mean scores of sleep duration and habitual sleep
activity post-pre-test scores did not differ between
the groups (Table 5). In contrast, differences were
found for sleep latency, subjective sleep quality,
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sleep disturbance, sleep medication use, daytime
dysfunction, and PSQI pre-test mean scores. Af-
ter the experimental procedure, the PSQI scores of
the experimental group decreased more in general,
suggesting that the experimental method effectively
improved sleep quality, with a moderate and signifi-
cant effect on sleep quality.

4. DISCUSSION

Nursing students who met the inclusion criteria
were included in the study, and their characteristics
were analyzed. The data of nurses and students ex-
cluded from the inclusion criteria were not analyzed.
It was concluded that the sociodemographic charac-
teristics (age, gender, and class status) of the nursing
students in the experimental and control groups were
homogeneous. This finding is similar to the sociode-
mographic findings of Huang et al. (2018) [19] study
titled Factors associated with teaching sleep hygiene
to nursing students. The study results on factors affect-
ing sleep quality in nursing and non-nursing students
conducted by Kim and Yoon (2013) [20] are similar
to our findings. The findings of Brown et al. (2002)
[21] study titled are similar between the groups.

A significant difference was found between the
score averages of the nursing students in the ex-
perimental group who received sleep hygiene train-
ing before and after the training. (H;). Silva et al.’s
(2016) [22] study determined that their sleep quality
increased due to the sleep training provided. Like-
wise, Revathi et al. (2016) [23] study of sleep qual-
ity positively affected sleep education and quality. In
1smailoglu and Ozdemir (2020) [24], their study,
sleep education and factors affecting sleep hygiene
education were determined as positive and negative
determining criteria for sleep quality. The results of
Yazdi et al. (2016) [25] study parallel our findings.

There was no difference between the pre-test
and post-test PSQI score averages of the nursing
students in the control group before and after the
training (H,). This finding supported the hypoth-
esis that there is no difference between the PSQI
score averages of Nursing Students in the Control
Group before and after training. In Amaral et al.
(2021) [26] study, it was determined that a group

was not given training on sleep quality, and their

sleep quality remained the same. Likewise, when
Gipson et al. (2019) [27] studied, it was found that
there was no change in the sleep quality of students
who did not receive sleep hygiene intervention.
There was a positive increase in the sleep quality of
those in the intervention group. Suen et al. (2010)
[28] study concluded that sleep hygiene is essential
in sleep quality and that students with poor sleep
hygiene have increased sleep problems. In Li et al.
(2016) [10] study, it was found that the group that
received sleep hygiene training had an increase in
their sleep quality compared to the group that did
not receive sleep hygiene training and those who did
not receive sleep hygiene training. This group’s low
sleep quality is similar to our research findings.

In a study conducted by Hershner and Brien
(2018) [29], it was concluded that the sleep qual-
ity of the group receiving sleep hygiene training was
better. The study conducted by Strong et al. (2018)
[30] found that the sleep quality of adolescents who
received sleep hygiene interventions was better. In a
different but similar study, Hayli and Aydin’s (2023)
[31] study also found that the sleep hygiene training
applied to the experimental group positively affected
their sleep quality, and there was no change in the
sleep quality of the control group. It was determined
that it was not. The study by Chen et al. (2010)
[32] concluded that working women who received
sleep hygiene training had better sleep quality and
reduced sleep problems. Dietrich et al. (2016) [33]
study found that university students who received
sleep hygiene training had fewer sleep problems
and slept comfortably and peacefully compared to
groups that did not receive sleep hygiene training.
Likewise, Peach et al. (2016) [34] study concluded
that university students’ sleep hygiene practices
positively affected their sleep quality. In Brick et al.
(2010) [35] study, it was found that there was a sig-
nificant difference between sleep hygiene and sleep
quality. The results of the study by Ali et al. (2023)

are similar to our research findings [36].
5. CONCLUSION
Research has shown that nursing students ben-

efit from “sleep hygiene training” to establish regular

sleep habits. The study concluded that sleep hygiene
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Table 5. Pre- and Post-test PSQI scores in the experimental and control groups.

Variables Group N Mean SD t(80) P Coben d

Subjective sleep quality ~ Pre-test 40 -0.78 1.03 -2.29 0.02* 0.51
Post-test 40 -0.13 1.47

Sleep latency Pre-test 40 -0.83 0.75 -8.86 <0.001 1.98
Post-test 40 0.73 0.82

Sleep duration Pre-test 40 0.00 0.32 -1.14 0.26 0.25
Post-test 40 0.08 0,27

Habitual sleep activity ~ Pre-test 40 0.10 0,44 -0.29 0.78 0.06
Post-test 40 0.13 0,33

Sleep disturbance Pre-test 40 -0.93 0,83 -7.19 <0.001 1.61
Post-test 40 0.05 0,22

Use of sleeping pills Pre-test 40 -0.85 1,00 -5.94 <0.001 1.33
Post-test 40 0.15 0,36

Daytime dysfunction Pre-test 40 -0.50 0,72 -4.64 <0.001 1.04
Post-test 40 0.05 0,22

PSQI Total Pre-test 40 -3.78 3,29 -8.08 <0.001 1.81
Post-test 40 1.05 1,87

instruction intended to enhance sleep cycles is a
teasible recommendation. Regularly assessing nurs-
ing students’ sleep quality is advised, as is teaching
them about physiological, psychological, and envi-
ronmental aspects of good sleep hygiene. Research
should also be conducted to determine how well-
applied training and consulting programs improve
students’sleep. It should be noted that the study was
conducted on volunteers. We cannot exclude the
possibility of a spontaneous selection of the sam-
ples. Additionally, we cannot guarantee the validity
of comparisons due to the non-random nature of
the sample selection process.
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ABSTRACT

Background: Work-related quality of life (WRQoL) is a multidimensional concept related to life satisfaction. Eval-
uating WRQoL is essential in healthcare settings since employee satisfaction affects patient service quality. Only a few
studies have focused on the quality of life of rehabilitation health workers. We aimed to validate the Italian version
of the WRQoL scale on a population of rehabilitation health professionals; the secondary objective was fo investigate
the work-related quality of life of professionals concerning the work settings in which they operate. Methods: Par-
ticipants were recruited from January 2022 to December 2023 according to specific inclusion criteria. Questionnaires
were administered through an online survey requiring also personal employment data, and together with the SF-12
questionnaire, a test-retest was performed on 30 therapists. Reliability was assessed with Cronbach’s alpha, test-retest
stability through intraclass correlation coefficient (ICC), and concurrent validity was calculated using Pearson’s cor-
relation. Results: We enrolled 284 individuals. Internal consistency analysis showed statistically significant results:
Cronbach’s alpha was > 0.70; construct validity analyses revealed statistically significant data for total scores and
subscales, compared to SF-12 scores. Conclusion: The WRQoL scale is a valid and reliable tool fo assess the quality
of working life of rehabilitation professionals.

1. INTRODUCTION been shown to play a key role in reducing strain in-

side and outside the workplace [1, 2].

Work-related quality of life (WRQoL) is a mul-
tidimensional concept related to life satisfaction.
Many people consider working a form of social
identity, not just a means of survival. Work-related
quality of life also includes other essential elements
of the personal sphere, such as family, leisure, and

social activities. A high quality of working life has

Received 26.02.2024 — Accepted 11.06.2024

Healthcare professionals who interact with pa-
tients, relatives, and caregivers often experience
emotionally charged situations and high levels of
stress. Stress at work can lead to reduced profes-
sional performance, wellbeing, and quality of life
and high levels of anxiety, depression, or physical
exhaustion. A consequence of chronic stress can be
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burnout syndrome, characterised by emotional ex-
haustion, depersonalisation, and poor personal ful-
fillment [4].

Evaluating work-related quality of life is par-
ticularly important in healthcare settings since
employee satisfaction directly affects the quality of
performance and patient services [5]. According
to current literature, factors associated with a bet-
ter work-related quality of life are the physical and
emotional wellbeing of the individual, organiza-
tional and work-related measures (such as turnover
and quality of work), an adequate salary, fair pay, a
safe and healthy work environment, opportunities
for capacity development and career growth, social
integration, and shared values and discussions with
the work team [6].

The relationship between job satisfaction and
work-related quality of life has been studied in dif-
ferent professions [7-9]. Many studies have been
conducted on the quality of life of nurses, especially
during the COVID-19 pandemic, as well as that
of surgeons and emergency room doctors [10-15].
Only a few studies have focused on the quality of
life of rehabilitation health workers. For example,
the survey conducted by Rostami et al. specifies that
studies on this issue are essential since work-related
quality of life and job satisfaction aftect therapists’
health quality and the quality of services they pro-
vide [16]. Bowens et al. assessed the quality of life
of physiotherapists in Alabama in 2021. They con-
cluded that doctors and employers should evalu-
ate the personal, occupational, and systemic factors
contributing to reduced quality of professional
life to implement preventive strategies to mitigate
burnout [17].

An instrument that aims to evaluate general QoL
in healthy subjects was developed in the USA and
called SF-12 Health Survey version 2 (SF-12v2); it
is a generic short-form health survey created from
the original SF-36.It produces two summary meas-
ures evaluating physical and mental self-perceived
health; for this reason, it represents a suitable and
complete tool to assess self-perceived quality of
life. SF-12v2 has been successfully tested in several
Western European countries on large samples of
the general population, proving its brevity, compre-
hensiveness, reliability, validity, and cross-cultural

applicability. Gandek et al., in a cross-validation
study, tested the SF-12v2 suggested in the original
United States study for nine European countries
(Denmark, France, Germany, Italy, the Netherlands,
Norway, Spain, Sweden, and the United Kingdom)
[18]. The SF-12v2, since then, has been extensively
used in studies involving the general population and
disease-specific groups [19].

As regards WRQoL, in 2021, a scoping re-
view by Silarova et al. described seven tools that
can be used to measure the work-related quality
of life of health professionals, considering aspects
such as psychophysical wellbeing, quality of work-
ing life, job satisfaction, burnout, and professional
identity [20]. The assessment tools that evaluate
the most aspects of the quality of working life are
the Quality of Work Life and the Work-Related
Quality of Life (WRQoL) scales developed by
Van Laar et al. in 2007 [21, 22]. The latter con-
sists of a questionnaire first tested in the health
sector, applied to different work environments,
and translated into nine languages [23-25]. It is
composed of 26 items and includes six dimen-
sions in its original form: control at work (CaW),
general wellbeing (GWB), home-work interface
(HWI), job and career satisfaction (JCS), stress
at work (SaW), and working conditions (WC). In
2011, a revised scale was developed, including a
seventh dimension, employee engagement (EEn),
which evaluates how employees are engaged in
the organization and its values. The WRQoL scale
provides a multidimensional tool for measuring
work-related quality of life thanks to tested and
validated psychometric properties. Garzaro et al.
translated and validated this scale on an Italian
population of nurses and doctors [2].

We aimed to validate the Italian version of the
WRQoL scale on a population of rehabilitation
health professionals (physiotherapists, speech thera-
pists, orthoptists, psychiatric rehabilitation techni-
cians, occupational therapists, neuropsychomotricity
therapists, podiatrists, professional educators) and
investigate its psychometric properties. The second-
ary objective was to investigate the work-related
quality of life of professionals concerning the work
settings in which they operate and the characteris-
tics of the sample.
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2. METHODS
2.1 Participants

Participants were recruited from January 2022 to
December 2023, and each gave informed consent
for participation. The procedures followed were fol-
lowing the Helsinki Declaration as revised in 2008.

'The inclusion criteria were as follows: i) employ-
ment as a healthcare worker in the field of reha-
bilitation, ii) possession of a Bachelor’s degree or
equivalent, iii) registration in the relevant profes-
sional register, iv) regular employment, and v) em-
ployment in an Italian region. Operators with the
following characteristics were excluded from the
study: operators not included in the professional
register, graduates or holders of the qualification
who did not work in the rehabilitation field, or
retired professionals: 284 individuals were recruited
for the study. Their characteristics are shown in

Table 1.
2.2 Procedures

Questionnaires containing the Italian version of
the WRQoL scale were administered through an
online survey sent by email to professionals work-
ing in various Italian regions (Basilicata, Campania,
Emilia-Romagna, Lazio, Lombardy, Piedmont,
Apulia, Sardinia, Veneto); the link containing the
questionnaire was sent to 300 health profession-
als. The WRQoL scale was administered together
with a section requiring personal employment data
(date of birth, sex, profession, years of work, type
of work structure, Italian region, type of patients
mainly treated, type of employment contract) and
the 12-Item Short-Form Survey (SF-12) [26]. A
test-retest was performed on 30 therapists who gave
their consent, i.e., they were given the WRQoL a
second time after 24-48 hours.

2.3 Data Analysis

A descriptive analysis was performed to ana-
lyze the characteristics of the sample. Percentage,
mean, and standard deviation (SD) of variables
were calculated. The scale’s internal consistency

Table 1. The mean age of study subjects was 35; 75.7% were
female; the largest group was represented by physiothera-
pists (42.6%) with a permanent contract (46.5%). The mean
working duration was 9.27 years, mainly in rehabilitating
neurological diseases in Central Italy (82.4%).

average+SD N°(%)
Age 35.0£10.3 284
Age range
<30 134 (47.2)
31-49 118 (41.5)
> 50 32 (11.3)
Gender
Male 69 (24.3)
Profession
Physiotherapist 121 (42.6)
Occupational therapist 54 (19.0)
Speech therapist 47 (16.5)
Neuro and psychomotricity therapist 22(7.7)
Orthoptist 6(2.1)
Professional educator 18 (6.3)
Podiatrist 10 (3.5)
Psychiatric rehabilitation technician 6(2.1)
Working years 9.27+9
Type of structure
Outpatient clinic 44 (15.5)
Nursing home 16 (5.6)
Private studio 50 (17.6)
Home service (cooperative/ASL) 33 (11.6)
Daycare center 13 (4.6)
Rehabilitation center 72 (25.4)
Hospital 56 (19.7)
Type of patients
Pediatric 80 (28.2)
Geriatric 43 (15.1)
Neurological 88 (31.0)
Orthopedic 61 (21.5)
Cardio-respiratory 10 (3.5)
Pelvic floor rehabilitation 2(0.7)
Type of contract
Full-time/part-time permanent contract 132 (46.5)
Full-time/part-time fixed-term contract 44 (15.5)
Freelance 102 (35.9)
Occasional performance contract 6(2.1)
Area
North 28(9.9)
Center 234 (82.4)
South 22 (7.7)
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Table 2. Reliability analysis. The table shows the ICC value for each scale domain, calculated based on test and re-test results,

both for the total scale and each domain.

Test Re-test ICC 95% CI
Tot 81.22+16.939 78.67+20.742 0.940 0.735-0.986
CaW 12.56+3.358 10.56+3.609 0.872 0.434-0.971
GWB 17.22+3.993 17.44+3.575 0.946 0.760-0.988
HWI 9.56+3.432 10.33+3.041 0.811 0.161-0.957
SaW 5.22+1.922 5.00+1.500 0.888 0.505-0.975
JCS 11.00+4.301 10.33+4.528 0.932 0.696-0.985
WwC 13.33+2.739 12.67+4.243 0.649 -0.556-0.921
EEn 9.00+3.708 8.89+3.257 0.943 0.749-0.987

was examined by Cronbach’s alpha, which should
have a value greater than 0.7 to be statistically
significant. The intraclass correlation coeflicient
(ICC) was calculated to measure reliability, which
must be at least 0.70 to be statistically significant.
Construct validity was evaluated using Pearson’s
correlation to determine the association between
the WRQoL scale and the Italian version of the
SF-12. Differences between groups in scores were
calculated using independent samples t-tests and
ANOVA (the significance level was set as a p-value
less than or equal to 0.05).

Regarding scoring, the WRQoL scale is divided
into seven subscales to be rated on a Likert-type
scale, from 1 (strongly disagree) to 5 (strongly
agree). Consequently, the maximum score corre-
sponds to 130, obtained through the sum of scores
in each domain; the items included in each domain
are shown below.

CaW: items 1, 9, 19, 24; GWB: items 2, 7, 11,
13,17; HWI: items 3, 4, 20; SaW: items 5, 15; JCS:
items 6, 8, 14, 16; WCs: items 10, 12, 18, 25; EEn:
items 21,22, 23.

3. RESULTS

3.1 Reliability

Internal consistency analysis showed statisti-
cally significant results for the entire scale and all
subscales. The scale showed a Cronbach’s alpha
value equal to 0.95, with the following subdomain
scores: EEn: 0.858, WCs: 0.854, JCS: 0.810, SaW:

0.843, HWI: 0.819, GWB: 0.897, and CaW: 0.797
(Table 2).

All alpha-deleted analyses showed that all items
contributed to the internal consistency of the entire
scale and different domains.

3.2 Construct Validity

Test re-test reliability was assessed, requiring the
questionnaire to be completed 24-48 hours after the
first administration. It was measured through ICC
(Table 3).

Construct validity was calculated through cor-
relation with the SF-12 domains, considering
its construct (PCS12=Physical Composite Site;
MCS12=Mental Composite Site). The analysis
showed a statistically significant correlation be-
tween the mental health domain of SF-12 and the
WRQoL scale total score and subscales. Specifically,
all the correlations were positive, except for the one
between Stress at Work (SaW) and MCS12, which
was negative (Table 3).

3.3 Cross-Cultural Analysis

Cross-cultural analysis was performed through
independent samples t-tests and ANOVA to deter-
mine whether the scores on the subscales differed
according to the sample’s demographic characteris-
tics (Supplementary Table 1 shows t or F values).

There were no statistically significant differ-
ences in age and gender. As for professions, differ-
ences were found in CaW, WCs, and total scores
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Table 3. Construct validity. The total score and all the sub-
scales of the WRQoL scale showed a statistically significant
correlation with SF-12 domains (Physical Composite Site
and Mental Composite Site); in particular, the correlation
between WRQoL scale domains and total and MCS12 was
statistically significant (p<0.01).

PCS12 MCS12
Tot 0.1817 0.489”
CaW 0.116 0.342"
GWB 0.147 0.567"
HWI 0.166" 0.410"
SaW -0.078 -0.250"
JCS 0.157" 0.355"
WCs 0.166" 0.295"
EEn 0.157" 0.361"

JCS=Job and Career Satisfaction; SaW=Stress at Work;
WCs=Working Conditions; EEn=Employee Engagement
*p<0.05 *p<0.01.

(p <0.01). Differences were found between people
working in different types of structures regarding
scores in CaW, JCS, WcS, Een domains and total
score of WRQoL (p<0.01). Other statistically sig-
nificant values were found between the type of pa-
tients with whom rehabilitation professionals deal
most in the domains CaW and WcS (p<0.05) and
between professionals who work in different areas
of Italy in the domains WcS, Een, and total score
(p<0,05) (Supplementary Figures 1-12).

4. DISCUSSION

The primary objective of this study was to evalu-
ate the psychometric properties of the WRQoL
scale in a cohort of rehabilitation professionals,
while the secondary objective was to identify asso-
ciations between data collected from the sample and
WRQoL scale scores.

The WRQoL scale obtained statistically signifi-
cant results for construct validity due to its correla-
tion with SF-12.This means the WRQoL construct
is comparable to the SF-12 construct, a gold stand-
ard for measuring general QoL. Thus, it is possi-

ble to suppose that the WRQoL scale reflects the

general health conditions of the considered popu-
lation; moreover, it was found to be a reliable tool
with an ICC value > 0.7.

Construct validity analyses showed that WRQoL
scale scores correlated with the mental health do-
main of the SF-12 scale, which aligns with the cur-
rent literature. General mental health is associated
with Quality of Working Life [27-29].

The descriptive analysis showed that most par-
ticipants were under 30, primarily females. The most
recurrent profession was physiotherapist, while po-
diatrist was the least represented profession. This re-
sult is consistent with the fact that physiotherapists
are generally the most represented professionals in
the various rehabilitation structures in Italy.

Most operators worked in a rehabilitation center,
while only 4.57% worked in daycare centers. Most
therapists rehabilitated neurological and pediat-
ric patients (30.98% and 28.16% respectively). The
prevalent type of contract was a full-time/part-time
permanent contract; almost all professionals worked
in central Italy. Mean scores were similar to those
obtained in the study of Garzaro et al., which was
the first Italian validation of this version in a sam-
ple of health workers represented by nurses and
physicians [2]. Regarding scores, there are no avail-
able cut-offs for the WRQoL Scale, but on this type
of worker, the scale shows neither ceiling eftect nor
floor effect.

Through cross-cultural analyses, it was noted that
different professions obtained different scores in
the control domains at work, working conditions,
and total scores. This difference indicates that neu-
ropsychomotricity therapists feel less ability to have
control at work and consequently don't feel involved
enough in their organization or are less able to ex-
press their opinion. In contrast, speech and neu-
ropsychomotricity therapists are less satisfied with
their work conditions. On the other side, physi-
otherapists seem to report the best working condi-
tions, according to the total score. A large part of
the questionnaires were administered just two years
after the start of the COVID-19 pandemic, so the
results may be since many rehabilitation profession-
als were on the front line in terms of physical and
psychological contact with patients and were thus
unable to maintain adequate physical distancing and
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COVID-19 mitigation measures [30]. Therefore,
speech and neuropsychomotricity therapists pri-
marily work with children and are more involved. In
addition, children with neurodevelopmental disor-
ders may have difficulty adapting to abrupt changes,
and this can often lead to irritability in patients and
provocative or aggressive behaviors toward the ther-
apist [31, 32]. Indeed, it is known that the quality
of life of healthcare workers could be correlated to
their work and, therefore, to patient response [33].
This result suggests better investigating working sit-
uations regarding rehabilitation professionals who
deal with children in the various structures in Italy,
giving them more support and benefits in propor-
tion to the stress experienced.

Cross-cultural analysis also showed a statistically
significant difference between people who work in
different types of structures in the following do-
mains: control at work, job and career satisfaction,
working conditions, employee engagement domains,
and total score of WRQoL. It emerged that profes-
sionals who provide home services are less satisfied
with their jobs and have fewer opportunities to have
control at work, which indicates they don't feel fully
involved in decision-making processes or cannot ex-
press their opinions in the workplace.

Compared to other groups, people employed in
nursing homes feel less engaged in the organization
and its values, while therapists working in a private
studio seem to live in the best conditions, especially
as regards their job and career satisfaction and the
sphere of control at work.

Home services professionals often work alone
and without adequate confrontation with colleagues
and their employers; moreover, their worst quality of
working life could be due to the many trips to the
territory to provide therapies. Finally, another aspect
to consider in the assessment of WRQoL could be
the compensation and its relationship with the time
needed to move from one patient’s house to another.

Regarding the type of patients in charge, profes-
sionals involved in pelvic floor rehabilitation have a
better situation in their workplaces regarding con-
trol at work and working conditions compared with
the other groups. However, therapists who declared
to deal with pelvic floor dysfunctions are only two
of the whole sample.

Finally, the different area analyses showed that
the North of Italy offers better workplace condi-
tions and how employees are engaged in their or-
ganization and its values compared to the Center
and South of Italy.

This result suggests a better investigation of
working conditions and general quality of life of
rehabilitation therapists in the center and south
of Italy and why this investigated aspect result is
inadequate; to date, there are not many rehabilita-
tion professionals in different Italian regions. This
would be useful for employers and health directors
in providing solutions and consequently improving
their performance at work and the quality of reha-
bilitation services.

Some studies have also reported how work-
related stress evolves into a greater perception of
poor physical and mental health. These two dimen-
sions represent the two domains of the SF-12 scale,
which evaluates the quality of life related to health.

The SF-12 was found to have a statistically sig-
nificant association with the WRQoL scale. In par-
ticular, the mental health domain (IMCS) included
in the SF-12 scale showed a significant association
with all WRQoL scores, meaning that mental health
correlated with WRQoL scale scores. Current lit-
erature from even before the pandemic has shown
that, like all healthcare professionals, rehabilitation
professionals are at high risk of burnout. There are
common mechanisms of burnout in the different
professional groups considered, and therefore, fur-
ther research on occupational health in rehabilita-
tion settings is needed to prevent burnout [34]. As
regards the physical health domain of SF-12 (PCS),
it showed a correlation with all the subscales of
WRQoL, except for “Control at Work” and “Stress
at Work”; however, these two domains investigate
aspects that are not related to physical health, while
the other ones have an impact on it.

4.1 Limitations of the Study

Most questionnaires were completed by profes-
sionals operating in the center of Italy, with limited
participation from professionals working in other
Italian regions. Therefore, future multicenter stud-

ies should investigate the WRQoL scale through
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a more homogeneous distribution of professionals
from different regions. Finally, it would be interest-
ing to study the responsiveness of the WRQoL scale
to changes over time, for example, after a specific
measure is adopted in the organization.

5. CONCLUSIONS

The WRQoL scale is a valid and reliable tool to
assess the quality of working life of rehabilitation
professionals. The WRQoL scale is a useful tool for
coordinators and employers in different work set-
tings to periodically evaluate employee work sat-
isfaction and possibly guide them in business and
management decisions.

Supplementary Material: Table S1; Supplemen-
tary Figure 1. Difference in CaW between profes-
sionals; Supplementary Figure 2. Difference in WeS
between professionals; Supplementary Figure 3.
Difference in Total score between professionals;
Supplementary Figure 4. Difference in CaW be-
tween professionals who work in different types
of structure; Supplementary Figure 5. Difference
in CaW between professionals who work in dif-
ferent types of structure; Supplementary Figure 6.
Difference in WcS between professionals who
work in different types of structure. Supplemen-
tary Figure 7. Difference in Een between profes-
sionals who work in different types of structure;
Supplementary Figure 8. Difference in Total score
between professionals who work in different types
of structure; Supplementary Figure 9. Difference
in CaW between professionals who deal with dif-
ferent types of patients; Supplementary Figure 10.
Difference in WcS between professionals who deal
with different types of patients; Supplementary
Figure 11. Difference in WcS between professionals
who work in different areas of Italy; Supplementary
Figure 12. Difference in Een between professionals
who work in different areas of Italy.
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Table S1. Cross-cultural analyses. The table shows all the differences found between the analyzed groups, the number of ob-
servations, the mean score for each domain and for the total score, and the standard deviation; also, t and F values are indicated
with the statistical significance level and p value.

Socio-demographic

WRQoL variables Groups N Mean +SD  torF values
CaW Age (range) 22-30 134 12.87 3.25 F=0.293

31-49 118 13.17 4.085
>50 32 13.28 3.752

Gender Male 69 13.59 3.349 t=1,450
Female 215 12.86 3.752

Profession Physiotherapist 121 13.37 3.576 F=3.753"
Occupational therapist 54 13.28 3.328
Speech therapist 47 11.72 3.910
Neuro and psychomotricity therapist 22 10.73 3.869
Orthoptist 6 13.67 4.367
Professional educator 18 13.94 2.689
Podiatrist 10 13.70 2.830
Psychiatric rehabilitation technician 6 15.17 2.927

Type of structure Outpatient clinic 44 11.25 4.087 F=5.462*
Nursing home 16 13.25 4.171
Private studio 50 15.18 3.243
Home service (cooperative/ASL) 33 12.61 2.968
Daycare center 13 13.92 2.9
Rehabilitation center 72 12.58 3.275
Hospital 56 13.11 3.721

Type of patients Pediatric 80 11.90 3.919 F=2,943"*
Geriatric 43 13.47 4.067
Neurological 88 13.08 3.163
Orthopedic 61 13.87 3.524
Cardio-respiratory 10 14.20 2.658
Pelvic floor rehabilitation 2 16.50 4.950

Area North 28 14.46 4.185 F=2,896
Center 234 12.81 3.602

South 22 13.64 3.303
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Socio-demographic

WRQoL variables Groups N Mean +SD  torF values
GWB Age (range) 22-30 134 16.86 4.457 F=2.949
31-49 118 17.75 3.911
>50 32 18.66 4171
Gender Male 69 17.62 4.624 t=0,428
Female 215 17.37 4.112
Profession Physiotherapist 121 17.56 4.274 F=1.674
Occupational therapist 54 18.67 3.737
Speech therapist 47 16.72 3.955
Neuro and psychomotricity therapist 22 15.73 5.426
Orthoptist 6 16.33 3.386
Professional educator 18 17.06 3.918
Podiatrist 10 16.60 4.502
Psychiatric rehabilitation technician 6 19.17 4.446
Type of structure Outpatient clinic 44 16.07 4.976 F=1.531
Nursing home 16 17.31 3.260
Private studio 50 17.44 4.554
Home service (cooperative/ASL) 33 17.12 3.689
Daycare center 13 18.54 3.821
Rehabilitation center 72 17.42 4.188
Hospital 56 18.48 3.852
Type of patients Pediatric 80 16.99 4.877 F=1,135
Geriatric 43 16.81 3.911
Neurological 88 17.85 3.792
Orthopedic 61 17.44 4311
Cardio-respiratory 10 19.30 3.020
Pelvic floor rehabilitation 2 20.50 2.121
Area North 28 17.75 4.070 F=0,106
Center 234 17.41 4.289
South 22 17.23 4.011
HWI Age (range) 22-30 134 10.36 3.017 F=1.471
31-49 118 10.22 2.962
>50 32 11.22 2.524
Gender Male 69 10.45 3.179 t=0,166
Female 215 10.38 2.878
Profession Physiotherapist 121 10.37 3.006 F=1.121
Occupational therapist 54 10.83 2.697
Speech therapist 47 10.04 2.949
Neuro and psychomotricity therapist 22 9.50 3.622




Socio-demographic

WRQoL variables Groups N Mean +SD  torF values

Orthoptist 6 10.83 1.329
Professional educator 18 11.61 2.304
Podiatrist 10 9.60 3.134
Psychiatric rehabilitation technician 6 11.33 3.445

Type of structure Outpatient clinic 44 9.95 3.242 F=1.392
Nursing home 16 11.56 2.732
Private studio 50 9.94 3.067
Home service (cooperative/ASL) 33 11.09 2.602
Daycare center 13 10.85 2.824
Rehabilitation center 72 10.08 2.987
Hospital 56 10.71 2.755

Type of patients Pediatric 80 10.41 3.088 F=0,704
Geriatric 43 10.79 2.891
Neurological 88 10.25 2.933
Orthopedic 61 10.11 3.017
Cardio-respiratory 10 11.70 1.767
Pelvic floor rehabilitation 2 10 1.414

Area North 28 10.89 3.370 F=0,954
Center 234 10.29 2.950
South 22 10.95 2.278

JCS Age (range) 22-30 134 12.40 3.892 F=1.423

31-49 118 12.46 4.065
>50 32 13.69 4.067

Gender Male 69 12.36 4.044 t=-0,497
Female 215 12.64 3.980

Profession Physiotherapist 121 12.80 4.057 F=1.721
Occupational therapist 54 12.70 3.785
Speech therapist 47 11.53 4.413
Neuro and psychomotricity therapist 22 10.95 3.970
Orthoptist 6 11.67 3.141
Professional educator 18 13.28 2.886
Podiatrist 10 13.80 3.994
Psychiatric rehabilitation technician 6 14.50 2.074

Type of structure Outpatient clinic 44 11.30 4.568 F=4.302**
Nursing home 16 12.06 4.793
Private studio 50 14.34 3.566
Home service (cooperative/ASL) 33 11.73 3.044
Daycare center 13 13.85 2.609
Rehabilitation center 72 11.67 3.768
Hospital 56 13.50 3.995




Socio-demographic

WRQoL variables Groups N Mean +SD  torF values
Type of patients Pediatric 80 11.78 4.109 F=2,014
Geriatric 43 12.26 4.446
Neurological 88 12.67 3.654
Orthopedic 61 13.20 3.881
Cardio-respiratory 10 14.90 3.107
Pelvic floor rehabilitation 2 16 5.657
Area North 28 14.07 4.189 F=2,273
Center 234 12.43 3.966
South 22 12.14 3.745
SaW Age (range) 22-30 134 5.82 1.931 F=1.752
31-49 118 6.28 2.382
>50 32 6.38 2.282
Gender Male 69 5.67 2.140 t=-1,796
Female 215 6.20 2.174
Profession Physiotherapist 121 6.06 2.267 F=0.534
Occupational therapist 54 6.26 1.935
Speech therapist 47 6.28 2.123
Neuro and psychomotricity therapist 22 5.73 2.334
Orthoptist 6 5.17 1.169
Professional educator 18 6.33 2.029
Podiatrist 10 5.50 2.677
Psychiatric rehabilitation technician 6 5.50 2.881
Type of structure Outpatient clinic 44 6.32 2.399 F=1.048
Nursing home 16 5.88 1.962
Private studio 50 6.42 2.167
Home service (cooperative/ASL) 33 5.64 1.917
Daycare center 13 5.62 1.895
Rehabilitation center 72 5.78 2.196
Hospital 56 6.38 2.212
Type of patients Pediatric 80 6.18 2.175 F=0,343
Geriatric 43 5.93 2.324
Neurological 88 6.08 2.129
Orthopedic 61 6.16 2.267
Cardio-respiratory 10 5.30 1.418
Pelvic floor rehabilitation 2 6 2.828
Area North 28 6.50 1.915 F=0,596
Center 234 6.03 2.231
South 22 6.05 1.864




Socio-demographic

WRQoL variables Groups N Mean +SD  torF values
WCs Age (range) 22-30 134 13.6 3.559 F=1.572
31-49 118 12.85 4.248
>50 32 13.94 4.288
Gender Male 69 14 3.750 t=1,639
Female 215 13.11 3.996
Profession Physiotherapist 121 13.98 3.982 F=4.532*
Occupational therapist 54 13.43 3.087
Speech therapist 47 11.49 4.117
Neuro and psychomotricity therapist 22 10.73 4.233
Orthoptist 6 15.83 1.169
Professional educator 18 14.39 3.346
Podiatrist 10 14.9 3.814
Psychiatric rehabilitation technician 6 14.83 3.656
Type of structure Outpatient clinic 44 10.91 4.136 F=6.351**
Nursing home 16 14.19 4.151
Private studio 50 15.36 3.729
Home service (cooperative/ASL) 33 12.09 3.096
Daycare center 13 13.77 3.586
Rehabilitation center 72 13.56 3.688
Hospital 56 13.48 3.761
Type of patients Pediatric 80 12.23 4.336 F=2,860*
Geriatric 43 13.70 3.655
Neurological 88 13.15 3.496
Orthopedic 61 14.39 3.997
Cardio-respiratory 10 15.20 2.573
Pelvic floor rehabilitation 2 15 7.071
Area North 28 15.18 4.199 F=3,601*
Center 234 13.09 3.846
South 22 13.50 4.262
EEn Age (range) 22-30 134 9.75 2.890 F=0.133
31-49 118 9.55 3.428
>50 32 9.66 2.890
Gender Male 69 9.97 3.120 t=0,947
Female 215 9.56 3.115




Socio-demographic

WRQoL variables Groups N Mean +SD  torF values

Profession Physiotherapist 121 9.85 3.122 F=1.911
Occupational therapist 54 9.72 3.043
Speech therapist 47 8.79 3.148
Neuro and psychomotricity therapist 22 8.5 3.556
Orthoptist 6 11.67 2.066
Professional educator 18 10.11 2.847
Podiatrist 10 10.6 2.547
Psychiatric rehabilitation technician 6 11.5 2.074

Type of structure Outpatient clinic 44 8.59 3.392 F=2.935*
Nursing home 16 9.25 2.978
Private studio 50 10.92 3.043
Home service (cooperative/ASL) 33 9.76 2.916
Daycare center 13 10.62 2.599
Rehabilitation center 72 9.17 2.917
Hospital 56 9.86 3.147

Type of patients Pediatric 80 9.39 3.355 F=0,976
Geriatric 43 10 2.936
Neurological 88 9.35 3.081
Orthopedic 61 9.98 3.041
Cardio-respiratory 10 10.70 2.359
Pelvic floor rehabilitation 2 12 4.243

Area North 28 11.04 3.636 F=3,370*
Center 234 9.47 3.009
South 22 10 3.207

Total Age (range) 22-30 134 85.06  17.330 1.202

31-49 118 85.67  19.766
>50 32 90.66  18.597

Gender Male 69 87.16  19.479 t=0,626
Female 215 85.55  18.248

Profession Physiotherapist 121 87.52  18.868 F=2.758"*
Occupational therapist 54 88.43  15.807
Speech therapist 47 79.77  19.130
Neuro and psychomotricity therapist 22 7482  20.339
Orthoptist 6 91.50 14502
Professional educator 18 90.39  14.439
Podiatrist 10 90.3 19.38
Psychiatric rehabilitation technician 6 9483  16.618




Socio-demographic

WRQoL variables Groups N Mean +SD  torF values

Type of structure Outpatient clinic 44 77.48  21.501 F=3.785*"
Nursing home 16 86.88  19.761
Private studio 50 93.32  18.728
Home service (cooperative/ASL) 33 83.30  13.799
Daycare center 13 91 14.68
Rehabilitation center 72 83.67  17.439
Hospital 56 89.05 17.392

Type of patients Pediatric 80 82.14  20.253 F=1,727
Geriatric 43 86.35  18.471
Neurological 88 85.88  16.759
Orthopedic 61 88.75  18.768
Cardio-respiratory 10 9520 11.915
Pelvic floor rehabilitation 2 100.5 26.163

Area North 28 93.46  21.473 F=2,690*
Center 234 8496  18.111
South 22 86.82  17.584

*<0.05 *p<0.01
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SUMMARY

Work preservation is crucial for the reintegration of ex-prisoners and the prevention of recidivism. We describe the
application of an interdisciplinary diagnostic protocol ( occupational health visit, psychiatric interview, psychological
counselling and testing) in the case of a dairy industry worker (female, 45-year-old), released on half-freedom after
approximately a year of detention in prison for attempted murder. This crime can seriously hamper job resumption.
The evaluation revealed a slightly depressed mood (consistent with recent life events), in the absence of major psychi-
atric disorders or other disturbances that could compromise working abilities or represent a danger for the coworkers.
The patient was, therefore, judged able to resume her job. At six months follow-up, she had fully served her sentence
and had returned to her previous job, with good relations with her colleagues. However, she encountered hostility from
her employer, which induced her to find a new job as a secretary. Her mental health status was improved. The inter-
disciplinary approach described here may allow ex-prisoners to return to work by helping the company physician to
formulate the judgement of job fitness, offering at the same time suggestions for a rational occupational reintegration.

1. INTRODUCTION

Work preservation after release from prison is a
main issue for social reintegration and to prevent
recidivism [1, 2]. After detention, however, work-
ers experience complex health challenges and prob-
lems resettling into the community. Consequently,
interventions to improve employment should fo-
cus not just on starting or resuming a job but also
on ensuring that work is of good quality and that
the individual has the skills and support to sustain
employment [3]. In this context, the judgment of
job fitness may be particularly challenging and re-
quire collaboration between the occupational physi-
cian (analysis of task features and related risks) and
the psychiatrist (job adaptation to mental status,

Received 18.06.2024 — Accepted 20.07.2024

evaluation of possible risk for coworkers). This syn-
ergistic approach may serve multiple purposes: to
provide indications about working capabilities and
modalities of job maintenance, minimize health
risks, and improve prescription compliance, allow-
ing a safe and well-informed return to work.

We describe here the application of an interdisci-
plinary diagnostic protocol (used successfully at our
Institute since the beginning of the 2000s for work-
related psychopathological issues [4, 5]) in the case
of a female worker in a half-freedom regime after
detention for attempted murder. This conviction can
severely hinder a return to employment. No previ-
ous case report has documented the possible role of
this integrated strategy for work resumption after
jail for serious crimes.

*Corresponding Author: Stefano M. Candura; E-mail: stefano.candura@icsmaugeri.it
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2. CASE STUDY

A 45 year-old woman (ex-prisoner in half-freedom)
was referred to our Institute by her company physician
for diagnostic in-depth investigations aimed at job fit-
ness evaluation, in accordance to the Italian Legisla-
tive Decree n. 81/2008 (article 39, paragraph 5). The
subject was evaluated using an interdisciplinary proto-
col: occupational medicine, psychiatry, and psychology

(counselling and testing).
2.1. Medical and Occupational History

Nothing relevant was found in family, physiologi-
cal and remote pathological anamnesis. Legally sep-
arated from her husband, without children. Active
smoker (10 cigarettes/day) since age 35. After com-
pleting her studies (high school degree), the patient
started working at the age of 20 at the municipal
dairy of her hometown as an administrative office
worker.

At the age of 39, after separating from her hus-
band, with whom she was sharing the office at work,
the patient was diagnosed with reactive anxious-
depressive syndrome and asked for a task change.
She was, therefore, transferred to the management
and storage (cold room) of unsold or expired dairy
products. Equipped with safety shoes and subjected
to annual sanitary surveillance (occupational risk fac-
tors: mechanical traumatic agents, manual handling
of loads, cold microclimate, chemical disinfectants).
Day shifts (08.00-14.40, Monday to Saturday).
Occupational activity had been interrupted 17 months
before our evaluation due to incarceration.

2.2. Judicial Vicissitudes

After the breakup with her husband, the patient
began a relationship with another partner, who
turned out to be addicted to illicit substances, not
inclined to work and violent. During a quarrel, the
patient, fearing to be physically attacked (as already
happened previously), stabbed the man in the abdo-
men with a kitchen knife, causing laceration of his
spleen and haemoperitoneum. The man was saved by
emergency surgery,and the patient was tried and con-
victed for attempted murder (with plea bargaining

of the sentence and recognition of mitigating cir-
cumstances). After about a year in prison, she was
granted home detention and then half-freedom
(with the possibility of returning to work).

2.3. Physical Examination

At our evaluation, the patient was severely under-
weight (height: 163 cm; weight: 42 kg; body mass

index: 15.8). Nothing else was relevant.
2.4. Neuropsychological Evaluation

Global cognitive function was largely normal,
with a mild selective deficit in the verbal working
memory capacity (without interference on the level
of autonomy in daily life activities).

2.5. Psychiatric Evaluation

At the psychiatric interview, the patient retraced
her life story, focusing on the separation from her
husband and her most recent legal vicissitudes.
These traumatic events had an important emotional
impact, configuring a situation of acute stress in a
subject with personality aspects characterized by
emotional fragility, poor insight capacity and a ten-
dency to manifest depressive symptoms in response
to environmental triggers.

A slightly depressed mood, consistent with the
life events reported, was found. The woman was
strongly intolerant of the continuation of the in-
terruption of her work activity, in particular of the
loss of her rhythm of life, her work role, and the
monthly economic income, which were fundamen-
tal for maintaining her autonomy.

No major psychiatric disorders or other psycho-
logical disturbances that could compromise working
abilities were identified.

2.6. Diagnostic Conclusion and Advice for
Work rRsumption

Overall, the multidisciplinary evaluation high-
lighted a slightly depressed mood, consistent with
recent life events, in the absence of major psychiat-
ric disorders. Presence of marked discomfort due to
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the interruption of work activity and the consequent
absence of economic remuneration. The patient was
judged able to resume the job she did before the le-
gal events, with the prescription to avoid particu-
larly stressful conditions.

2.7. Follow-up

At six months follow-up, the patient had served
her full sentence and was once again a free woman.
At the same time she had returned to work, with
good relations with her colleagues but encountering
a certain hostility from her employer, who (accord-
ing to the patient) called her “privileged” for hav-
ing returned (considering her past), and often left
her alone to manage two cold rooms, without giving
her the opportunity of getting a license to drive the
forklift. Therefore, also due to the recent onset of
lumbar disc herniation with limitation in the move-
ment of loads, she had resigned and found a new job
as a secretary at an insurance company.

The state of health was improved overall, with
weight gain and regression of the depressive disorder.

3. DISCUSSION

In all countries of the civilized world, work plays
a pivotal role in prisoners’ rehabilitation and social
reintegration [6]. In Italy, article 15 of the Peniten-
tiary Regulation (Law n. 354/1975) identifies work
as one of the elements of re-educational treatment,
establishing that, except in cases of impossibility, the
convicted person should be guaranteed employment.
'This principle applies even more to prisoners in
half-freedom, as in the case described here. Indeed,
half-freedom represents an example of individual-
ized treatment with progressive reintegration, that
is granted precisely to allow the prisoner to spend
part of the day outside the penitentiary institution
to participate in work, educational or otherwise use-
ful activities for resocialization (Italian Penitentiary
Regulation, art. 48). Unfortunately, employment
of convicts encounters considerable difficulties in
practical application, due to prisons overcrowding,
as well as various other political and organizational
problems. Less than a third of Italian prisoners are

working [7].

Occupational and social reintegration at the end
of the sentence is even more problematic, especially
for women [8] or high-profile offenders [9]. When
searching for a job, former prisoners experience sev-
eral barriers and difficulties related to their deficits
in human and social capital (e.g., low education,
poor employment experience, limited skills), psychi-
atric disturbances (e.g., substance use disorders), and
the stigma associated with having a criminal record
[10]. Generally, incarcerated women have lower
education and more significant gaps in their occu-
pational histories. Moreover, under a male model of
corrections, females have less access to training and
education while in prison, and it is harder for them
to find a job upon release because they frequently
have to care for others [8].

Unemployment after release from prison is
strongly associated with detrimental health effects
(especially mental problems), economic difficulties,
and a high risk of committing new crimes [2, 8].

In the case of individuals wishing to return to
work after violent crimes (such as the woman de-
scribed here), the company occupational physician
(“medico competente” ex Italian Legislative Decree
n. 81/2008, who must by law evaluate the fitness and
the suitability for the specific task) generally faces a
double problem: not only evaluating the compatibil-
ity of the job with the changed psychophysical con-
ditions of the individual, but also excluding that his/
her re-employment could constitute a risk for other
workers. In the reported case, the company physi-
cian referred the subject to us for a second-level
evaluation. We, therefore, used the interdisciplinary
approach, which has already been proven success-
ful (at our Institute), to diagnose work-related psy-
chological problems, to define job fitness in subjects
with psychiatric disorders, and to address such pa-
tients towards an appropriate therapeutic path to
promote their psychological well-being and occupa-
tional reintegration [4, 5].

After occupational medicine examination, psy-
chiatric interview, and psychodiagnostic testing, no
major psychiatric disorders were identified. How-
ever, the patient presented a slightly depressed
mood, reactive to the separation from her husband
(awell-known major stressful event [11]) and mostly
to her recent imprisonment. This is not surprising as
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the prison climate is notoriously detrimental to the
mental health of inmates, especially women [12,13].

The state of unemployment was a further factor
of serious discomfort, and the patient was strongly
motivated to return to work. Given the absence of
physical or psychological disturbances that could
prevent the resumption of the previously performed
task, compromise her working abilities, or consti-
tute a danger to her coworkers, we suggested that
employment recovery, besides not being contraindi-
cated, could have an important therapeutic and re-
habilitative value. Indeed, our advice was followed,
and the patient resumed work without encountering
relational problems with her colleagues and with a
significant improvement in her mental health.

However, at follow-up, she reported hostility
from her employer, which, in combination with the
concurrent onset of back problems, had led her to
seek a different job. This confirms, once again, that
occupational recovery after detention is a process
that encounters considerable obstacles and preju-
dices [8-10].

Some prisons offer educational and skill develop-
ment programmes, work programmes, and super-
vised work release. These operate on the assumption
that improving the prison population’s limited
education and work experience will increase the like-
lihood of successfully securing future employment.
Following the release, support programmes for em-
ployment, provided by statutory and non-statutory
services, vary in their approach from focusing sin-
gularly on employment to those which offer more
holistic interventions, incorporating help in finding
work, preparation for employment, support, and psy-
chological guidance [3]. There is currently encourag-
ing (though limited) evidence for the effectiveness
of such interventions. For example, prisoners who
had participated in a supervision program of the
Israeli Prisoner Rehabilitation Authority showed
better integration into employment, a higher wage
level, and a lower rate of reincarceration [1]. A re-
cent meta-analysis of randomised controlled trials
(conducted in the USA) demonstrated a significant
increase in the number of people starting employ-
ment and the amount of time worked following
release. However, no evidence of effectiveness was
found on indicators of sustained employment [3].

We believe that programs aimed at prisoner em-
ployment should include psychophysical evalua-
tion, possibly task-oriented. From this perspective,
the multidisciplinary approach successfully used for
the subject of this report seems promising. Studies
on other similar patients are needed in the future
to confirm our uncommon preliminary observation.
However, the experience documented in the single
case described, which demonstrates the real possi-
bility of work resumption for a female worker con-
victed for a violent crime, may serve as a reference
for the resolution of other similar cases.

4. CONCLUSION

In the case reported here, our evaluation favoured
the resumption of employment and improvement of
mental health conditions. The interdisciplinary ap-
proach utilised can allow ex-prisoners to keep their
jobs or find new employment, helping the company
occupational physician formulate the judgment of
fitness and suitability for the job while at the same
time offering suggestions for a rational return to
work.
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