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summary
This paper discusses the impact of artificial intelligence (AI) on occupational health and safety. Although the integra-
tion of AI into the field of occupational health and safety is still in its early stages, it has numerous applications in the 
workplace. Some of these applications offer numerous benefits for the health and safety of workers, such as continu-
ous monitoring of workers’ health and safety and the workplace environment through wearable devices and sensors. 
However, AI might have negative impacts in the workplace, such as ethical worries and data privacy concerns. To 
maximize the benefits and minimize the drawbacks of AI in the workplace, certain measures should be applied, such 
as training for both employers and employees and setting policies and guidelines regulating the integration of AI in 
the workplace.

1. IntroductIon

In 1955, John McCarthy was the first to create 
the term ‘Artificial Intelligence’ (AI) [1]. AI refers 
to the simulation of human intelligence in ma-
chines that are programmed to think and learn like 
humans. It involves the development of algorithms 
and computational models that enable machines to 
perform tasks traditionally requiring human intel-
ligence. These tasks include problem-solving, speech 
recognition, decision-making, visual perception, 
language translation, and more [2].

AI can be divided into two primary categories: 
Internet of Things (IoT) optimized for specific tasks 
and performs well in voice assistants, recommenda-
tion algorithms, and image recognition systems [1, 2] 
and generative AI, i.e., systems that associate words, 
learn, and solve complicated issues but, despite their 
name, are not as intelligent as human beings [2, 3].  

AI comprises several subfields, such as robotics, 
computer vision, natural language processing, ma-
chine learning, and expert systems. AI mostly relies 
on machine learning, which uses algorithms to allow 
computers to learn from experience, providing “intel-
ligent” outcomes without explicit programming [4].

On the other hand, occupational health and 
safety (OHS) is defined as a multidisciplinary field 
concerned with safeguarding and promoting the 
well-being of individuals in the workplace. It en-
compasses a systematic approach to identifying, as-
sessing, and mitigating risks and hazards that may 
arise from work-related activities [5]. The primary 
goals of OHS are to prevent injuries, illnesses, and 
fatalities among workers and to create and maintain 
a work environment fostering the workers’ physical, 
mental, and social health [6].

Currently, AI enables real-time monitoring of 
workplace hazards, identifying and addressing risks 
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proactively, and enhancing preventive measures 
through predictive analytics powered by AI fore-
casts health trends [4, 7, 8]. The incorporation of AI 
not only improves safety protocols but also advances 
a comprehensive approach to employee well-being, 
marking a paradigm shift in the field of OHS with 
increased efficiency and precision [9, 10]. On the 
other side, innovative uses of AI in the workplace 
provide significant challenges for OHS profession-
als who need to gain a deeper grasp of AI approaches 
and their possible consequences on work and work-
ers when AI-enabled apps are implemented in the 
workplace [2, 3, 11, 12]. As AI technologies are used 
in the workplace, it is imperative to maximize their 
potential benefits for OHS while minimizing any 
potential drawbacks.

2. BenefIts and applIcatIons of aI In 
occupatIonal HealtH and safety

2.1. Worker’s Health Monitoring Through 
Wearable Devices, Sensors and IoT Devices

Wearable devices and sensors in the workplace 
are pivotal in enhancing workers’ well-being, safety, 
and overall productivity [13]. These devices are 
commonly used to monitor various health metrics, 
including vital signs, steps taken, and sleep pat-
terns, identify fatigue or stress levels, and promptly 
notify workers and supervisors in case of emergen-
cies or potential health risks [13-15]. IoT refers 
to the network of interconnected physical devices, 
objects, and systems that communicate and share 
data through the Internet [16]. In a workplace 
context, IoT involves embedding various sensors 
and other smart devices into the infrastructure to 
collect and exchange data [17]. Numerous stud-
ies have indicated that companies can utilize data 
from wearable devices, sensors, and IoT, enhanced 
by AI, to identify potential health risks such as 
 elevated stress levels or irregular sleep patterns  
[14, 15, 18-20]. Moreover, the data collected by 
wearable devices and IoT can be manipulated by AI 
to inform the implementation of targeted wellness 
programs, including personalized fitness plans and 
stress management workshops, to support overall 
employee well-being [15, 21]. In hazardous work 

environments like construction, mining, and manu-
facturing, specialized wearable devices such as smart 
helmets equipped with sensors can detect harmful 
gases, monitor environmental conditions, and assess 
head injuries [22]. These wearables, integrated with 
AI, trigger automatic alerts or emergency responses 
in case of accidents, ensuring timely assistance and 
preventing severe consequences [23]. Hence, the 
integration of wearables, sensors, and artificial in-
telligence empowers both employers and employees 
to prioritize health and safety, resulting in increased 
productivity, reduced absenteeism, and enhanced job 
satisfaction [3, 7]. As these technologies advance, we 
can anticipate even more sophisticated applications 
that will reshape the landscape of workplace health 
monitoring in the future.

Sensor technology extends beyond wearables to 
workplace health monitoring, with environmental 
sensors throughout workspaces detecting factors 
like temperature, humidity, noise levels, and air qual-
ity [24, 25]. When coupled with AI-driven systems, 
these sensors evaluate overall workplace health and 
safety, identifying potential hazards and proactively 
improving conditions [22, 26].

2.2. Smart Building Systems for Energy 
Efficiency and Employee Comfort

AI can optimize smart building systems to en-
hance energy efficiency while maintaining optimal 
conditions for employee comfort [27]. This includes 
intelligent climate control, lighting, and resource 
management in the workplace [26, 28].

2.3. Hazard Identification and Risk Assessment

Hazard detection programs help protect against 
various risks, such as unsafe working conditions, 
workers without protective clothing, misuse of 
tools and equipment, trip and fall hazards, unat-
tended vehicles, equipment out of place, and other 
compliance issues [29-31]. Industries can employ 
AI systems to examine images and videos from 
workplaces, uncovering potential hazards that may 
elude human observation [29, 32]. For example, the 
UK’s Health and Safety Executive developed an ar-
tificial intelligence program called Estimation and 
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Assessment of Substance Exposure (EASE) to as-
sess occupational exposure to certain substances in 
the workplace [32]. Additionally, AI can play a role 
in forecasting machinery breakdowns. Through the 
analysis of sensor data on machines, AI can identify 
abnormal patterns that signal a potential fault [1]. 
This proactive detection enables companies to per-
form maintenance before a machine malfunctions, 
averting potential accidents. Moreover, AI programs 
can identify, assess, and mitigate risks by analyzing 
data and identifying patterns and anomalies [16, 
32]. However, few studies have been conducted to 
demonstrate the positive and negative aspects of in-
tegrating AI into the risk assessment process and 
health surveillance in workplaces. This might be be-
cause the integration of AI in the industry is still in 
its early stages, and the main current focus is on its 
impact on immediate concerns such as safety and 
regulatory compliance [4, 10, 29].

2.4. AI-Integrated Smart Personal Protective 
Equipment

Personal Protective Equipment (PPE), such as 
respirators, safety shoes, ear muffs, and safety gog-
gles, has always played a crucial role in safeguard-
ing workers from various hazards in the workplace 
[33]. When a task poses inherent risks that cannot 
be sufficiently controlled through collective techni-
cal or organizational measures, the use of PPE be-
comes essential to enable workers to perform their 
tasks with reduced injury risks [5]. The reliability 
and effectiveness of PPE are paramount, aligning 
with the established principle of the hierarchy of 
prevention.

Smart PPE refers to PPE that combines tradi-
tional PPE (such as firefighter protective suit) with 
electronics, such as sensors, detectors, data transfer 
modules, batteries, cables, and other elements [22, 
34]. By combining AI technologies with smart 
PPE, it actively monitors and adapts to changing 
environmental conditions, detecting hazards, assess-
ing air quality, and providing real-time alerts [22, 
34, 35]. This innovation enhances communication 
and fosters a proactive approach to occupational 
safety, ensuring a safer work environment across di-
verse industries.

2.5. Workplace Violence Monitoring

Workplace violence is a pervasive issue globally 
that poses a risk to workers’ mental health. More 
than one in five people (almost 23 %) in employ-
ment have experienced violence and harassment at 
work, whether physical, psychological or sexual [36]. 
AI can play an important role in preventing work-
place violence. Natural language processing (NLP) 
is a technique from computer science that helps to 
analyze large bodies of text. Using NLP, AI can scan 
emails and files for inappropriate language, alerting 
managers when such phrases are detected [37, 38]. 
With voice recognition, AI can recognize spoken 
phrases in meetings, generating detailed reports to 
address instances of harassment [36, 39, 40].

2.6. AI in Drug and Alcohol Screening Programs

About 60% of people with substance use disor-
ders (SUDs) are currently employed [41]. Hence, 
workers’ alcohol and drug use can harmfully impact 
both the workers and the workplace, resulting in 
absenteeism, high turnover, decreased productivity, 
and other safety problems [42]. AI can contribute to 
more efficient and accurate drug and alcohol screen-
ing processes in the workplace [43]. Automated 
systems can analyze biological samples, ensuring 
compliance with safety regulations and promoting a 
substance-free work environment [43, 44].

2.7. Workforce Mental Health Monitoring

AI-driven tools are increasingly employed for 
monitoring and addressing mental health issues 
in the workplace, which can be done using remote 
health monitoring systems by tracking vital signs 
and health metrics and providing real-time infor-
mation to healthcare professionals for early de-
tection of health issues among workers [4, 45]. In 
addition, NLP can play a role in analyzing workers’ 
communication for signs of stress, enabling timely 
interventions and support [38]. This enables organi-
zations to implement preventive measures to sup-
port workers’ mental health and well-being.

In their literature review, Moshawrab et al., 2022, 
discussed the importance of using AI-integrated 
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to share the workspace with human operators [3]. 
This collaboration aims to enhance productivity and 
safety in sectors such as manufacturing and logistics 
[3]. Chatbots are bots designed to engage in con-
versation with users, and they are commonly used 
in customer service, providing quick and automated 
responses to queries [55]. Automation through AI 
and Machine Learning (ML) enhances the effi-
ciency of robots, particularly in handling hazardous 
tasks, including safety inspection of hazardous envi-
ronments, maintenance, and handling of dangerous 
materials [55, 56].

2.10. AI-Enhanced Occupational Health 
Compliance Safety Audits

By using IoT sensors, AI can track and audit every 
individual worker on multiple levels, ensuring that 
workplaces adhere to safety standards, minimize le-
gal risks, and promote a culture of compliance [16]. 
This includes monitoring worker locations, track-
ing vital signs, alerting workers to environmental 
hazards, providing accurate information to remote 
workers, reducing the risk of physical injuries, and 
enhancing staff training [7, 16, 24].

2.11. Decision Support Systems (DSS)

Decision support systems (DSS) are computer-
based tools or systems that support decision-making 
activities within an organization [57]. They provide 
interactive access to databases and help users ana-
lyze complex data, generate reports, and make deci-
sions based on the insights gained [58]. AI-powered 
DSS can assist managers and executives in mak-
ing informed decisions by analyzing complex data 
sets, identifying patterns, and providing insights 
and recommendations [3, 7]. These systems lever-
age techniques like data mining, machine learning, 
and NLP to aid decision-making across various  
industries [57, 59].

3. drawBacKs and etHIcal Issues of aI In 
occupatIonal HealtH and safety

Despite AI’s immense potential to enhance work-
place safety, its implementation brings challenges 

smart wearable devices to screen and identify oc-
cupational physical fatigue among workers [13]. 
They reported that AI-integrated smart wearables 
have established their usefulness in identifying and 
screening fatigue at work, which can limit the harm-
ful effects of fatigue on workers [13].

2.8. Musculoskeletal System and Ergonomics

The work-related musculoskeletal disorders 
(WMSDs) are considered an important cause of 
occupational injury at the workplace, leading to in-
creased absence rates from work [46, 47]. On the 
other hand, ergonomics can defined as adjusting 
work environments, tools, and worker postures to 
prevent WMSDs induced by ergonomic risk factors 
such as awkward posture, repetitive movements, and 
excessive force at work [48, 49]. Ergonomists usu-
ally assess each worker’s ergonomic risk factors using 
techniques such as postural analysis, anthropomet-
ric measures, motion and time studies, biomechani-
cal models, force evaluation, and energy expenditure 
assessments [48, 50]. Recently, several studies have 
shown the possibility of improving ergonomic anal-
ysis through the combined use of artificial intelli-
gence and wearable sensors [26, 51-53]. AI-assisted 
health programs can analyze ergonomic factors 
and individual anthropometric data to predict and 
prevent musculoskeletal disorders in the workplace 
[51]. AI-driven wearable devices can continuously 
analyze workers’ motions and body postures [52] to 
recognize movements that may pose a risk of injury. 
Alerts are then issued to workers to mitigate the po-
tential for long-term health problems [53].

2.9. Automating Dangerous Tasks Using AI 
Automated Bots

Bots, short for robots, are automated software pro-
grams designed to perform specific tasks. The most 
important bots used in industry are collaborative ro-
bots (Cobots) and Chatbots. Collaborative robots, 
often referred to as cobots, are designed to work in 
close proximity to humans, fostering a collabora-
tive and cooperative environment [54, 55]. Unlike 
traditional industrial robots that operate in isola-
tion or behind safety barriers, cobots are engineered 
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their tasks are automated by AI [4, 66, 67]. Rec-
ognizing and addressing these emotional impacts is 
essential to creating a positive and supportive work 
environment while implementing AI technologies. 
Considering the role of occupational physicians ex-
cluded from algorithm definitions and the potential 
organizational and evaluation implications arising 
from such exclusion is of utmost importance. This 
brings attention to the critical intersection between 
healthcare professionals, technology, and regulatory 
frameworks, emphasizing the significance of in-
cluding occupational doctors in discussions around 
AI implementation and compliance with existing 
laws and regulations.

4. conclusIon

In conclusion, integrating AI in occupational 
health and safety offers benefits such as enhanced 
safety and productivity through predictive main-
tenance and real-time risk assessment. However, 
drawbacks include ethical concerns, data privacy con-
siderations, and the need for regulatory compliance. 
Work organizations must balance innovation with 
respecting workers’ rights, investing in workforce 
education, building AI expertise, and collaborating 
with solution providers to seamlessly ensure a safe 
workplace that integrates AI and human ingenuity.
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summary
Generative artificial intelligence and Large Language Models reshape labor dynamics and occupational health prac-
tices. As AI continues to evolve, there’s a critical need to customize ethical considerations for its specific impacts on 
occupational health. Recognizing potential ethical challenges and dilemmas, stakeholders and physicians are urged 
to proactively adjust the practice of Occupational Medicine in response to shifting ethical paradigms. By advocating 
for a comprehensive review of the International Commission on Occupational Health ICOH Code of Ethics, we can 
ensure responsible medical AI deployment, safeguarding the well-being of workers amidst the transformative effects 
of automation in healthcare.

1. IntroductIon

Picking up the legacy of Alan Turing, who in 
1950 asked himself the question, “can machines 
think?” proposing the test named after him and first 
coined in 1956 at the Dartmouth Summer Research 
Project on Artificial Intelligence, a seminal event for 
artificial intelligence as a field where a group of sci-
entists set out to teach machines to use language, 
form concepts, self-improve, and solve problems 
originally reserved for humans [1, 2], Artificial In-
telligence (AI) is a field of computer science aimed 
at creating algorithms and systems capable of mim-
icking human cognitive functions [3, 4].

After several drafts and revisions, the European 
Parliament approved the final text of the AI Act* on 
13 March 2024, becoming the first in the world to try 
to give clear rules and bans on the development of one 

of the most disruptive and revolutionary technologies. 
All artificial intelligence applications and systems 
operating in the European Union will be classified 
according to four risk levels (minimal, limited, high, 
and unacceptable) to protect EU citizens based on the 
Treaty on European Union (TEU) and the Treaty on 
the Functioning of the European Union (TFEU).

Integrating digital technology, including AI, is 
revolutionizing the occupational landscape, rede-
fining the types of available jobs and how work is 
organized and managed. This change is unstoppa-
ble and involves all productive sectors. Some of the 
most recognizable and prevalent instances of arti-
ficial intelligence in occupational settings include 
human resource (HR) software tools, collaborative 
robots (cobots) utilized in industrial settings, vir-
tual assistants in customer service centers, wearable 
devices utilized for real-time training and digital 
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platforms facilitating freelance or “gig” employment 
opportunities [5, 6].

AI-based HR systems are used, for example, for 
task assignment, performance evaluations, and ac-
tivity monitoring, such as the technique of people 
analytics, defined as the use by human resources of 
data on behavior, relationships, and human traits to 
make business decisions [7].

Smart personal protective equipments (PPE) 
are traditional protection systems combined with 
electronic components (such as sensors that can be 
incorporated into helmets or safety glasses and mo-
bile or fixed systems via cameras) capable of con-
tinuously recording data on the worker, the work 
environment and the use of the device itself. They 
allow, for example, the verification of a person on 
the ground, mapping of hazardous areas, immediate 
alert of the release of substances hazardous to work-
ers’ health but also allergens, noise, and chemicals, or 
to monitor stress, physical fatigue or to record vital 
parameters such as core body temperature and heart 
rate [8-11].

Chatbots represent a model of human-computer 
interaction and are designed to simulate human con-
versation, especially via text or voice, using artificial 
intelligence algorithms. They can be integrated into 
various platforms, such as websites, instant mes-
saging apps, social media, and email. They can be 
designed to perform different roles, from customer 
support services to virtual tutors or conversation 
companions. In the world of work, they are increas-
ingly used for various purposes. Some chatbots 
analyze workers’ communication patterns to assess 
the risk of mental health problems, such as burn-
out, and they can also provide personalized sup-
port to workers, such as personalized mindfulness 
practices through ad hoc platforms like MindBot, 
an EU-funded project [12]. They are also used to 
provide information on safety procedures to work-
ers at any time or to manage customer assistance 
requests, freeing humans working in call centers. 
Virtual reality is used to train workers towards safer 
and healthier behaviors. Additionally, cobots or col-
laborative robots are employed to assist workers 
and improve efficiency and safety in the workplace 
across a variety of sectors and applications, such as 
assembly, logistics, healthcare, agriculture, and more  

[13, 14], allowing people to be removed from dan-
gerous physical work and environments with chem-
ical and ergonomic hazards, even if they can pose 
safety issues [15].

Another example of technological integration oc-
curs in the Gig Economy, where digital platforms 
offer an ecosystem benefiting both workers, known 
as gig workers (e.g., couriers), and clients or compa-
nies. According to 2021 data from the EU Science 
Hub [16, 17], gig workers represent a rapidly grow-
ing workforce, with millions of people employed in 
the European sector.

From these examples of existing workplace ap-
plications, it is confirmed that emerging technolo-
gies such as artificial intelligence, automation, the 
Internet of Things (IoT), including healthcare IOT, 
robotics, and blockchain, are radically transforming 
how organizations operate and manage their activi-
ties [18], meeting the definition of AI-based worker 
management (AIWM) technologies.

Data Mining (DM), based on the analysis of Big 
Data – a subset of Data Science - through Deep 
Learning (DL) – a subset of ANNs with multi-layer 
(deep) structures within Machine Learning (ML) -  
can help researchers in the process of Knowledge 
Discovery in Databases (KDD) [19-21].

The implementation of increasingly complex 
technological models, also based on AI, will be able 
to facilitate the transition to a 5p Occupational 
Medicine (personalized, preventive, predictive, par-
ticipatory precision medicine) as would seem possi-
ble from the study of digital twin, digital replica that 
mirrors the physical entity in real-time or near- real-
time, enabling simulations and predictive analytics, 
allowing users to forecast performance, behavior, 
and potential issues before they occur in the physi-
cal world, which could be implemented in Occupa-
tional Medicine for the study and prediction of the 
pathogenesis mechanisms of technopathy providing 
a deeper understanding of the physical world and 
enabling data-driven based evidence [19, 22, 23].

In recent years, generative artificial intelligence 
(GAI), which evolved from Machine Learning 
(ML), has undergone rapid development. This 
branch of AI consists of algorithms that learn from 
large amounts of data to create new content in vari-
ous formats, such as text, images, video, audio, and 
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code. These models are known for their ability to 
perform a wide range of tasks, including writing, 
poetic composition, literature review, translation, 
and text adaptation to different contexts [24], simu-
lating human cognitive processes, even if there is no 
specific correlation between the computer states and 
cognitive states of the brain. There are large language 
models (LLMs) within the realm of generative AI. 
These systems are based on a complex of artificial 
neural networks (ANNs) capable of mimicking the 
brain structure and handling vast volumes of written 
information. They can be employed in various con-
texts, such as automatic translation, text creation, 
and question answering [25], generating human-
like text. LLMs have rapidly spread globally in the 
last year and a half and have immediately demon-
strated their potential to revolutionize the global 
medical sector [26]. The potential applications of 
LLMs in the medical field mainly concern medical 
education, scientific research, medical clinical prac-
tice, and the doctor-patient relationship [27]. The 
use of chatbots like ChatGPT, based on Genera-
tive Pretrained Transformer (GPT), a specific type 
of LLM developed by OpenAI [28], trained on vast 
amounts of text data also represents an opportunity 
in Occupational Medicine because of their capac-
ity to generate coherent, contextually relevant sen-
tences. Unlike traditional chatbots, which are often 
designed to perform specific tasks or respond to pre-
defined questions, models like ChatGPT are better 
suited for generating fluid and natural language re-
sponses across a wide range of conversational con-
texts without the need to be programmed or trained 
on specific data [29].

GAI systems and subsets could be employed as 
virtual assistants for Occupational Medicine profes-
sionals, providing instant responses regarding cur-
rent health and safety regulations in the workplace 
[30, 31]. They could also be used to draft informa-
tive documents and company communications and 
write and review risk assessment documentation to 
fulfill employer regulatory obligations. Finally, they 
could be employed to develop more efficient man-
agement systems for health surveillance, ensuring 
more comprehensive data collection.

However, it’s essential to recognize that the in-
tegration of AI and machine learning in healthcare 

also presents challenges, including concerns about 
data privacy and security, the need for robust regu-
latory frameworks, and ensuring that these tech-
nologies are accessible and fair for all patients, as 
highlighted by the EU-OSHA’s Healthy Work-
places Campaign Safe and Healthy Work in the 
Digital Age, running from 2023 to 2025. At the top 
there are LLM hallucinations, a term result of an 
anthropomorphization of AI lexicon and currently 
used when generative AI systems based on Large 
Language Models (LLM) connect, misinterpret 
data and produce erroneous information that ap-
pears coherent and plausible but lacks factual ac-
curacy or medical validity [32]. This phenomenon 
poses a significant problem for medical applications 
because healthcare professionals might encounter 
AI-generated content that looks accurate but could 
lead to incorrect diagnoses or treatments if relied 
upon without scrutiny because of the so-called 
counterfactual bias or the tendency to consider an 
incorrect factual premise true. The causes of LLM 
hallucinations can be varied and complex. One 
of the main reasons is the sensitivity of LLMs to 
training data or the presence of patterns that can  
mislead the algorithm. Ambiguous or non- 
representative data can generate erroneous responses 
that reflect distorted interpretations of reality with 
significant ethical and safety implications. These 
are errors that are sometimes so gross that they are 
immediately obvious. However, continued progress 
in LLM training (e.g., human feedback) will con-
stantly reduce gross hallucinations to form more 
reliable generative models. However, regardless of 
whether issues of hallucinations are adequately ad-
dressed, healthcare providers should be aware of the 
spectrum of capabilities and limitations of genera-
tive AIs, ensuring that medical decisions are based 
on reliable evidence and professional knowledge 
rather than solely relying on AI-generated text that 
may not always be accurate or clinically appropriate. 
Cautious use and careful fact-checking are crucial, 
alongside transparency, surveillance, and regulation, 
as already warned [33-35].

Therefore, careful consideration and ongoing 
evaluation are necessary to harness AI’s full poten-
tial in improving healthcare services while effec-
tively addressing these challenges [36].
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private repositories and the web for additional infor-
mation. Consequently, this new wave of automation 
will primarily target a different group of workers, 
typically associated with ‘knowledge work,’ includ-
ing clerical jobs. The anticipated impact appears to 
be not the obliteration of jobs but rather potential 
changes in the quality of jobs, particularly regarding 
work intensity and autonomy. The socio-economic 
impacts of Generative Artificial Intelligence are not 
predetermined; rather, they will largely depend on 
how its deployment is managed, necessitating poli-
cies that support an orderly, equitable, and consulta-
tive transition [39].

Psychosocial risks may worsen with the spread 
of generative AI and LLM in the workplace, or 
new risks may arise. At present, there are no official 
sources that deal with the use of AI in Occupational 
Medicine. Only recently, the World Health Or-
ganization (WHO) issued two documents related 
to AI [40] and LLMs and Generative AI [41]. At 
the same time, the International Code of Ethics for 
Occupational Health Professionals, last updated in 
2014, contains neither recommendations nor guide-
lines on using AI.

WHO documents offer safety recommendations 
for the usage of AI in healthcare, covering six key 
areas: documentation and transparency, total prod-
uct lifecycle and risk management, intended use 
and validation, data quality, privacy and data pro-
tection, and engagement and collaboration. They 
also integrate their previous 2021 publication [42], 
as the latter didn’t consider the potential applica-
tions of LLMs as they were not as advanced yet, 
by providing more than 40 recommendations. Its 
goal is to ensure the appropriate use of LMMs to 
protect public health, emphasizing the need to care-
fully consider the risks associated with developing 
and using generative AI technologies to improve 
healthcare.

The WHO identifies five areas of application of 
LMMs in healthcare: clinical diagnosis, patient-
guided care, administrative tasks, medical training, 
and scientific research for drug development. The 
same guidelines outline ethical considerations and 
best practices for developing, implementing, and re-
sponsibly using these models. WHO highlights the 
need to consider crucial aspects such as privacy, data 

2. dIscussIon

The risks arising from digitization in the work-
place fall within the scope of Council Directive 
89/391/EEC [32], the framework directive on oc-
cupational health and safety, and the national leg-
islation that has implemented it. In addition to 
protecting workers from work-related risks, it also 
establishes the employer’s responsibility to ensure 
safety and health in the workplace. The main risks 
arising from technological integration include loss 
of awareness of events, excessive reliance or potential 
loss of specific job-related skills, demotion, loss of 
autonomy and employment, social isolation, privacy 
violations, and inability to draw clear boundaries 
between social and private life due to 24/7 access to 
technologies [5].

Even gig workers, while enjoying a certain au-
tonomy typical of freelance workers, are subject to a 
high degree of control over their activities by digital 
platforms they work for through management algo-
rithms. During the COVID-19 health emergency, 
the European Commission recognized gig workers 
as essential workers, emphasizing the crucial role 
they play in ensuring the continuous functioning of 
vital services for public safety and health [38]. How-
ever, the ambiguous nature of their employment sta-
tus has made it complex to classify them legally and 
protect their rights, particularly concerning health 
and safety at work.

In August 2023, the ILO published a working 
paper entitled ‘Generative AI and Jobs: A Global 
Analysis of Potential Effects on Job Quantity and 
Quality’, which presents a comprehensive analysis 
of the potential exposure of occupations and tasks to 
Generative Artificial Intelligence, specifically LLMs 
based on Generative Pre-Trained Transformers 
(GPTs), and the possible implications of such ex-
posure for job quantity and quality. Unlike previous 
waves of technological transformation that primar-
ily affected low-skill and repetitive jobs with the 
highest potential for automation, machine learning 
systems can enhance performance in non- routine 
tasks. The proliferation of GPT-based LLMs fur-
ther underscores this evolving trend, given their ca-
pacity to execute cognitive tasks such as analyzing 
text, drafting documents and messages, or scraping 
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 - Human oversight and accountability. In a 
landscape where LLMs wield substantial 
influence over clinical decisions, elucidating 
the responsibilities of occupational health 
practitioners and other professionals in gen-
erative AI usage is imperative.

 - Data privacy and confidentiality. Privacy 
concerns must be reaffirmed within the code, 
emphasizing the confidentiality of health 
surveillance data processed through LLMs.

 - Equity and bias. Given the potential for 
LLMs to reflect and amplify biases, the code 
should stress the importance of mitigating 
discrimination risks and promoting equitable 
access to and utilization of these technolo-
gies, particularly in health surveillance and 
clinical decision-making.

 - Ethical use and learning. Continuous educa-
tion and professional development are essen-
tial. Occupational health practitioners should 
undergo appropriate training in the ethical 
and responsible use of LLMs and engage in 
ongoing professional development to stay 
abreast of technological advancements and 
emerging ethical dilemmas.

 - Continuous Monitoring and updating. The 
code should advocate for continuous moni-
toring and evaluation of the ethical implica-
tions and effectiveness of LLMs utilization in 
clinical practice and Occupational Medicine 
research, focusing on identifying and rectify-
ing any issues or challenges that may arise.

Updating the ICOH code of ethics in Occupa-
tional Medicine in light of the WHO guidelines 
would help ensure that using LLMs in this field is 
ethical and respects workers’ rights.

As pointed out in the preface of the publication 
“The International Code of Ethics for Occupa-
tional Health Professionals” by the Italian National 
Institute for Insurance against Accidents at Work 
(INAIL) [45], the Code represents a starting point 
and not an arrival point in a dynamic process in-
volving the entire occupational health community. 
Therefore, the development and application of pro-
fessional standards according to a multidisciplinary 
approach that remains in step with the times should 

security, transparency, accountability, and fairness 
when using these technologies. Based on what has 
recently been published by the WHO, we believe 
that the rapid progress of artificial intelligence in 
the medical field must also be considered in Occu-
pational Medicine to analyze its possible uses and 
ensure its correct application. Occupational physi-
cians should consider the impact of AI and, in par-
ticular, of LLMs from two perspectives:

 - The impact that generative AI may have in 
terms of employment and organizational 
well-being. Its introduction may cause new 
work hazards due to the possible workers’ 
demotion, burnout, and alienation caused by 
employers’ increasing adoption of AI. This is 
also underscored by the WHO guidelines, 
where the potential loss of jobs and the need 
for workers to reinvent themselves and adapt 
to AI-enabled jobs were inserted among the 
risks for the healthcare systems.

 - The impact of generative AI on occupational 
physicians’ daily practice. For example, the 
use of LLMs on patients’ private data may 
pose ethical and privacy concerns about how 
user data is handled and stored when sub-
mitted to third-party systems. Also, LLM 
hallucinations may lead to wrong diagnoses 
if used unchecked by the health professional.

To raise awareness of Generative AI opportunities 
and potential downfall and regulate its utilization in 
the medical fields, we believe that the WHO guide-
lines should be incorporated into the ethical codes in 
force in Occupational Medicine like the International 
Code of Ethics published by the International Com-
mission on Occupational Health (ICOH)[43, 44].

Several key considerations deserve integration 
into the ICOH Code of Ethics:

 - Transparency and explainability. The code 
should underscore, reiterate, and enforce the 
necessity of transparency among workers con-
cerning clinical decision-making supported 
by LLMs, with occupational health profes-
sionals being the first responsible for the 
transparent utilization of such technologies.
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AbstrAct
Background: Coronary artery disease (CAD) prevention in shift workers (SWs) poses a significant challenge 
worldwide, as CAD remains a major cause of mortality and disability. In the past, SWs were found at higher risk of 
CAD than non-s SWs. Nevertheless, the pathogenic mechanism between shift work and CAD to date is unclear. This 
systematic review aims to enhance understanding of the risk of CAD occurrence in SWs. Methods: A systematic lit-
erature review was conducted from January 2013 to December 2023. MEDLINE/Pubmed databases were used ini-
tially, and additional relevant studies were searched from references. Shift work was defined as any schedule outside 
traditional shifts, including the night shift. Results: Fifteen pertinent papers were categorized into risk assessment 
or risk management. Findings demonstrated an increased risk of CAD among SWs compared to non-SWs, with an 
increased CAD risk observed for both shift work and night shift work. Discussion: Duration-response associations 
indicate that greater shift exposure is linked to higher CAD risk. SWs incur an increased risk of CAD through the 
atherosclerotic process. As shift work duration increases as the risk of atherosclerosis is higher, workers demonstrate a 
higher prevalence and severity of coronary artery plaques. Conclusions: The evidence-based results underscore the 
increased risk of CAD in SWs and are sufficient for proposing guidelines aimed at reducing the risk of CAD in SWs 
and at managing people with CAD in return to work characterized by disrupted circadian rhythms.

1. IntroductIon

Preventing coronary artery disease (CAD) among 
shift-workers (SWs) presents a significant global 
challenge for both workers and enterprises world-
wide. CAD, a condition where the heart’s arteries 
fail to deliver sufficient oxygen-rich blood, remains 
a leading cause of disability [1, 2]. To date, CAD 
persists as a major cause of mortality, responsible for 
one-third of all deaths in individuals aged ≥ 35, with 

a global prevalence ranging from 5% to 8% [3, 4].  
Low- and middle-income countries bear a dis-
proportionately higher burden of CAD, recording 
7 million deaths and 129 million disability-adjusted 
life years annually. In the United States, CAD af-
fects 16.8 million individuals, resulting in nearly  
8 million cases of myocardial infarction (MI) [5, 6].

The World Health Organization (WHO) esti-
mated that CAD will remain one of the top three 
causes of death worldwide, with nearly 9.3 million 
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deaths annually in 2030 [7]. Moreover, the economic 
impact of CAD is significant, with CAD-associated 
financial burdens in the U.S. amounting to $188 bil-
lion in 2015 and projected to exceed $366 billion by 
2035 [8].

A growing body of literature has revealed a rela-
tionship between shift work and the disruption of 
circadian rhythms and alerting cycles, resulting in 
an increased risk of cardiovascular diseases, includ-
ing CAD [9-11].

In the past, a prospective cohort study among 
Japanese workers indicated that rotating SWs had a 
higher risk of death due to CAD compared to day-
time workers [12], aligning with the findings of a 
British cohort study associating nighttime and early 
morning work with adverse CAD risk profiles at-
tributable to socio-economic and occupational fac-
tors [13]. Moreover, in a systematic review, Bøggild 
& Knutsson [14] found that SWs had a 40% in-
crease in the risk of cardiovascular diseases, includ-
ing CAD, and suggested analyzing the risk factors 
for such diseases, given that the risk is probably mul-
tifactorial. Still, the literature was mainly focused on 
the behavior of SWs and neglected other possible 
causal connections.

Nevertheless, to date, the pathogenic mechanism 
between shift work and CAD is unclear. However, 
circadian rhythm disruption (through changes in 
the sleep/wake cycle) is known to be associated with 
an increase in psychosocial stress, a change in eating 
habits (i.e., eating an overly rich diet at night), and 
the autonomic nervous system unbalance [15, 16]. In 
particular, the role of autonomic cardiovascular con-
trol in promoting CAD in SWs is complex and only 
partially understood. Previously, Furlan et al. [17] 
first described the circadian changes in cardiac au-
tonomic control in shift workers and suggested that 
the mismatch between the endogenous circadian 
rhythms and the continuous changes in the time 
of work and sleep may increase the risk of cardiac 
diseases. Thus, increasing evidence shows that shift 
working patterns might be associated with chronic 
circadian misalignment, resulting in a decrease in 
leptin and an increase in glucose and insulin. Due to 
these changes, individuals may experience increased 
body weight, high blood glucose, impaired glyco-
genesis, and an increased risk of CAD [18-27].

Interestingly, in a prospective cohort study of re-
tired workers, Li et al. [28] found an association be-
tween the duration of past shift work and increased 
risk of incident CAD, particularly among service 
or sales workers compared to workers in other job 
categories. Moreover, being physically active after 
retirement proved protective in lowering the ex-
cess CAD risk associated with past shift work. In 
such study, incident CAD events were defined as 
the first occurrence of fatal or nonfatal coronary 
events as described by the International Classifica-
tion of Diseases, Tenth Revision, codes I20– I25 
[29], following the recommended guidelines for 
observational research from the American Heart 
Association [30]. Although several studies in the 
past proved associations between shift work and 
CAD, many of such studies suffer from selection 
bias, which raises the need to study the association 
between shift work and CAD and to upgrade the 
understanding of this issue [11]. Moreover, in a re-
cent editorial, Harma et al. [31] highlighted that 
many studies focusing on SWs have quality prob-
lems as they suffer from the “healthy shift worker 
effect” and, therefore, may not sufficiently add to 
the knowledge.

Given the current concern with the impact of 
shift work on workers’ health, with increased risk 
of CAD, a summary of new evidence may help to 
accelerate or stimulate policymakers to enact guide-
lines for preventing and screening CAD in SWs. 
Indeed, shift work is a modifiable risk factor that 
seems to be associated with an increased risk of car-
diac diseases, including CAD, as reported by sev-
eral previous studies. The present systematic review 
aimed to search for new additional insights or new 
occupational interventions produced by the last 
10-year period to mitigate the risk of CAD among 
SWs.

For the purpose of this systematic review, shift 
work was defined as any work schedule outside tra-
ditional shifts, including night shift; CAD was de-
fined as ischemic heart disease (IHD)  according to 
the International Classification of Diseases, 10th re-
vision (ICD-10) codes I20–25, a condition in which 
there is an inadequate supply of blood and oxygen 
to the myocardium; it is sometimes called coronary 
heart disease [2, 29].
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2. MAterIAls And Methods

2.1. Search Strategy

We performed a systematic review of the litera-
ture starting from January 1, 2013, up to December 
31, 2023. Initially, MEDLINE/PubMed databases 
were used; afterward, the reference sections of the 
selected publications were scanned for relevant 
studies satisfying the adopted criteria. Selected key-
words were used to identify articles for this system-
atic review of literature.

The keywords as search MeSH were: “ischemic 
heart disease,” or “coronary heart disease,” “coronary 
artery disease,” or “myocardial infarction” and “shift 
work” or “rotating shift work” or “night shift work” 
or “irregular work schedule.”

We aimed to identify original research articles 
(i.e., non-reviews) using the above-mentioned key-
words with the following inclusion criteria: i) writ-
ten in  English; ii) published after December 31, 
2012 and before January 1, 2024; iii) human studies; 
and iv) full reports.

Eligibility criteria were established using the 
PICOS reporting system [32]:

 - Population: employees from 18 to 70 years 
old exposed to shift work.

 - Intervention: shift work is defined as any 
work schedule outside traditional shifts, in-
cluding the night shift.

 - Comparator(s): employees working on 
schedules without shifts.

 - Outcome(s): any evaluation of CAD risk in 
shift workers, with evaluations of occupa-
tional interventions aimed at mitigating the 
risk as a secondary outcome.

 - Study type: case-control studies, 
cross-sectional studies, retrospective and pro-
spective cohort studies, survey studies, case 
series, and case reports.

2.2. Formulating the Answerable Question

According to the PICO framework, the ques-
tion of the present study can be summarized as fol-
lows: do SWs face an increased risk for CAD than 
non-SWs?

2.3. Data Extraction

The screening of articles was carried out in two 
phases. In the first phase, articles were screened 
based on title and abstract. The abstracts of all the 
selected titles were sorted for more detailed infor-
mation. Two independent reviewers (G.d and G.C.) 
read the abstracts and categorized them as relevant, 
not relevant, and possibly relevant. In the second 
phase, the full-text articles were assessed for eligibil-
ity. Two reviewers (R.T. and P.P.) independently ap-
plied inclusion criteria to potentially eligible papers 
and both reviewers then independently extracted 
data from the original articles. Disagreements were 
discussed and resolved through a consensus session 
with a third-party researcher (GLT), and a consen-
sus was reached.

2.4. Quality Assessment

The Newcastle–Ottawa scale (NOS) was used 
to evaluate the quality of the studies [33]. This is 
a validated, easy-to-use scale of 8 items in three 
domains: selection, comparability, and exposure/
outcome for case-control or cohort studies, respec-
tively. Each item can be given one point, except 
comparability, which has the potential to score 
up to two points. Studies are rated from 0-9, with 
those studies rating 0-3 (poor quality), 4-6 (fair 
quality), and 7-9 (good/high quality). The NOS 
scale adapted for cross-sectional studies was used 
to assess the quality of cross-sectional studies; this 
scale was a modified version of the NOS scale, as 
also used by several other studies that have felt the 
need to adapt the NOS scale to assess the quality 
of cross-sectional studies appropriately. Through a 
search of the literature, we found that a NOS score 
of 7 or more can be considered a “good” study [34]. 
So, we used this criterion as a cut-off for good 
quality study.

2.5. Categorization of Selected Articles

Every full-text article that met the inclusion cri-
teria was reviewed and categorized into one or more 
categories based on its subject matter: risk assess-
ment and risk management. This systematic review 
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3.1. Best-Evidence Synthesis

The studies were considered good quality if the 
NOS score was 7 or more. All 14 studies focus-
ing on the risk assessment of CAD reach a good 
quality level. Eleven had a cohort design, two had 
a cross-sectional design, and one had a case-con-
trol design. The reported odds ratios (ORs), and 
hazard ratios (HRs) proved moderate evidence 
for a positive relationship between shift work and 
CAD; two studies found increased CAD mortal-
ity among workers exposed to shift work. The in-
terventional study targeted at risk management of 
CAD risk reached a level of good quality. It showed 
the  effectiveness of leisure-time physical activity 
in minimizing the risk of CAD in shift workers 
(Tables 1, 2).

4. dIscussIon

The 14 articles focusing on the risk assessment 
of CAD in shift-workers aimed to identify the re-
lationship between shift work and the occurrence 
of CAD. In all the reviewed papers, an increased 
risk of CAD was found among SWs compared to 
non-SWs after adjusting for covariates, consistent 
with a meta-analysis of Vyas et al. [23], which previ-
ously reported increases in CAD risk of 10%–30% 
for shift-work and 40% for night shift-work. More-
over, the findings of our search align with those of 
Torquati et al. [11], who found that shift work was 
associated with an increased risk of both CAD mor-
bidity and mortality. Interestingly, the cohort study 
by Jørgensen et al. conducted on the female nurses 
of the Danish nurse cohort showed an increased 
rate of CAD mortality (130%) related to night 
shift work [36]. Studies investigating gender differ-
ences in CAD confirmed the slightly higher risk in 
females than males for either night shifts or shift 
work in general. In particular, the longitudinal study 
by Eng et al. [37] found associations between males 
and females, with higher HRs for CAD observed 
in females (HR 1.25; 95% CI 1.17 to 1.34) than in 
males (HR 1.10; 95% CI 1.05 to 1.14). However, 
despite this evidence, the reviewed studies did not 
establish the pathway leading to such gender differ-
ences in CAD risk.

was reported in accordance with the PRISMA 
statement [35].

2.6. Search for Ongoing Clinical Trials

The Clinical Trials.gov website, the European 
Union Clinical Trials Register, the International 
Council for Harmonization Technical Require-
ments for Pharmaceuticals for Human Use ‐ Good 
Clinical Practice Clinical Trials Registry, the 
 Australian New Zealand Clinical Trial Registry, 
the Chinese Clinical Trial Registry, the Thai Clini-
cal Trials Registry, the International Clinical Trials 
Registry Platform (ICTRP), the Cochrane Central 
Register of Controlled Trials were consulted online 
on March 2023 using the selected keywords (last 
updated on January 31, 2024).

3. results

Our research of the literature database retrieved 
445 publications that matched our inclusion crite-
ria; 421 were removed because they were deemed 
irrelevant (i.e., non-research conference proceed-
ings or not concerning SWs). Therefore, 15 papers 
remained in the study (Figure 1). These 15 papers 
were then categorized according to their subject 
matter. Fourteen of the checked studies focused on 
“risk assessment,” and only one paper targeted the 
focus “risk management.” The characteristics, out-
comes, and main results of the checked studies are 
reported in Tables 1 and 2.

Figure 1. Flow-chart of included studies.

445 records iden�fied 
using the search strategy

421 records excluded based 
on �tle, abstract or study 

design

24 publica�ons suitable 
for review

9 publica�ons excluded due to 
not mee�ng stated inclusion 

criteria 

15 publica�ons suitable for 
review
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Table 2. Characteristics, outcomes and main results of the checked articles.
Reference Primary Outcome Methods Main results
Havakuk et al. 
(2018) (39)

To assess the prevalence and 
the degree of CAD among shift 
workers, as detected by cardiac 
computed tomography angiography, 
compared with non-shift workers

Cardiac 
computed 
tomography 
angiography

CAD was present in 74.2% of shift workers 
and 53.9% of non-shift workers (OR 2.38, 
CI 1.21-4.96, p = 0.01),  stenosis >50% was 
more prevalent in shift workers (20.2 vs. 11.2%, 
respectively; p = 0.006), and a coronary calcium 
score of zero was shown in 46.8% of shift 
workers and 63.4% non-shift workers (p = 0.034)

Barger et al. 
(2017)  (50)

To assess predictors of major 
coronary events

Questionnaire Patients working overnight shifts for at least 
1 year had a 15% increased risk of major coronary 
events (adj HR, 1.15; 95% CI, 1.03–1.29; 
P=0.01), a 12% increased risk of major adverse 
cardiovascular (adj HR, 1.12; 95% CI, 1.00–1.27; 
P=0.06) and a 21% increased risk of myocardial 
infarction (adj HR, 1.21; 95% CI, 1.04–1.39; 
P=0.01) than those who did not report working 
overnight shifts

Mamen et al. 
(2020)  (48)

To study if high-intensity physical 
activity could modify the risk of 
early manifestations of CVD in 
shift-workers

Questionnaire, 
examination, 
laboratory tests

Physical activity could counteract the increased 
risk for CADin shift-workers

Eng et al. 
(2022)  (37)

To examine associations between 
occupational exposure to noise, long 
working h, shift work, sedentary 
work and ischaemic hearth disease.

Survey Night shift work was associated with ischaemic 
hearth disease for males (HR 1.10; 95% CI 1.05 
to 1.14) and females (HR 1.25; 95% CI 1.17 to 
1.34).

Solymanzadeh 
et al. (2023) 
(51)

To determine the prediction of risk 
of CAD  based on the Framingham 
risk score (FRS) in association with 
shift work among nurses.

CAD risk 
assessment 
tools

Shift-work was associated with  high prevalence 
of CAD risk based on the FRS (p = 0.04).

Wang et al. 
(2021) (42)

To test whether current and past 
night shift work was associated 
with incident atrial fibrillation 
and whether this association was 
modified by genetic vulnerability. 
Its associations with coronary heart 
disease, stroke, and heart failure 
were measured as a secondary aim.

Questionnaire, 
consultation of 
UK Biobank

Usual/permanent current night shifts, ≥10 years 
and 3-8 nights/month of lifetime night shifts 
were significantly associated with a higher risk 
of incident CHD (HR 1.22, 95% CI 1.11-1.35, 
HR 1.37, 95% CI 1.20-1.58 and HR 1.35, 95% 
CI 1.18-1.55, respectively).

Carreòn et al. 
(2014) (52)

To assess association between shift 
work and coronary artery disease

Occupational 
database, 
questionnaire

Increased CAD mortality among workers 
exposed 90 days or more to both shift work and 
carbon disulfide (SMR 1.36, 95% CI: 1.03–1.76)

Kang et al. 
(2016) (40)

To investigate whether shift work is 
related to elevated risk of coronary 
artery disease

Cardiac 
computed 
tomography 
angiography

Shift work was associated with increased risk of  
CAD  (OR, 2.92; 95% CI 1.02 to 8.33)

Vetter et al. 
(2016) (45)

To determine whether rotating 
night shift work is associated with 
coronary artery disease risk

Self-
administered 
questionnaire

Longer duration of rotating night shift work was 
associated with an absolute increase in CAD risk.

(continued)
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Reference Primary Outcome Methods Main results
Jørgensen et al. 
(2017) (36)

To examine the association between 
shift work and all-cause mortality 
and mortality due to CVD, cancer, 
diabetes, neurodegenerative and 
psychiatric diseases

Consultation 
of the
Danish nurse 
cohort (DNC)

Association between shift work and CAD 
mortality among shift nurses working night 
shifts (HR 1.47, 95% CI 0.94–2.32)

Hermansson 
et al. (2018) 
(41)

To assess the risk for MI from 
an interaction between parental 
cardiovascular mortality or parental 
premature MI and shift work

Consultation 
of databases, 
questionnaire

Paternal mortality from MI or sudden cardiac 
death and shift work interact to increase the risk 
of MI in men (OR for both exposures was 2.88 
(95% CI 1.75‒4.57)

Wang et al. 
(2016) (53)

To assess ischaemic hearth disease 
risk/mortality

Consultation 
of data in the 
prospective 
Kuopio 
Ischemic Heart 
Disease Risk 
Factor Study 
cohort

Travelling work (at least 3 nights per week away 
from home) was strongly positively associated 
with acute myocardial infarction among men 
with ischaemic hearth disease (HR=2.45, 95% 
CI 1. 08 to 5.59) but not among men without 
(HR=0.93, 95% CI 0.43 to 2.00

Kader et al. 
(2022) (44)

To examine the effects of various 
aspects of night and shift work on 
the risk of incident ischemic heart 
disease and atrial fibrillation

Consultation of 
registry-based 
exposure data

The risk of CAD was increased among 
employees who the preceding year had 
permanent night shifts compared to those with 
permanent day work [hazard ratio (HR) 1.61, 
95% confidence interval (CI) 1.06–2.43] and 
among employees working night shifts >120 
times per year compared to those who never 
worked night (HR 1.53, 95% CI 1.05–2.21)

Ho et al. 
(2022) (38)

To assess the associations between 
shift work and incident and fatal 
CVD

Consultation of 
UK Biobank

Increased risk of CAD (HR 1.09, 95% CI 
1.03–1.15) and heart failure (HR 1.15, 95% CI 
1.03–1.28) in shift-workers compared to non 
shift-workers

Vestergaard 
JM et al. 
(2023) (47)

To examine exposure-response 
relations between quantitative night 
work characteristics and coronary 
heart disease

Consultation 
of exposure 
data and health 
information, 
including 
information 
from the 
Danish 
National 
Patient
Register

Incidence rate ratios for female and male night 
workers were 1.06 (95% CI: 0.97, 1.17) and 1.22 
(95% CI 1.07, 1.39). Highest risks were observed 
in top exposure categories for several night work 
characteristics. No consistent exposure-response 
relations by number of monthly night shifts, 
cumulative night shifts, years with rotating night 
shifts, years with any night shift and consecutive 
night shifts were observed among the night 
workers of either sex

Table 2. Characteristics, outcomes and main results of the checked articles. (continued)

Regarding the relationship between shift work 
and CAD, Eng et al. [37] hypothesized that night 
shifts disrupt the circadian rhythm, leading to dys-
regulation of sleep-wake cycles, body tempera-
ture, energy metabolism, cell cycle, and hormone 

production. Moreover, night shift work was found 
to have an indirect effect through stress-related fac-
tors such as adverse psychosocial working condi-
tions, disruption to work-life balance, insufficient 
time for recovery outside of work, and promotion of 
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compared to non-SWs. They hypothesized that if 
arteries of SWs are more affected by atherosclero-
sis, the atherosclerotic process may have damaged 
the intima of blood vessels, leading to an increased 
risk of rupture and thrombosis when the patient is 
fragile due to a previous MI. These findings con-
cur with those reported by Wang et al. [42], who 
proved that shift work among traveling employees 
was associated with acute MI in men with a pre-
vious diagnosis of CAD (HR=2.45, 95% CI 1.08 
to 5.59) but not in men without CAD (HR=0.93, 
95% CI 0.43 to 2.00). Moreover, the cohort study 
by Zhao et al. [43] revealed that SWs experienc-
ing acute myocardial infarction face a greater risk of 
worsened prognosis due to reperfusion injury com-
pared to daytime workers. This underscores the im-
portance of maintaining normal circadian rhythm 
in the primary prevention of cardiovascular condi-
tions and the clinical significance of work schedule 
acquisition in patients with MI for stratification and 
prognostic purposes.

Concerning the duration–response associa-
tions with shift work, the cohort study conducted 
by Kader et al. [44] demonstrated a higher risk of 
CAD in employees working night shifts more than 
120 times per year compared to those who never 
worked night (HR 1.53, 95% CI 1.05–2.21). Con-
sistent with this finding, Wang et al. [42] showed 
that usual/permanent current night shifts were asso-
ciated with a higher risk of CAD (HR 1.22, 95% CI 
1.11–1.35) and there were also associations between 
more than 10 years and 3–8 nights/month of night 
shift work exposure and the risk of CAD (HR 1.37, 
95% CI 1.20–1.58 and HR 1.35, 95% CI 1.18–1.55, 
respectively). These findings are in line with the US 
Nurses’ Health Study in which the risk of CAD in-
creased with longer duration of rotating shift-work 
[45]; particularly, after correction for confound-
ers, the authors observed elevated risk for 5 years 
or more of shift work (multivariable HR for 5-9 
years, 1.12 [95% CI, 1.02-1.22]; multivariable HR 
for ≥10 years, 1.18 [95% CI, 1.10-1.26]; P<0.001 
for trend). Previously, a meta-analysis conducted 
by Torquati et al. [11] proved a positive non-linear 
dose- response relationship that was significant after 
the first five years of shift work, with a 7.1% (95% CI 
1.05–1.10) incremental risk of CAD events for each 

unhealthy lifestyles, which could impact CAD risk. 
In line with these findings, Ho et al. [38], in a cohort 
study, demonstrated that current smoking, short 
sleep duration, poor sleep quality, adiposity, and 
higher glycated hemoglobin play a pivotal role in 
the mediation between shift work and CAD, repre-
senting the main potentially modifiable mediators. 
These findings led the authors to suggest the need 
for workplace interventions targeting such media-
tors to minimize shift workers’ CVD risk.

Interestingly, in the prospective trial conducted by 
Havakuk et al. [39], cardiac computed tomography 
angiography (CCTA) showed that in shift workers, 
coronary artery plaques were not only more preva-
lent and severe than in non-SWs but, in addition, 
the positive coronary calcium score (CCS), a meas-
ure of the presence of CAD, was also more prevalent 
in SWs. These findings were obtained in individu-
als with no differences for risk factors and were not 
influenced by the clinical status of the participants; 
nevertheless, in this historical cohort, single-center 
study, most of the clinical information were col-
lected by a telephonic questionnaire and potentially 
suffered from bias.

However, in line with these findings, the 
cross-sectional study of Kang et al. [40] demon-
strated that shift work was associated with increased 
risk of incurring high CCS compared with day work 
in three different stress models focused on psycho-
social, behavioral and physiological stressors that 
could explain the relationship between shift work 
and CAD: psychosocial-behavioral model [OR 
2.89 (95% CI 1.07 to 7.82)]; physiological model 
[OR 2.92 (95% CI 1.02 to 8.33)];  psychosocial-
behavioral and physiological model [OR 3.35 (95% 
CI 1.13 to 10.00)]. Additionally, the duration of 
shift work was positively associated with both the 
risk of atherosclerosis and the increased likelihood 
of developing high scores of CCS [OR 1.06 (95% 
CI 1.01 to 1.12)]. Studies by Havakuk et al. [39] 
and Kang et al. [40] revealed that shift workers face 
an increased risk of CAD due to the atherosclerotic 
process, with a higher risk of atherosclerosis associ-
ated with longer durations of shift work.

Consistent with these findings, Hermansson et al. 
[41], in a case-control study, reported an increased 
risk of short-term mortality after MI in SWs 
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hemoglobin (HbA1c), body mass and cholesterol 
(p < 0.05). These findings led the authors to sug-
gest promoting physical activity as a strategic way 
to minimize the impact of shift work on workers’ 
health and CAD risk. Nevertheless, Holtermann 
et al. [49], in the Copenhagen General Population 
Study, observed that higher leisure time physical 
activity was associated with reduced risk of major 
cardiac events and all-cause mortality. In contrast, 
higher occupational physical activity was associ-
ated with increased risks, independent of each other. 
These findings highlighted the independent associ-
ation of physical activity with the risk of major car-
diac events and all-cause mortality. They supported 
the physical activity paradox given the contrasting 
health effect of leisure time physical activity and oc-
cupational physical activity. 

4.1 Limitations

This study has some limitations. The limited num-
ber of manuscripts included in this study does not 
make it possible to draw strong conclusions; indeed 
the focus of the present review was limited to CAD 
and didn’t consider all the CVDs, therefore leading 
to select a small number of articles. The manuscripts 
included in this study suffer from differences in the 
criteria adopted for assessing CAD and the analysis 
of confounders. Two of the fifteen included stud-
ies were cross-sectional. Consequently, the nature 
of these studies limited the assessment of tempo-
rality and could not establish a causal relationship 
between shift work and CAD. The quantification of 
risk exposure (duration and type of shift work) as a 
quantitative measure of the occupational risk fac-
tor is not well quantified and only by a few studies. 
Finally, our systematic review did not consider the 
presence of quantitative measures of risk exposure 
in the selection of manuscripts.

5. conclusIons

Data on CAD risk among SWs are lacking in the 
current literature, and international guidelines do not 
provide subpopulation measures to prevent CAD.

Although the findings of the present systematic 
review point in the same direction and highlight a 

subsequent 5-year exposure. Interestingly, a meta-
analysis performed by Cheng et al. [46] confirmed 
a dose-response relationship between the prolonged 
duration of shift work as a continuous variable and 
the risk of CAD (RR 1.009; 95% CI 1.006–1.012). 
Furthermore, the study revealed that each 1-year ex-
tension of shift work was associated with a 0.9% en-
hanced risk of CAD compared to daytime workers.

On the contrary, a recent prospective cohort 
study conducted by Vestergaard et al. [47] found 
that among employees working on average 1.8 night 
shifts per month, only females experienced an in-
creased risk of CAD compared to day workers (IRR 
1.22 [95% CI 1.07, 1.39]) while male shift-workers 
didn’t exhibit a higher risk compared to daytime 
workers (IRR 1.06 [95% CI: 0.97, 1.17]. However, 
no consistent exposure-response relations were ob-
served by number of monthly night shifts, cumu-
lative night shifts, years with rotating night shifts, 
years with any night shift, and consecutive night 
shifts among the SWs of either sex. Nevertheless, 
the authors emphasize that their study involved a 
population with low exposure to night work. There-
fore, they can not conclude that there is no increased 
risk of CAD in employees working night shifts.   

Regarding the relationship between paternal his-
tory of cardiovascular disease and CAD in shift 
workers, Hermansson et al. [41] found an interaction 
between paternal mortality from MI or sudden car-
diac death and shift work on the risk of MI in men. 
Indeed, forty percent of MIs that occurred in the 
studied population were attributed to this interac-
tion, demonstrating that paternal mortality from MI 
or sudden cardiac in shift workers led to a higher risk 
of MI than in daytime workers. Given this finding, 
the authors suggest investigating the medical history 
of paternal mortality from MI or sudden cardiac 
death when assessing susceptibility to CAD in SWs.

Only one study focused on interventions to mini-
mize the CAD risk among SWs. In this pre-post 
intervention study, Mamen et al. [48] demonstrated 
that improvement in physical activity focusing on 
cardiorespiratory health among rotating shift work-
ers in the industry can modify risk factors associated 
with CAD; in particular, SWs trained in healthy 
physical activity showed significant improvement 
of systolic and diastolic blood pressure, glycated 
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relationship between shift work and the occurrence 
of CAD, more studies are required to clarify better 
the role of different variables as confounders, me-
diators, or effect modifiers. Moreover, as most of the 
selected papers did not quantify exposure to shift 
work, future studies are needed to fill this major gap.

Several studies have proven modifiable factors 
at both the individual and organizational levels to 
be common confounders for exposure-outcome 
and mediator–outcome relationships. Nevertheless, 
to date, the data regarding management interven-
tions focused on the risk of CAD among SWs are 
lacking, and therefore, a special effort is required to 
detect strategic ways to minimize the likelihood of 
CAD occurrence in SWs. 

Evidence-based guidelines are required to pre-
vent and screen CAD in SWs. These guidelines 
should focus on understanding and addressing the 
increased risk of CAD associated with disrupted 
circadian rhythms and occupational factors.
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summary
Several antiblastic drugs (ADs) are classified as carcinogenic, mutagenic, and/or toxic for reproduction. Despite es-
tablished guidelines and safe handling technologies, ADs contamination of the work environments could occur in 
healthcare settings, leading to potential exposure of healthcare staff. This systematic review investigates the main 
techniques and practices for assessing ADs occupational exposure in healthcare settings. The reviewed studies unveil 
that workplace contamination by ADs appears to be a still-topical problem in healthcare settings. These issues are 
linked to difficulties in guaranteeing: (i) the adherence to standardized protocols when dealing with ADs, (ii) the ef-
fective use of personal protective equipment by operators involved in the administration or management of ADs, (iii) 
a comprehensive training of the healthcare personnel, and (iv) a thorough health surveillance of exposed workers. A 
“multi-parametric” approach emerges as a desirable strategy for exposure assessment. In parallel, exposure assessment 
should coincide with introducing novel technologies to minimize exposure (i.e., risk management). Assessment must 
consider various departments and health operators susceptible to ADs contamination, with a focus extended beyond 
worst-case scenarios, also considering activities like surface cleaning and logistical tasks related to ADs management. 
A comprehensive approach in ADs risk assessment enables the evaluation of distinct substance behaviors and subse-
quent exposure routes, affording a more holistic understanding of potential risks.

1. IntroductIon

Occupational chemical risk in hospitals is a grow-
ing concern: both acute and chronic exposures to 
different substances and compounds used in these 
environments may, in fact, occur. Among these, ex-
posure to formaldehyde, organic solvents, anesthetic 

gases, hazardous drugs (HDs), and antiblastic drugs 
(ADs) can have negative effects on the health of 
exposed workers [1, 2]. Based on the definitions 
provided by the American Society of Hospital Phar-
macists in 1990 and by the National Institute for 
Occupational Safety and Health (NIOSH) in 2004, 
it can be stated that HDs are the greatest chemical 
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hazard present in the healthcare field and one of the 
most dangerous chemical agents ever developed [3]. 
Among these hazardous agents, ADs (also known 
as cytotoxic drugs, antineoplastic drugs, anticancer 
drugs, or anticancer chemotherapy) are used to treat 
cancer [4, 5]. These drugs, depending on their mech-
anism of action, can be classified as carcinogenic, 
mutagenic, and/or reprotoxic [2, 4, 6, 7]; for this rea-
son, the occupational exposure of healthcare person-
nel to these substances should be carefully evaluated, 
as exposure to ADs could be associated with poten-
tial health risks among healthcare workers [8].

The effects of both long and short-term expo-
sure to ADs on healthcare workers are indeed well 
reported in the literature, ranging from nausea, 
vomiting, and diarrhea to eye and throat irritation, 
menstrual irregularities, skin reactions and skin 
rashes, hair loss, headache, and dizziness. ADs can 
also eventually lead to cancer, infertility, miscarriage, 
malformation, and genotoxicity [4, 9]. Exposure to 
ADs may occur mainly through skin absorption, 
followed by inhalation of drug aerosols and droplets, 
eye contact through a splash of liquids, ingestion, 
and sharps stick injury [5, 9].

In particular, occupational exposure to ADs (and 
related waste) can occur during various activities per-
formed by healthcare personnel, such as (i) prepa-
ration, (ii) administration, (iii) transportation, (iv) 
storing of drugs, in addition to their waste treatment, 
which includes (v) transporting and disposing of 
waste and (vi) cleaning up spills [4, 5]. Despite the 
numerous guidelines in place regarding the use and 
handling of ADs, and the adoption of safe handling 
technologies (e.g., isolators and closed systems), the 
environment of the anticancer drug circuit can remain 
contaminated [2]. For example, in their study, Forges 
and collaborators [9] report how the entire circuit of 
the drugs could be contaminated: this can include (i) 
external surfaces of vials, (ii) storage rooms, (iii) gloves 
of the pharmacy technicians or nurse during handling 
and administration of drugs, (iv) infusion bags, (v) 
carts of care and even (vi) the patients' rooms.

The International Agency for Research on Can-
cer (IARC) has currently listed several ADs and 
two combination therapies as having an associa-
tion with cancer in patients who are treated with 
them. In particular, eleven agents and two combined 

therapies have been classified as Group 1 (human 
carcinogens), twelve as Group 2A (probable human 
carcinogens), and eleven as Group 2B (possible hu-
man carcinogens) [10, 11]. It is also recognized how 
the use and administration of ADs are highly regu-
lated issues in many countries. The Food and Drug 
Administration (FDA) in the United States and the 
European Medicines Agency (EMA) in Europe 
regulate the approval, labeling, and monitoring of 
the adverse effects of ADs. In addition to the legis-
lation related to the use of ADs, it is important to 
evaluate the regulations related to the occupational 
exposure of workers who can be exposed to ADs. 
Several workers (e.g., oncologists, nurses, pharma-
cists, laboratory technicians, healthcare assistants, 
support staff, etc.) can be potentially exposed to 
these drugs during their jobs in hospitals, clinics, 
and pharmacies. In addition, cleaning and waste 
management personnel in healthcare facilities and 
workers in the pharmaceutical industry must also be 
considered to be potentially exposed [12].

For the reasons reported before, Professional 
Practice Organizations and Government Agen-
cies published guidelines and other documents to 
protect workers who may be occupationally ex-
posed during the (i) preparation, (ii) administration, 
(iii) cleaning of waste management of these drugs, 
(Table S1; supplementary materials). In particular, 
available guidelines generally respect the primary 
prevention measures and the hierarchy of control to 
mitigate workplace hazards throughout all their life 
cycle: referring to ADs that cannot be eliminated 
or substituted by another less toxic substance, expo-
sure controls should be systematically implemented 
in the following hierarchical order of efficacy: (i) 
engineering controls; (ii) administrative controls; 
(iii) work practice controls; (iv) use of personal pro-
tective equipment (PPE). An issue referring to the 
management of occupational risk of ADs is that no 
Occupational Exposure Limit Values (such as RELs 
(NIOSH Recommended Exposure Limits), PELs 
(OSHA Permissible Exposure Limits), TLVs® 
(ACGIH - American Conference of Governmen-
tal Industrial Hygienists - Threshold Limit Values) 
or OELVs (European Union Occupational Expo-
sure Limit Values) have been established for ADs 
in occupational and non-occupational fields [1, 2, 
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13]. Many manufacturers have internal occupational 
exposure limits, which are not generally available 
to regulatory agencies [12]. Therefore, only guid-
ance values have been independently determined 
in different Countries such as Germany [14], the 
Netherlands [15], and the USA [16]. Guidelines for 
preventing ADs occupational exposure in Italy were 
published in 1999 [17].

Even though good practices have been defined 
and could be adopted during the use and handling 
of antiblastic agents, several studies reported how 
healthcare personnel could be exposed to antiblas-
tic drugs: hospital staff handling ADs may indeed 
be exposed chronically to low doses of these drugs. 
Many studies have found the presence of these drugs 
in the urine of technicians, pharmacists, or nurses 
[18]. Available studies on exposure assessment are 
generally based on biological monitoring [18] and 
administering a questionnaire to workers (qualitative 
exposure assessment). In contrast, measuring ADs 
contamination (typically superficial contamination) 
for environmental exposure monitoring seems less 
common. Therefore, this study aims to investigate 
the main techniques and practices currently used for 
assessing exposure to ADs, highlighting the critical 
issues related to this topic. Since a comprehensive 
systematic review of biological monitoring data was 
recently published by Leso et al. [18], the present 
study is focused only on environmental monitoring 
and qualitative assessment techniques (i.e., adminis-
tering questionnaires to potentially exposed workers) 
for occupational exposure assessment to ADs. After 
(i) a general overview of the studies considered in 
this review (Paragraph 3.1), the main results are pre-
sented subdivided by investigation methodology: (ii) 
questionnaire (Paragraph 3.2) and (iii) environmen-
tal monitoring (Paragraph 3.3). For both, the details 
of the application of the experimental method and 
the critical issues that emerged from the investigated 
articles are presented.

2. methods

The results outcomes from three different da-
tabases (Scopus, Web of Science, and PubMed) 
are considered in this review. A list of keywords 
is arranged for each database in a search query, as 

reported in Table S2 (Supplementary materials): 835 
papers were found (747, 26, and 62 papers in Scopus 
Web of Science and PubMed, respectively). Dupli-
cates (n=66) were removed from the total number of 
papers. The articles have been, therefore, screened by 
(i) title (511 papers removed), (ii) abstract (143 pa-
pers removed), and (iii) publication year (36 papers 
removed). The remaining papers (full-text reading) 
are then selected following the inclusion and exclu-
sion criteria chosen a priori. In particular, only sci-
entific papers written in English are considered in 
this review, excluding conference papers and review 
articles. Further, articles are then selected based on 
consistency with the aims of this study. Thus, studies 
concerning occupational exposure to ADs published 
in 2010 that (a) performed environmental monitor-
ing, (b) reported a risk assessment section, and (c) 
reported a risk management section. Only the arti-
cles that meet the above-mentioned inclusion crite-
ria and aims of the review are examined. After that,  
48 papers are finally included in this review  
(Table   S3; Supplemental materials). Phases i-iii, 
as well as the screening process of article summa-
ries, are conducted separately (and double-checked) 
by different authors (FB, CZ, AZ, AS), to reduce 
operator-related errors. The papers to be reviewed 
were selected following the PRISMA (Preferred 
Reporting Items for Systematic reviews and Meta-
Analyses) criteria guidelines [19, 20]. A flowchart of 
the literature research and review process is reported 
in Figure 1.

3. results

3.1. General Description of the Considered 
Studies

The supplementary materials report a general 
description of the reviewed articles, focusing on 
the period (Table S4) and geographical distribu-
tion (Table S5) of the study and of the investigated 
structures (Table S6).

3.1.1. Exposure and Risk Assessment Methods

The methods used in the reviewed studies for oc-
cupational exposure to ADs and risk assessment are 
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variables that influence the cytotoxic consequences. 
The second group of methods is called “environ-
mental monitoring” studies, which include sampling 
procedures for assessing environmental contamina-
tion, especially on working surfaces and tools. On a 
database of 48 selected articles (Table 1), 26 (54%) 

divided into two groups. The first group is “ques-
tionnaire and survey”, which includes survey inves-
tigation methods intended to collect information 
about a group of workers under study and the sta-
tistical monitoring of consequences on health con-
ditions due to exposure to ADs and other external 

Figure 1. Flowchart of the literature research.
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workers involved in the studies are nurses (anyhow, 
several studies investigated more than one profes-
sional figure): in fact, the nursing staff typically man-
ages the ADs in each step of their administration to 
the patient, making this category of healthcare work-
ers a precious source of information both in relation 
to the medical skills that require exposure to ADs 
and about information of a demographic nature.

The second most abundant group of investigated 
workers in the reviewed studies (31%) is the one that 
included pharmacists and pharmacy technicians re-
sponsible for the preparation of drugs (Table 2). As 
regards the role of pharmacists, it is understandable 
that almost a third of the personnel involved in the 
studies investigated fall into this professional cat-
egory, given that the pharmaceutical department 
is the one most afflicted by environmental drug 
contamination.

3.1.3. Work Task

The results relating to the activities and pro-
cedures undertaken by the employees (Table 3) 
confirm those previously obtained about the pro-
fessional classification of the healthcare workers 
 (Table 2). The administration of medications, which 
includes dosage, intravenous injection, and patient 
care, comprehends more than half (54%) of the 
study activities described in the articles, closely fol-
lowed by the preparation of drugs (40%), which in-
cludes all the pharmaceutical procedures. The same 
study often assessed the exposure to ADs for more 
than one work task or procedure. Only a few studies 
consider other peculiar activities, such as cleaning 

show evidence of environmental monitoring study 
techniques. Of these, 23% of the studies also pro-
vide a questionnaire submitted to the workers in-
volved (strictly restricted to healthcare workers) and 
the working conditions. The remaining 11 articles 
(23%) are only on a questionnaire submitted to in-
volved workers, investigating risk perception among 
healthcare workers, knowledge of the guidelines by 
medical personnel, and compliance to guidelines 
while performing the daily job tasks (workers’ self-
assessment). Two of the questionnaire-based studies 
are dedicated to the use and knowledge of modern 
technologies for the management of risk posed by 
ADs in the medical field, which are Hyperther-
mic intraperitoneal chemotherapy and Pressurized 
 Intraperitoneal Aerosol Chemotherapy (PIPAC) 
[21, 22].

3.1.2. Investigated Population

In most (56%) of the reviewed studies (consider-
ing both environmental contamination monitoring 
studies and survey investigations), the healthcare 

Table 1. Number (and percentage of the total - 48 studies) 
of reviewed articles divided according to the adopted expo-
sure and risk assessment method.

Type of Study N (%) References
Measurement-based 26 (54%) [6, 8, 9, 15, 23-44]
Questionnaire-based 11 (23%) [3, 5, 22, 45-52]
Both 
measurement- and 
questionnaire-based

11 (23%) [13, 21, 53-61]

Table 2. The number (and percentage of the total 48 studies) of reviewed articles was divided according to the classification of 
healthcare workers in study groups. n.a.: information not available and/or details not further described in the  reviewed articles.

Medical Professionals and Healthcare 
Workers N (%) References
Nurses 27 (56%) [3, 5, 8, 9, 13, 21, 29-32, 39, 42,  44-48, 50-53, 55, 56, 58-61]
Pharmacy technicians (and/or pharmacists 
and/or employees involved in the 
preparation of drugs)

15 (31%) [3, 6, 13, 28, 29, 36, 39, 40, 43, 44, 46, 53, 58, 59, 61]

Other healthcare workers (e.g., medical 
staff (surgeons, doctors, anesthetists, etc.))

21 (44%) [3, 21, 22, 25, 29, 30, 32, 33, 35, 40-42, 45, 47-50, 54, 57-59]

n.a. 7 (15%) [15, 23, 24, 26, 34, 37, 38]
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indicator of workplace contamination. However, 
most of the reviewed studies do not rely on one 
drug acting as an indicator of contamination but 
rather consider different ADs, thus allowing to 
cover a greater number of case studies. The set of 
contamination indicator substances identified in 
the reviewed articles is narrowed down to 8 major 
known drugs, described below, among the hundreds 
of available ADs. IARC has taken steps to group 
and evaluate these medicines capable of inhibiting 
cell division and growth; some of these substances 
fall into Group 1 of  human carcinogens [2, 58]. 
The availability of various contamination indica-
tors allows the investigation of the different behav-
iors of substances and, consequently, the different 
ways of contamination to which medical person-
nel may be exposed [6].  After CP, the other most 
common ADs considered in the reviewed studies 
are: (i) 5-fluorouracil  (Formula: C4H3FN2O2; CAS 
Number: 51-21-8) (35% of the reviewed studies); 

surfaces and medical tools and logistic activities 
(e.g., packing, storage, and transportation of drugs), 
taken into consideration in 10% and 17% of the 
studies, respectively. It is noteworthy that personnel 
assigned to these tasks have not been consulted or 
questioned. This could be due, on the one hand, to 
the fact that some categories of potentially exposed 
workers (for example, cleaning workers) were not 
included in the studies, but on the other hand, that 
cleaning and logistical activities could be delegated 
to medical staff (increasing their probable routes of 
exposure).

3.1.4. Antiblastic Drugs

Most studies provide an extended knowl-
edge about the evaluated hazardous compounds 
(Table 4). Cyclophosphamide (CP; Formula: 
C7H15Cl2N2O2P; CAS Number: 50-18-0), is 
used in most of the reviewed studies (52%) as an 

Table 3. Number (and percentage of the total - 48 studies) of reviewed articles, divided according to the classification of the 
assessed work tasks. n.a.: information not available and/or details not further described in the reviewed articles.

Work Tasks N (%) References
ADs administration 26 (54%) [13, 21, 27-31, 33, 35, 38, 40, 41, 43-49, 51, 53-56, 58, 59]
ADs preparation 19 (40%) [13, 23, 24, 28, 29, 31, 35-37, 39-44, 49, 53, 58, 59]
Cleaning  5 (10%) [23, 33, 48, 59, 60]
Other activities  9 (17%) [8, 15, 22, 23, 25-27, 59, 61]
n.a.  9 (17%) [3, 5, 6, 9, 32, 34, 50, 52, 57]

Table 4. Number (and percentage of the total - 48 studies) of reviewed articles, divided according the antiblastic drugs ana-
lyzed in studies under review. n.a.: information not available and/or details not further described in the reviewed articles.

Antiblastic Drugs N (%) References
Cyclophosphamide 24 (50%) [6, 9, 13, 15, 23, 24, 26-30, 33, 34, 37-39, 41-44, 53, 54, 56, 57]
Ifosfamide 11 (23%) [6, 9, 13, 15, 26, 34, 37, 39, 53, 54, 57]
5-flourouracil 17 (35%) [6, 15, 24, 30, 35, 37, 38, 40, 42-44, 53-55, 57-59]
Methotrexate 5 (10%) [15, 28, 40, 54, 57]
Cytarbine 3 (6%) [25, 53, 59]
Paclitaxel 8 (17%) [6, 9, 25, 43, 44, 53, 54, 57]
Platinum 3 (6%) [21, 30, 54]
Gemcitabine 7 (15%) [6, 13, 25, 38, 40, 54, 58]
Other 19 (40%) [3, 6, 8, 9, 13, 15, 21, 22, 24, 26, 32, 35, 36, 40, 46-48, 51, 54]
n.a. 8 (17%) [5, 31, 45, 49, 50, 52, 60, 61]
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the results on occupational risk rates and/or the 
employees’ exposure to ADs. Each study’s average 
number of involved subjects (described as “medical 
professionals”) is 266, calculated based on various 
cases. Ranking the articles based on participation, 
i.e., the number of subjects involved in the reviewed 
studies, 5 classes of numerousness can be defined. 
Only 5 % of the reviewed studies involved (i) over 
1000 subjects or (ii) from 500 to 1000 subjects.

Most of the reviewed studies (35%) involved be-
tween 100 and 500 interviewed healthcare work-
ers, followed on an equal footing by survey groups 
formed by (iii) 50 to 100 (20%) and (iv) 10 to 50 
workers (20%). For what concern the contents of the 
questionnaires (Table 5), 6 out of 20 articles do not 
provide specific information about cytotoxic vari-
ables and/or previous health conditions capable of 
influencing – and further increasing – the probabil-
ity of contracting tumors and/or other health prob-
lems; 4 of these studies are focused on the specific 
training of personnel in the administration of Ads.

In their article, Asefa and collaborators [5] illustrate 
a questionnaire-based study on three major sectors: 
demographic characterization of involved subjects, 
knowledge and practice on safe handling of drugs, and 
use of personal protective equipment. Further, 2 out 
of 6 articles [22,45] are survey-based studies revolv-
ing around the practice of HIPEC procedures (as in, 
the administration of a hyperthermic solution with a 
high concentration of chemotherapy directly into the 
peritoneal cavity); questions about the training and 
knowledge of specialized personnel and the availabil-
ity of PPE. One of these also takes into consideration 
the PIPAC therapy, as in a locoregional therapy for 
peritoneal carcinomatosis. Another study [57] mainly 
focuses on the compliance of healthcare personnel to 
the correct use of PPE. The other three studies inves-
tigate risk perception and management after imple-
menting control programs for ADs. Of the remaining 
14 articles, six do not detect, among the study groups, 
any relevant variables known to have cytotoxic con-
sequences on the exposed subjects. These mentioned 
variables concern the exposure to first- and second-
hand smoke, to radiations (specifically, those common 
in the healthcare environment, such as ultraviolet and 
X radiation), the consumption of alcohol and other 
drugs, and previous health conditions.

(ii) Ifosfamide (Formula: C7H15Cl2N2O2P; CAS 
number: 377873-2) (23%); (iii) Paclitaxel  (Formula: 
C47H51NO14; CAS Number: 33069-62-4) (17%); 
(iv) Gemcitabine (Formula: C9H11F2N3O4; CAS 
Number: 95058-81-4) (15%); (v) Methotrexate 
(Formula: C20H22N8O5; CAS Number: 59-05-2)  
(10%); (vi) Cytarabine  (Formula: C9H13N3O5; 
CAS Number: 147-94-4) (6%). A small percent-
age of the reviewed studies (6%) use platinum as 
an indicator of the presence of ADs, as this ele-
ment is present in the molecular structure of cispl-
atin (cis- diamminedichloroplatinum (II); Formula: 
Pt(NH3)2Cl2; CAS Number 15663-27-1). Finally, a 
limited percentage of articles (17%) do not provide 
detailed information regarding the specific ADs 
considered indicators of environmental contamina-
tion. Still, it is understandable to classify these arti-
cles as descriptive of statistical surveys focused on 
training, occupational risk, and demographic infor-
mation relating to healthcare personnel. Therefore, 
they are not oriented toward surface measurements 
and sampling (Table 4).

3.2. Questionnaire-Based Risk Assessment

As previously stated, 22 (46%) of the reviewed 
studies (Table 1) rely on questionnaire-based meth-
ods of investigation for what concerns both cytotoxic 
and non-cytotoxic variables that may influence the 
evaluation of occupational risk rates among health-
care workers. 9 out of these 22 articles add the sur-
vey investigation to the antiblastic drugs-detection 
campaign, considering, therefore, the questionnaire 
complementary to the study of contamination in the 
working environment. The entirety of the articles 
carries enough information to classify them into four 
non-mutually excludable categories: (i) interview or 
oral examination (5%); (ii) survey (50%); (iii) stand-
ardized questionnaire or demographic study (45%); 
(iv) other (such as daily diaries kept by the employ-
ees, or other forms of questionnaire, 15%) (Table 1). 
Often, when the questionnaire plays an additional 
role in the measurement study design, this investi-
gative method is focused more on the demographic 
aspects of the study groups (e.g., age, sex, nature of 
occupation, work experience, years of service, job, 
etc.) rather than the elements which may affect 
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3.2.2. Overall Comment and Critical Issues

The analysis of the information summarized in 
the questionnaires provides an overview of some 
critical issues concerning the correlation between 
guidelines and/or training provided to staff and 
widespread contamination in hospital working envi-
ronments. Of the 20 articles, 9 do not give evidence 
of the supply and use by personnel of PPE [5, 21, 
22, 39, 49, 50, 55, 58, 59], and 4 of these [21, 55, 58, 
59] describe the evidence of widespread contamina-
tion in the workplace due precisely to the lack of 
training and the incorrect or non-existent use of 
PPE. Of the 4 studies that highlight a widespread 
problem of surface contamination, 2 of these [21, 
58] delve into the question relating to the lack of 
guidelines and/or specific training of medical per-
sonnel: the administration of drugs in oncological 
departments appears to be the area where it occurs 
most risky contact with medicines, reaching situ-
ations of exposure by dermal contact, by hand-to-
mouth contact or inhalation of vapors. A particular 
case [56], however, provides evidence of how, while 
implementing incentive programs for the use of 
PPE and adopting international guidelines for the 
management of occupational risk provided by the 
American Society of Health-System Pharmacists 

Among the 8 studies focused on exposure to cy-
totoxic risks, it is consistent that the element that 
most contributes to the increase in the probability of 
cytotoxic and carcinogenic risk in the medical field 
is radiation, used as a diagnostic tool. It is also in-
teresting to note how the previous health conditions 
of the workers have equal weight to the exposure 
to tobacco smoke (25% of studies confirm both the 
presence of smokers among the subjects and pre-
vious pathologies among those same groups); this 
confirms the influence of external and subjective 
factors in the development of pathologies – in this 
case, linked to exposure to Ads – and the incidence 
of active and passive smoking on health conditions.

Regarding the information on the training of 
employees and their knowledge and use of PPE, 
most questionnaire-based studies (55%) deemed 
it necessary to explore this aspect of the medical 
profession. One of these studies not only relies on 
a questionnaire but also explores in depth the han-
dling practices and events related to the manner of 
use of Ads and the specific use of PPE during the 
preparation and administration of drugs through a 
6-week diary per subject [53]. This led to a detailed 
study description, a defined stratification of the per-
sonnel involved, and a deep knowledge of the tech-
niques, guidelines, and materials used.

Table 5. Number (and percentage of the total- 20 studies) of reviewed articles, divided according to the characteristics of 
questionnaires. PPE: Personal Protective Equipment.

Descriptive table of questionnaires N (%) References
Type of questionnaire
Interview (oral examination of subjects) 1 (5%) [48]
Survey and/or study population 10 (50%) [22, 45, 46, 50-54, 56, 57]
Standardized questionnaire on general information 9 (45%) [3, 5, 45, 47, 53, 55, 56, 58, 59]
Other 3 (15%) [48, 53, 58, 60, 61]
Information on variables known to influence cytotoxic risk
Smoking and/or second-hand smoke exposure 5 (25%) [53, 55, 56, 58, 59]
Alcohol and drug consumption 3 (15%) [55, 56, 59]
Exposure to radiation and chemical 6 (30%) [47, 51, 53, 55, 56, 58]
Previous health conditions and medical history 5 (25%) [53, 55, 56, 59]
Information on training and/or use of PPE
Information on training and/or use of PPE provided in the study 11 (55%) [3, 45-48, 51-54, 56, 57, 60, 61]
Information on training and/or use of PPE not provided in the study 9 (45%) [5, 21, 22, 39, 49, 50, 55, 58, 59]
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within the considered sources, even if previous pub-
lications face the issue of contamination by cyto-
toxic drugs, focusing their method on the biological 
tracking and monitoring of drugs through the occu-
pational process of preparation and administration 
of said drugs. The undeniable impact on subjects 
exposed to ADs is highlighted in numerous pre-
vious studies. Indeed, several studies demonstrate 
that remarkable portions of healthcare workers may 
have traces of these substances or their metabolites 
in biological fluids [18]. The biological monitoring 
helped to show the correlation between the detected 
presence of drugs in bodily fluids of medical work-
ers (such as urine and blood) and relevant conse-
quences on health conditions, commonly related to 
skin rashes, chromosomal aberrations, and, in female 
subjects, to infertility and miscarriage [9].

3.3.1. Sampling Techniques

Overall, analyzing the methods for the study of 
spread contamination, the reviewed studies can be 
sorted into three main categories: (i) those based 
on surface wipe sampling techniques, (ii) those 
that rely on dermal and pad samples, and (iii) those 
based on air sampling methods (comprehensive of 
personal samples) (Table 6). Around 64% of the 37 
articles report using wipe sampling techniques to 
detect workplace contamination. For most of these 
studies, information on the numerical quantity of 
the samplings is provided. The process is useful and 
inexpensive; the required materials and samples-
analysis-technologies are easily accessible and imply 
the possibility of numerous specimens to track the 
contamination pattern. It is a direct consequence 
that the greatest amount of information regarding 
materials and analysis techniques was available for 
studies based on environmental sampling of sur-
faces. The reviewed articles have provided detailed 
data regarding the number of samplings conducted 
through surface sampling: most wipe-samples-
based studies (around 37%) collected between 100 
and 500 samples, 17% of the studies collected be-
tween 10 to 50 samples, 10% collected between 50 
and 10, and between 1 and 10 samples. Few studies 
have sampled between 500 and 1000 surfaces (3%) 
and more than 1000 surfaces (3%).

(ASHP), the NIOSH and the US OSHA (Occu-
pational Safety and Health Administration), there 
remains a detectable residual genotoxic risk; there-
fore, there is a definable probability of contracting 
tumors following exposure to this family of drugs.

The lack of a staff training and education program 
on the risks of managing ADs is also reflected in the 
recurrence of cases of occupational accidents, such 
as accidental drug spills and injections. It should be 
noted that health surveillance must be arranged for 
workers exposed to ADs for whom the risk assess-
ment results reveal a risk to health (and the health 
surveillance program should be specific to the type 
of exposure defined based on the risk assessment 
results).

Generally speaking, health surveillance can in-
clude detecting early and reversible signs of oc-
cupational diseases and contribute to promoting a 
safe and healthy working environment. To this end, 
it may be useful to collect as much relevant infor-
mation as necessary for this purpose [2]. Anyhow, 
specific medical surveillance for personnel involved 
in managing and administering antiblastic agents is 
completely lacking (or, rather, is not documented) 
in the reviewed studies. Even when included, em-
ployee health monitoring programs appear to be 
insufficient.

3.3. Environmental Monitoring of Exposure 
to ADs

As said, environmental monitoring of contamina-
tion from ADs is one of the policies recommended 
by the authorities, especially in the European con-
text. European Policy Recommendations underline 
the importance of defining procedures for detecting 
workplace AD contamination to identify the ve-
hicles and routes of exposure and improve the ef-
ficiency of prevention and protection of the medical 
personnel [2]. As previously stated, 37 (77%) studies 
considered in this systematic review are based on the 
sampling of surfaces to determine the environmen-
tal contamination by ADs drugs in a hospital setting 
(Table 5). The sampling techniques adopted in the 
reviewed articles pertain exclusively to environmen-
tal sampling methods; therefore, biological sampling 
methods will be excluded, although sometimes cited 
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A more relevant percentage (16%) of the 37 articles  
evaluated dermal exposure and/or pad samples. This 
method implies the evaluation of contamination 
directly on subjects whose skin has been poten-
tially exposed to ADs. Only half of them provide 
precise information about the collected quantity of 
samples. [53]

Only 1 out of the considered publications [53] 
describe a study based on air and personal sample 
techniques. The study was focused on evaluating 
the antiblastic drug exposure of healthcare work-
ers at 3 university-based US cancer centers, which 
proved to be one of the most complete and thor-
ough studies among those considered in this review. 

Table 6. Number (and percentage of the total - 37 studies) of reviewed articles, divided according to the character-
istics of measurement techniques. n.a.: information not available and/or details not further described in the reviewed 
articles.

Descriptive table of measurements and sampling N (%) References
Type of samples
Surface Wipe Sample 24 (65%) [13, 15, 24, 26, 28, 29, 33-35, 37, 38, 40-44, 53-59, 61]
Air and/or Personal Sample 1 (3%) [53]
Dermal and/or Pads Samples 6 (16%) [28, 36, 56-59]
Other 2 (5%) [25, 31]
Support used for Surface Wipe Samples (in 24 studies in which Surface Wipe Sampling was perfomed)
Kleenex 1 (4%) [13]
Gauze 2 (8%) [44, 55]
Nonwoven 9 (38%) [24, 26, 28, 37, 38, 42, 43, 53, 59]
Other 1 (4%) [31]
n.a. 12 (50%) [15, 29, 33-35, 40, 41, 54, 56-58, 61]
Sampling areas (in 37 studies in which environmental sampling was performed)
Biological Safety Cabinets 9 (24%) [13, 29, 35, 37, 41, 42, 44, 53, 57]
Surfaces in working areas and floors 18 (49%) [13, 15, 24, 29, 34, 35, 38, 40, 41, 43, 44, 53-57, 59, 61]
Medical tools and/or clothes/fabrics 12 (32%) [24, 26, 28, 31, 32, 36, 38, 55-59]
Everyday activities-related surfaces and commonly 
used objects

7 (19%) [32, 34, 41-44, 55]

n.a. 4 (11%) [8, 25, 33, 60]
Analytical procedures (in 37 studies in which environmental sampling was performed)
HPLC-MS/MS 11 (30%) [6, 9, 13, 23, 28, 29, 34 39, 40, 53, 54]
HPLC-MS 2 (5%) [24, 26]
HPLC-UV-Vis 3 (8%) [37, 58, 59]
HPLC-DAD 4 (11%) [25, 43, 44, 55]
UPLC-MS/MS 1 (3%) [35]
GC-MS 4 (11%) [15, 41, 42, 54 ]
GC-MS/MS 4 (11%) [30, 37, 38 56]
Voltammetry 2 (5%) [30, 54]
Other (semi-quantitative method for tracing (UV) 
and for exposure assessment (modeling))

3 (8%) [27, 31, 36]

n.a. 4 (11%) [8, 57, 60, 61 ]
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collaborators [29], the stages for the sampling activi-
ties can be divided into areas to recognize the most 
common areas of evaluation of contamination rates: 
(i) the delivery of ADs through the logistic depart-
ment, (ii) the drug preparation in the specific iso-
lated room in the pharmacy department equipped 
with biological safety cabinets (BSCs), (iii) the 
transportation within the wards and through differ-
ent hospital environments, (iv) the administration of 
drug within the patient care units and (v) the waste 
disposal (which represent a further biological risk of 
contamination and a route for occupational expo-
sure). Particularly, since BSCs are a recurring risk 
management measure, it is worth noting that 24% 
of the studies report having practiced samplings 
of BSC surfaces. BSCs prove to be a useful tool to 
remedy the widespread contamination; in the results 
subsequently discussed, it will be seen how a high 
environmental contamination is present only in 2 of 
the studies in which samplings were conducted on 
the surfaces of the BSCs. Some “Everyday objects” 
(such as phones, computer devices, handles and 
handlebars, and other objects shared by the medical 
personnel) involved in the medical facilities follow 
as a recurrent group (19% of the studies) of items 
considered among the detected surfaces. It is inter-
esting to observe how these generic tools – in the 
narrow sense unrelated to the healthcare activities 
of administering antiblastic drugs – are included 
in the studies almost with the same frequency as 
BSCs, a specific medical device thought to prevent 
biohazard.

3.3.4. Analytical Procedures for Analysis 
of ADs Samples

The analysis of the ADs samples (collected with 
the previously described methods) can be conducted 
with different analytical procedures (Table 6). Mass 
spectrometry (single or tandem) is the most widely 
used analytical technique (38% of studies are known 
to use this technology). Of the considered studies, 
9 out of the 14 use mass spectrometry reports to 
couple this technique with liquid chromatography. 
Further, 7 of the 14 considered studies couple mass 
spectrometry with gas chromatography. Alterna-
tively, methods based on ultraviolet radiation or  

3.3.2. Methods and Techniques of Surface Wipe 
Sampling of ADs

Delving into the surface wipe sampling materi-
als and techniques (Table 6), 38% of the surface- 
sampling-based studies rely on nonwoven fabric. 
Diverse types of papers and pads are quoted in 
the articles, showing how similar materials may be 
used under different circumstances and how the 
macro-category of non-fabric-based samples may 
be divided into different methods and materials 
of analysis. Among these studies, it is interesting 
to highlight examples of nonwoven tissues, such 
as Whatman paper wetted with sterilized water – 
made by acid-hardened cellulose filters – exploited 
in two French studies (suggesting it may be a tech-
nique mostly popular in Europe), Kimtech and 
Kimwipe tissue – laboratory paper towels, the first 
wetted with ethyl-acetate (C4H8O2) – useful for 
their high absorbency and chemical passivity to per-
form delicate tasks of sampling, and glass fiber filter 
papers, wetted with water, known to be used in one 
of the considered studies. Two of the 30 (8%) stud-
ies conducted in Portugal present a method based 
on using gauze to sample surfaces. However, tissue 
fiber (gauze) quickly dries the biological substance. 
Therefore, it is necessary to ensure the material is 
sufficiently moistened with ethyl-acetate.

3.3.3. Sampling Areas

Knowing most articles propose a surface sam-
pling technique, the collection of information re-
lated on sampling positions is, in the present review, 
specifically focused on working surfaces and medi-
cal tools (Table 6). Indeed, surfaces in working ar-
eas, such as worktops, tables, trails, preparation, and 
drug administration surfaces, are included in 49% 
of the studies. In comparison, medical tools and/
or clothes and fabrics available for medical person-
nel closely follow with a percentage of 32%. These 
sampling areas are distributed within the hospital 
environments involved in the preparation and ad-
ministration of chemotherapy drugs and the patient 
care units, where the drugs are administered to pa-
tients via injection or other specific chemotherapy 
administration techniques. As reported by Hon and 
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worker than in preventing the spread of ADs in 
the workplace), and the significant decrease in the 
concentration of contaminating substances in the 
environment. Concerning the problem of accidental 
contamination events, it can be stated that a small 
proportion (approximately 17%) of studies deal-
ing with environmental monitoring report the oc-
currence of occupational accidents related to drug 
administration [3, 13, 23, 30, 34, 41, 42, 44-49, 52, 
53, 60]. In most cases, these are spills that occurred 
during the preparation of the equipment for admin-
istering the drug to the patient: connection between 
tubes, syringes, and infusion lines, or contact with 
previously opened vials and/or vials damaged during 
transport of the material between hospital wards. It 
is logically difficult to predict the probability of the 
occurrence of accidental events of this type. Still, 
it is possible that the recurrence of these events 
could be limited by defining effective and efficient 
work procedures and operator training. Certainly, 
the degree of risk to which the healthcare worker 
is exposed increases significantly in the absence of 
personal protective equipment, especially when the 
professional accident involves dermal contact or ac-
cidental injection following the handling of syringes 
and infusion systems. Two studies [31, 38] can be 
particularly significant regarding workplace con-
tamination's impact on healthcare workers' health 
conditions and the importance of making expensive 
technologies for prevention and protection from 
exposure to cytotoxic drugs available to hospital 
facilities and cancer treatment centers. The first of 
these two studies [31] effectively highlights how a 
closed-system drug transfer device can contribute to 
a significant containment of the diffusion of surface 
contamination. The second study [38] illustrates the 
advantage of using a cytotoxic safe infusion sys-
tem (CSIS, i.e., a disposable sterile infusion system, 
functioning through a single closed line system by 
the effect of gravity or exerted pressure) for drug 
preparation and administration. Its usefulness lies in 
the ability to eliminate the risk of aerosolization of 
ADs and to prevent the spreading of substances on 
surfaces following accidental events in the event of 
a leak. However, a limit to the dissemination of the 
application of this technology is its rather expensive 

X-rays are relatively frequent. One article also pro-
vided specific indications regarding the software 
used to support analytical techniques specifically 
created for biomedical research (MedCalc)  [31]. 
 Focusing on wipe test sampling analytical tech-
niques (mostly used sampling technique) used in 
studies of this type, this work does not provide fur-
ther information regarding these techniques, as they 
are reported in a recent review of the literature fo-
cused precisely on this topic [62].

3.3.5. Overall Comment and Critical Issues

Contamination of the workplace by ADs could 
be related to incorrect practices and/or a lack of 
risk management measurements in the investi-
gated workplaces [23, 37, 52, 59]. Nevertheless, it 
should be noted that environmental contamination 
is also significantly reduced in the presence of cor-
rect training and protection of personnel. Only a 
few studies report relevant workplace contamina-
tion by ADs [6, 23, 25, 33, 40, 41]. Further, some 
of the reviewed studies, characterized by a critical 
issue of a general nature about the hospital structure 
and the healthcare workers involved, focus the at-
tention on the economic impact of risk prevention 
devices, on the need to make drug monitoring and 
tracing programs more efficient, on the guidelines to 
be implemented to reduce exposure and recurrence 
of accidental events [13, 23, 31, 42, 43, 45, 48, 51, 52, 
58, 59]. It is worth noting that for more than half 
of the reviewed articles, it was not possible to ob-
tain information regarding the availability and/or of 
correct use personal protective equipment by health 
professionals [3, 6, 8, 15, 22-26, 29, 32-34, 38, 40-
44, 49-53, 55, 57, 58, 61]. Only 11 studies reported 
the availability of training programs or guidelines 
and procedures for drugs management and use of 
protective devices [6, 13, 21, 23, 28, 31, 37, 39,42, 47, 
48, 51, 52, 56, 57, 59, 60].

Further, only a few of these studies report and 
describe the presence of a specific medical sur-
veillance protocol [13, 21, 23, 45-47]. A relevant 
link could be speculated between the adoption of 
clear and carefully imparted procedures and guide-
lines to personnel, the pertinent use of PPE (more 
useful and efficient in protecting the healthcare 
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to coherently evaluate all the possible exposure situ-
ations to ADs. For the same reason, activities con-
ducted by healthcare professionals, such as cleaning 
surfaces and medical instruments and logistic activ-
ities (e.g., packaging, storage, and ADs transport), 
should be better evaluated (and thus included in 
the monitoring protocols) in terms of their poten-
tial contribution to occupational exposure to ADs. 
In addition, it can be suggested to evaluate a wide 
range of ADs in different workplace environments, 
as (i) hospital facilities tend to manage a wide vari-
ety of AD depending on the chemotherapy treat-
ments envisaged and on the technologies available, 
and (ii) the availability of different contamination 
indicators allows to investigate the different behav-
ior of the substances and, consequently, the different 
route of contamination to which medical personnel 
can be exposed.

More specifically, administering questionnaires 
(also understood as interviews, oral examinations, 
surveys, standardized questionnaires, or demo-
graphic studies) commonly aim to investigate the 
worker's knowledge concerning safe managing 
ADs and using PPE. Specifically, some studies 
have focused on evaluating the correct applica-
tion of the procedures indicated for peculiar tools 
and technologies (e.g., HIPEC). In addition to 
this information (and to that of a descriptive/de-
mographic type and, although less frequent, on 
variables known to influence the cytotoxic risk on 
health), the tendency seems to be to investigate 
topics such as the operator's perception of the risk 
and its management. The results of some studies 
analyzed in this review show how an AD contami-
nation situation can often be correlated with the 
lack of standardized procedures, the incorrect use 
of PPE, and an incompletely satisfactory training 
of healthcare workers. The lack of a staff training 
and education program on AD management risks 
is also reflected in the recurrence of workplace ac-
cidents (e.g., accidental drug injections and spills). 
Further, another critical issue that emerged from 
the evaluation of the studies based on the admin-
istration of questionnaires is related to the lack 
of specific medical surveillance for the personnel 
involved in the management and administration 
of antiblastic agents, which in some cases would 

cost and the need of a specific training program for 
the use of this technology.

4. dIscussIon

This study investigates the main techniques and 
practices currently used to assess exposure to ADs. 
This review focuses, in particular, on the (i) admin-
istration of questionnaires to workers and (ii) the 
environmental sampling techniques for the assess-
ment of workplace contamination (especially on 
work surfaces) by ADs. As mentioned, this study 
did not evaluate biological monitoring, as it was 
considered in a recent systematic literature review 
[18]. From the studies considered in this work, how-
ever, it can be highlighted that only 19% of studies 
(Table 1) based their exposure assessments on both 
environmental sampling and the administration of 
questionnaires. These results indicate that a “multi-
parametric” approach still seems not to be con-
sidered in the majority of cases: for this reason, as 
mentioned, the authors recommend applying both 
types of evaluation to conduct an overall evaluation 
of exposure to ADs as complete as possible.

The following discussion can be drawn from the 
evaluation of the results reported in the 48 articles 
included in this review. In general, 23% of the con-
sidered studies were based solely on administering 
questionnaires to workers, while 58% focused only 
on environmental sampling. According to the au-
thors, using a questionnaire associated with envi-
ronmental sampling (and, in the best case, biological 
monitoring) could be the best solution for ADs ex-
posure evaluation and risk management. Therefore, 
its integrated use is recommended. Evaluation stud-
ies of this type should also be performed in asso-
ciation with the introduction of new technologies 
aimed at minimizing the worker's exposure to ADs 
(e.g., robotic systems, isolators, HIPEC) to evaluate 
their effectiveness and to evaluate the application of 
peculiar procedures/protocols by health profession-
als. Furthermore, the assessments should be carried 
out in the various departments affected by a pos-
sible ADs contamination and on all the operators 
involved in their handling and management, and 
not exclusively in the case that can be considered as 
the worst-case scenario (e.g., ADs preparation area), 
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5. conclusIons

The present review and the studies analyzed in its 
drafting highlight several critical issues that require 
particular attention.

Specifically, (i) the correct use of standardized 
protocols for the management and manipulation 
of ADs, as well as (ii) the proper use of PPE, (iii) 
the correct training of all personnel involved in the 
handling and management of these drugs and (iv) 
complete health surveillance are essential features 
for the purpose the assessment and management of 
occupational risk posed by ADs. Although the criti-
cal issues reported above were already well known 
and recognized, from the analyzed articles, the need 
to implement these measures still emerges today, as 
environmental contamination by ADs seems to be a 
topical problem in hospital-type environments since 
several healthcare professionals are still exposed to 
ADs, despite the adoption of protective and preven-
tive measures [18]. In particular, the literature is not 
yet fully comprehensive regarding assessing exposure 
to Ads for certain categories of healthcare workers 
(e.g., workers engaged in the logistics of ADs and 
individuals involved in cleaning surfaces potentially 
contaminated by Ads). A potentially critical sce-
nario could arise for workers tasked with cleaning 
surfaces of pharmaceutical isolators or robotic in-
struments (or, more generally, work surfaces). While 
these preventive systems are designed to protect the 
individual responsible for preparing the ADs, they 
may not provide optimal protection for the health-
care worker responsible for cleaning them.

Although exposure to ADs is normally kept 
under control, thanks to the adoption of preven-
tive interventions, the development/improvement 
of personal protective equipment, and the cor-
rect training and information activities for opera-
tors, from the studies analyzed in this review still 
emerge some criticisms that cannot be ignored: a 
“new” approach, which could be defined as “multi-
parametric” (which includes analyses of diverse 
types - from questionnaires to environmental and 
biological sampling), is therefore necessary. This ap-
proach should allow the implementation of optimal 
strategies that can protect workers while maintain-
ing the clinical efficiency of antiblastic therapy [18]. 

appear to be completely lacking. ADs environ-
mental monitoring is one of the policies for ADs 
risk assessment and management recommended by 
most of the authorities, especially in the European 
context. Specifically, European Policy Recom-
mendations underline the importance of defining 
procedures for the detection of drugs, identifying 
the routes of contamination, and improving the 
efficiency of prevention and protection of medical 
personnel. In general, it can be stated that most 
of the studies considered in this review focused on 
(i) sampling based on surface wipe sampling tech-
niques, followed by studies (ii) based on dermal 
and pad samples and, albeit less numerous, (iii) 
on air sampling methods (comprehensive of per-
sonal sampling campaigns). Studies based on AD 
environmental monitoring also suggest a correla-
tion between incorrect practices and/or lack of risk 
management measurements (such as the correct 
use of PPE) in the investigated workplaces and 
the widespread contamination of surfaces by ADs. 
On the contrary, as expected, there is a significant 
link between the adoption of clear and carefully 
imparted procedures and guidelines to person-
nel, the pertinent use of PPE, and the significant 
decrease in the contaminating substances in the 
environment. However, in this case, there is still a 
significant lack of medical surveillance programs 
for health workers. Nevertheless, it is noted that 
environmental contamination is significantly re-
duced in the presence of correct training and per-
sonnel protection. Finally, considering the problem 
related to accidental events, it can be stated that a 
small proportion of studies report the occurrence 
of occupational accidents related to drug admin-
istration, mainly attributable to the preparation 
of the equipment for administering the drug to 
the patient (e.g., the connection between tubes, 
syringes, and infusion lines, or contact with pre-
viously opened vials and/or vials damaged during 
transport of the material between hospital wards): 
it is difficult to make predictions regarding the oc-
currence of these accidental events, but it is im-
portant to underline how the recurrence of these 
events could be limited by defining effective and 
efficient work procedures.
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Table S1. List of documents referred to ADs. ADs: antineoplastic drugs; HDs: hazardous drugs. Document type: A: Alert; BC: Chapter of a book; D: 

Directive; G: Guide; GL: Guideline; LD: List of Drugs; TM: Technical Manual.  

Reference Title 
Document 
type 

Note 

[1] 
Guidelines for Cytotoxic 
(Antineoplastic) Drugs 

GL The first published guidelines for the management of ADs. 

[2] 
Controlling Occupational Exposure 
to Hazardous Drugs 

TM 
Withdrawn and replaced by the webpage Controlling Occupational Exposure to Hazardous 
Drugs. 

[3] 
Preventing occupational exposure to 
antineoplastic and other drugs in 
healthcare settings 

A 
Additional guidelines that address HDs or the equipment in which they are manipulated are 
reported by the NIOSH Alert.  

[4] 
ASHP Guidelines on Handling 
Hazardous Drugs 

GL Based on the NIOSH Alert. 

[5] 
List of Antineoplastic and Other 
Hazardous Drugs in Healthcare 
Settings 

LD 
The list supersedes the 2004 list in the next NIOSH Alert and the 2014 list of HDs.  The 
current update (2016) adds 34 drugs, five of which have safe-handling recommendations 
from the manufacturers. 

[6] 
Hazardous Drugs - Handling in 
Healthcare Settings 

BC Describes practice and quality standards for the handling of HDs. 

[7] 

Guidance for the safe management 
of hazardous medicinal products at 
work 

G 
This guide aims to provide an overview of the good practices available and give practical 
ways to reduce workers’ exposure to hazardous medicinal products  

[8] 

Directive (EU) 2022/431 of the 

European Parliament and of the 
Council of 9 March 2022 amending 

Directive 2004/37/EC on the 

protection of workers from the risks 

related to exposure to carcinogens 

or mutagens at work 

D 
Directive 2022/431/EU amends Directive 2004/37/EC [9] on the protection of workers from 
the risks related to exposure to carcinogens or mutagens at work. 

SUPPLEMENTARY MATERIAL

https://en.wikipedia.org/wiki/United_States_Pharmacopeia


Table S2. Search query arranged for each database (last search: September 2022). 

Database Search query 

Scopus 
ALL ( "antiblastic drug*"  OR  "antineoplastic drug*"  OR  "cytotoxic drug*"  OR  chemotherapy  OR  "hazardous drug*" )  AND  ALL ( 
"occupational exposure" )  AND  ALL ( "risk management"  OR  "risk assessment"  OR  "risk evaluation"  OR  "clinical risk" )  AND  ALL ( 
"healthcare*"  OR  "healthcare worker*"  OR  "care worker*" ) 

Web of Science 
(((ALL=("antiblastic drug*" OR "antineoplastic drug*" OR "cytotoxic drug*" OR chemotherapy OR "hazardous drug*")) AND 
ALL=("occupational exposure")) AND ALL=("risk management" OR  "risk assessment" OR "risk evaluation" OR "clinical risk")) AND 
ALL=("healthcare*" OR "healthcare worker*" OR "care worker*") 

PubMed 
((("antiblastic drug*" OR "antineoplastic drug*" OR "cytotoxic drug*" OR chemotherapy OR "hazardous drug*") AND ("occupational 
exposure")) AND ("risk management" OR "risk assessment" OR "risk evaluation" OR "clinical risk")) AND ("healthcare*" OR "healthcare 
worker*" OR "care worker*") 

  



Table SM3. Complete list of papers found suitable and reviewed in this study.  

 
 

Reference  First Author 
Publication 
year 

Title Source DOI 

[10] Acramel et al. 2022 

Application of an Environmental 
Monitoring to Assess the Practices and 
Control the Risk of Occupational Exposure 
to Cyclophosphamide in Two Sites of a 
French Comprehensive Cancer Center 

Ann Work Expo 
Health. 2022; 
66(9):1215-1223 

10.1093/annweh/wn.a.ac035  

[11] Altini et al. 2016 
Risk management of onco-hematological 
drugs: How and how fast can we improve? 

Tumori. 2016; 
102(Suppl 1):15-29. 

10.5301/tj.5000540 

[12] Asefa et al. 2021 

Knowledge and Practices on the Safe 
Handling of Cytotoxic Drugs Among 
Oncology Nurses Working at Tertiary 
Teaching Hospitals in Addis Ababa, 
Ethiopia 

Drug Healthc Patient 
Saf. 2021;13:71-80 

10.2147/DHPS.S289025 

[13] Azari et al. 2016 
Environmental monitoring of occupational 
exposure to cyclophosphamide drug in 
two Iranian hospitals 

Int J Cancer Manag. 
2017;10(1):e7229 

10.17795/ijcp-7229 

[14] Benoist et al. 2022 

Perception, knowledge and protective 
practices for surgical staff handling 
antineoplastic drugs during HIPEC and 
PIPAC 

Pleura Peritoneum. 
2022;7(2):77-86 

10.1515/pp-2021-0151 

[15] 
Bernabeu-Martínez 
et al. 

2021 
Perception of risk of exposure in the 
management of hazardous drugs in home 
hospitalization and hospital units 

PLoS One. 
2021;16(7):e0253909. 

10.1371/journal.pone.0253909  

[16] 
Bobin-Dubigeon et 
al. 

2013 

A new, validated wipe-sampling 
procedure coupled to LC-MS analysis for 
the simultaneous determination of 5-
fluorouracil, doxorubicin and 
cyclophosphamide in surface 
contamination 

J Anal Toxicol. 2013 
Sep;37(7):433-9 

10.1093/jat/bkt045 

[17] Boiano et al. 2014 
Adherence to safe handling guidelines by 
health care workers who administer 
antineoplastic drugs 

J Occup Environ Hyg. 
2014;11(11):728-40 

10.1080/15459624.2014.916809 

https://doi.org/10.1093/annweh/wxac035
https://doi.org/10.1371/journal.pone.0253909


[18] Boiano et al. 2015 

Adherence to Precautionary Guidelines for 
Compounding Antineoplastic Drugs: A 
Survey of Nurses and Pharmacy 
Practitioners 

J Occup Environ Hyg. 
2015;12(9):588-602 

10.1080/15459624.2015.1029610 

[19] Claraz et al. 2020 
Assessment of efficacy of postinfusion 
tubing flushing in reducing risk of 
cytotoxic contamination 

Am J Health Syst 
Pharm. 2020; 
77(22):1866-1873 

10.1093/ajhp/zxaa357 

[20] Connor et al. 2010 
Evaluation of antineoplastic drug 
exposure of health care workers at three 
university-based US cancer centers 

J Occup Environ Med. 
2010;52(10):1019-27 

10.1097/JOM.0b013e3181f72b63 

[21] Constantinidis et al. 2011 
Occupational health and safety of 
personnel handling chemotherapeutic 
agents in Greek hospitals 

Eur J Cancer Care 
(Engl). 
2011;20(1):123-31. 

10.1111/j.1365-
2354.2009.01150.n.a. 

[22] Cotteret et al. 2020 
External contamination of antineoplastic 
drug vials: an occupational risk 
to consider 

Eur J Hosp Pharm. 
2022 Sep;29(5):284-
286 

10.1136/ejhpharm-2020-002440 

[23] Crickman 2016 
Chemotherapy Safe Handling: Limiting 
Nursing Exposure With a Hazardous Drug 
Control Program. 

Clin J Oncol Nurs. 
2017;21(1):73-78. 

10.1188/17.CJON.73-78 

[24] 
Crul and Simons-
Sanders 

2018 
Carry-over of antineoplastic drug 
contamination in Dutch hospital 
pharmacies 

J Oncol Pharm Pract. 
2018;24(7):483-489 

10.1177/1078155217704990 

[25] Dugheri et al. 2018 
A new approach to assessing occupational 
exposure to antineoplastic drugs in 
hospital environments 

Arh Hig Rada 
Toksikol. 2018 Sep 
1;69(3):226-237. 

10.2478/aiht-2018-69-3125 

[26] Fernandes et al. 2016 
Workplace Activity in Health Professionals 
Exposed to Chemotherapy Drugs: An 
Otoneurological Perspective 

Int Arch 
Otorhinolaryngol. 
2016;20(4):331-338. 

10.1055/s-0036-1572431. 

[27] Forges et al. 2021 

Evaluation of a safe infusion device on 
reducing occupational exposure of nurses 
to antineoplastic drugs: a comparative 
prospective study. Contamoins-1 

Int Arch Occup 
Environ Health. 
2021;94(6):1317-
1325 

10.1007/s00420-021-01679-x. 

[28] Fransman et al. 2014 
Leukemia from dermal exposure to CP 
among nurses in the Netherlands: 
Quantitative assessment of the risk 

Ann Occup Hyg. 2014 
Apr;58(3):271-82. 

10.1093/annhyg/met077 

  



[29] Ferron et al.  2015 

Professional risks when carrying out 
cytoreductive surgery for peritoneal 
malignancy with hyperthermic 
intraperitoneal chemotherapy (HIPEC): A 
French multicentric survey 

Eur J Surg Oncol. 
2015;41(10):1361-7. 

10.1016/j.ejso.2015.07.012 

[30] Hon et al. 2011 
Pilot evaluation of dermal contamination 
by antineoplastic drugs among hospital 
pharmacy personnel 

Can J Hosp Pharm. 
2011;64(5):327-32 

10.4212/cjhp.v64i5.1067 

[31] Hon et al. 2011 

Occupational Exposure to Antineoplastic 
Drugs: Identification of Job Categories 
Potentially Exposed throughout the 
Hospital Medication System 

Saf Health Work. 
2011;2(3):273-81 

10.5491/SHAW.2011.2.3.273 

[32] Kieffer et al. 2015 

Preventing the contamination of hospital 
personnel by cytotoxic agents: evaluation 
and training of the para-professional 
healthcare workers in oncology units 

Eur J Cancer Care 
(Engl). 2015 (3):404-
10 

10.1111/ecc.12249 

[33] Kim et al. 2019 
Korean nurses' adherence to safety 
guidelines for chemotherapy 
administration 

Eur J Oncol Nurs. 
2019;40:98-103 

10.1016/j.ejon.2019.04.002 

[34] Koller et al. 2018 
Environmental and biological monitoring 
on an oncology ward during a complete 
working week 

Toxicol Lett. 
2018;298:158-163 

10.1016/j.toxlet.2018.05.002. 

[35] Kopp et al. 2013 

Evaluation of working practices and 
surface contamination with antineoplastic 
drugs in outpatient oncology health care 
settings 

International Archives 
of Occupational and 
Enviromental Health 

10.1007/s00420-012-0742-z 

[36] Korczowska et al. 2020 

Environmental contamination with 
cytotoxic drugs in 15 hospitals from 11 
European countries—results of the 
MASHA project 

Eur J Oncol Pharm 
2020; 3(2):p e24 

10.1097/OP9.0000000000000024 

[37] Kumari et al. 2017 
Potential Health Risks among Oncology 
Staff Nurses of Selected Hospitals due to 
Antineoplastic Drug Exposure 

Indian J Public Health 
Res Dev 2017; 8(4): 
358-361 

10.5958/0976-5506.2017.00369.2 

[38] Ladeira et al. 2014 
Assessment of genotoxic effects in nurses 
handling cytostatic drugs 

Toxicol Environ 
Health A. 2014;77(14-
16):879-87. 

10.1080/15287394.2014.910158 

[39] Lalande et al. 2012 
Evaluation of safe infusion devices for 
antineoplastic administration 

J Infus Nurs. 2015;38 
Suppl 6:S29-35 

10.1097/NAN.0b013e3182659abd 



[40] Larroque et al. 2021 

Evaluation of the environmental 
contamination and exposure risk in 
medical/non-medical staff after 
oxaliplatin-based pressurized 
intraperitoneal aerosol chemotherapy 

Toxicol Appl 
Pharmacol. 
2021;429:115694 

10.1016/j.taap.2021.115694 

[41] 
Leduc-Souville et 
al. 

2013 
Risk management of excreta in a cancer 
unit 

Clin J Oncol Nurs. 
2013 Jun;17(3):248-
52. 

10.1188/13.CJON.248-252 

[42] Liu et al. 2022 

Nurses’ knowledge, perceptions, and 
behaviors regarding antineoplastic drugs: 
the mediating role of protective 
knowledge 

Front. Nurs. 202; 
29(2), 3922,155-163.  

10.2478/fon-2022-0017 

[43] Moretti et al. 2015 

Micronuclei and chromosome aberrations 
in subjects occupationally exposed to 
antineoplastic drugs: a multicentric 
approach 

Int Arch Occup 
Environ Health. 
2015;88(6):683-95. 

10.1007/s00420-014-0993-y 

[44] Mucci et al. 2020 

Occupational exposure to antineoplastic 
drugs in hospital environments: potential 
risk associated with contact with 
cyclophosphamide- and ifosfamide-
contaminated surfaces 

Med Pr. 
2020;71(5):519-529. 

10.13075/mp.5893.00931 

[45] Ndaw et al. 2018 
Occupational exposure to platinum drugs 
during intraperitoneal chemotherapy. 
Biomonitoring and surface contamination 

Toxicol Lett. 
2018;298:171-176. 

10.1016/j.ton.a.let.2018.05.031 

[46] Rossignol et al. 2020 
A fully validated simple new method for 
environmental monitoring by surface 
sampling for cytotoxics 

J. Pharmacol Toxicol 
Methods. 
2020;101:106652 

10.1016/j.vascn.2019.106652 

[47] Sadeghipour et al. 2013 

Chemical contamination during the 
preparation of cytotoxics: validation 
protocol for operators in hospital 
pharmacies 

J Oncol Pharm Pract. 
2013;19(1):57-64 

10.1177/1078155212452764 

[48] Sessink et al. 2011 

Reduction in surface contamination with 
antineoplastic drugs in 22 hospital 
pharmacies in the US following 
implementation of a closed-system drug 
transfer device 

J Oncol Pharm Pract. 
2011;17(1):39-48 

10.1177/1078155210361431 



[49] Siderov et al. 2010 
Reducing workplace cytotoxic surface 
contamination using a closed-system drug 
transfer device 

J Oncol Pharm Pract. 
2010 Mar;16(1):19-25 

10.1177/1078155209352543 

[50] Sottani et al. 2010 
An analysis to study trends in 
occupational exposure to antineoplastic 
drugs among health care workers 

J Chromatogr B Analyt 
Technol Biomed Life 
Sci. 
2010;878(27):2593-
605 

10.1016/j.jchromb.2010.04.030 

[51] Sottani et al. 2012 
Occupational exposure to antineoplastic 
drugs in four Italian health care settings 

Toxicol Lett. 
2012;213(1):107-15.  

10.1016/j.ton.a.let.2011.03.027 

[52] Sugiura, et al. 2011 
Multicenter study for environmental and 
biological monitoring of occupational 
exposure to cyclophosphamide in Japan 

J Oncol Pharm Pract. 
2011;17(1):20-8 

10.1177/1078155210369851 

[53] Sugiura, et al. 2011 

Risks to health professionals from 
hazardous drugs in Japan: A pilot study of 
environmental and biological monitoring 
of occupational exposure to CP 

J Oncol Pharm Pract. 
2011;17(1):14-9.  

10.1177/1078155209358632 

[54] Ursini et al. 2019 

Antineoplastic drug occupational 
exposure: a new integrated approach to 
evaluate exposure and early genotoxic and 
cytotoxic effects by no-invasive Buccal 
Micronucleus Cytome Assay biomarker 

Toxicol Lett. 2019 
Nov;316:20-26 

10.1016/j.toxlet.2019.08.022 

[55] Viegas et al. 2018 
Occupational exposure to cytotoxic drugs: 
the importance of surface cleaning to 
prevent or minimise exposure 

Arh Hig Rada 
Toksikol. 
2018;69(3):238-249. 

10.2478/aiht-2018-69-3137 

[56] Viegas et al. 2014 
Antineoplastic drugs contamination of 
workplace surfaces in two Portuguese 
hospitals 

Environ Monit Assess. 
2014 
Nov;186(11):7807-18. 

10.1007/s10661-014-3969-1 

[57] Villarini et al. 2011 
Assessment of primary, oxidative and 
excision repaired DNA damage in hospital 
personnel handling antineoplastic drugs 

Mutagenesis. 2011 
May;26(3):359-69. 

10.1093/mutage/geq102 



Period of the Study 

While it is possible to clearly state the publication year for each of the considered studies, it is not 
possible to provide a trend about the study period - meant as the time span in which the surveys 
and/or the measurements of interest took place (Table 2). Roughly 48% of the reviewed articles 
do not provide sufficiently precise information on the time range, in terms of years in which the 
monitoring campaign took place. Regarding the remaining articles, considering five-year 
intervals from 1999 to 2022, a higher number of publications took place in the years between 
2008 and 2012, showing a percentage of carried-out searches of 19%. It is followed closely by the 
17% of studies taking place in the years from 2013 to 2017. Notably, some of the studies reported 
data from more than one of the identified periods. Based on our evidence, it’s safe to affirm that 
at least 36% of the literature included in this systematic review is based on research performed 
in the decade from 2008 and 2017. These articles focus on the characterization of occupational 
exposure to ADs, the assessment of the associated risk and the staff's adherence to the prevention 
guidelines defined by the hospital. These may be inspired by the HDs lists by NIOSH published in 
2004 and subsequently updated in 2010 and 2012. 
 

Table S4. Number (and percentage of the total - 48 studies) of reviewed articles, divided 
according to the study period (five-year intervals). n.a.: information not available in the reviewed 
articles. 
 

Study period N (%) References 
2018 - 2022  5 (10%) [12, 22, 40, 42, 44] 

2013 - 2017 8 (17%) [23 ,27, 29, 33, 34, 36, 45, 56] 

2008 - 2012 9 (19%) [16-18, 24, 32, 35, 41, 50, 51] 

2003 - 2007  5 (10%) [21, 24, 48, 50, 53] 

1999 - 2002  3 (6%) [24, 48, 50] 

n.a. 23 (48%) 
[10, 13-15, 19, 20, 25, 26, 28, 30, 31, 37, 38, 43, 46, 47, 49, 52, 54, 55, 
57] 

 

Geographical Distribution 

Information about the geographical distribution is reported with an in-depth precision (Table 3): 
29 of the reviewed studies (60%) are based in Europe, with most of them spread among France 
and Italy (21% and 17% respectively). It is interesting to see how Europe is the continent most 
involved in the study of occupational risk from ADs, while North America and Asia, in a first 
approximation, share the same degree of involvement in this field (12% and 10% respectively). 
Studies carried out in Europe show a more widespread application of new technologies in the 
medical field, such as PIPAC (Pressurized Intra Peritoneal Aerosol Chemotherapy) and HIPEC 
(Hyperthermic Intraperitoneal Chemotherapy) for the administration of ADs. They also suggest 
a deepening of knowledge among the personnel, following the application of guidelines, and 
experimentation of methods suitable for monitoring the contamination of places and surfaces in 
medical departments. The articles published in China, Japan and South Korea suggest the 
widespread goal of understanding the perception of risk by the medical personnel, and the 
potential risk influenced by the healthcare workers’ knowledge of the guidelines and the 
application of the risk prevention methods. As for the studies published in North America and 
Australia, on more than one occasion they focus on the evaluation of risk reduction following the 
implementation of drug control programs and the use of the closed-system drug transfer device. 
  



Table S5. Number (and percentage of the total - 48 studies) of reviewed articles, divided 
according to the study location (major geographical areas). n.a.: information not available in the 
reviewed articles. 
 

Study location N (%) References 
Australia 1 (2%) [49] 
Brazil  1(2%) [26] 
Canada 2 (4%) [30,31] 
China 1 (2%) [42] 
Ethiopia 1 (2%) [12] 
Europe (multi-
center study) 

1 (2%) [36] 

France 10 (21%) [10, 14, 16, 29, 32, 39-41, 45, 46] 
Germany 2 (4%) [34, 35] 
Greece 1 (2%) [21] 
India 1 (2%) [37] 
Iran 1 (2%) [13] 
Italy 8 (17%) [11, 25, 43, 44, 50, 51, 54, 57] 
Japan 2 (4%) [52, 53] 
The 
Netherlands 

2 (4%) [24, 28] 

Portugal 3 (6%) [38, 55, 56] 
South Korea 1 (2%) [33] 
Spain 1 (2%) [15] 
Switzerland 1 (2%) [47] 
U.S.A. 4 (8%) [18, 20, 23, 48] 
n.a. 4 (8%) [17, 19, 22, 27] 

 

Investigated Healthcare Structures 
As, understandably, most of the reviewed studies being carried out within general hospital 
facilities, open for public access and service, three main categories of environments are 
considered in this study: (i) hospitals and university hospitals (71%), (ii) cancer treatment 
centres (10%) and other healthcare structures (13%). Notably, some of the study investigate 
more than one kind of this structure and some (15%) do not report detailed information on the 
type of healthcare structure in which the study was performed (Table 4.a). More in detail, 
speaking about these categories of healthcare structure, aware of the consistent lack of detailed 
description about the specific department investigated in the reviewed studies (around 65% of 
the studies do not provide clear information about this), most of the measurements within 
hospital structures involve the pharmacy department/drug-preparation unit (19%). Other main 
departments considered in studies under review are the administration units (8%), patient care 
units (4%) and hospital areas specifically used for the treatment of oncological pathologies (2%) 
(Table 4.b). Regarding the obtained results, it’s interesting to observe how the study of 
environmental contamination is, understandably, mostly relegated to the medicines-preparation 
areas. However, this could be a limiting element as regards the contamination of shared areas in 
the hospital structure, with the possibility of putting at risk medical personnel who are not used 
– and consequently, unprepared – to the management of ADs. 
  



Table S6. Number (and percentage of the total - 48 studies) of reviewed articles, divided 
according to: a) Healthcare facilities considered in the studies under review. b) Departments and 
wards considered in the studies under review. n.a.: information not available in the reviewed 
articles. 
 

Investigated 
environment 

N (%) Reference 

a Hospital or 
University 
Hospital 

34 (71%) 
[12-14, 19-21, 24-28, 30-39, 42-46, 48-50, 52-54, 56, 
57] 

Cancer treatment 
centre/oncology 
hospital 

5 (10%) [16, 31, 36, 40, 52] 

Other 6 (13%) [10, 11, 23, 39, 51, 55] 

n.a. 7 (15%) [15, 17, 18, 22, 29, 41, 47] 
b Pharmacy and/or 

preparation units 
9 (19%) [22, 30, 46, 48-51, 54, 56] 

Administration 
units 

4 (8%) [33, 46, 54, 56] 

Patients care units 2 (4%) [10, 51] 
Oncologic and/or 
other surgery 
units 

1 (2%) [45] 

Other 6 (13%) [10, 28, 34, 35, 39, 53] 

n.a. 31 (65%) [11-21, 23-27, 29, 31, 32, 36-38, 40-44, 47, 52, 55, 57] 
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AbstrAct
Background: The high incidence rates, treatment difficulties, and tendency to become chronic, which subsequently 
affects personal and occupational functioning, make mental health disorders among the most important public health 
concerns. In this context, healthcare university students (HS) appear to be more vulnerable to psychological distress 
than others. Objective: Investigate the prevalence of diagnosed mental illness among different groups of HS to detect 
students who may be psychologically vulnerable and determine whether the implementation of support interventions 
is necessary. Methods: All HS who had a clinical examination performed by an occupational physician at our oc-
cupational health unit between 2021 and 2022 were included in our case series. Data were collected and analyzed 
as part of the occupational physicians’ health surveillance program. Results: out of 679 HS (507 females, 172 males, 
aged 22.2±3.9 mean±s.d) undergone clinical examination at our Occupational Health Unit, 36 (5.3%) reported a 
diagnosed psychiatric illness, and 20 were receiving pharmacological therapy at the time of the visit. A higher preva-
lence of psychological disorders has been highlighted in females (6.1% vs 2.9% in males) and students of the mental 
health sector (11.1%) when compared with others. A fit-to-work judgment with prescription was necessary for 16.7% 
of students with mental diseases. The presence of psychiatric disorders was associated with underweight (27.8%) and 
higher smoking habit (44.4%). Conclusions: These results underline the necessity of improving the current health 
surveillance protocols, which should also evaluate students’ psychological fragility and implement effective interven-
tion strategies to promote their health and wellbeing.

1. IntroductIon

The World Health Organization’s definition of 
health includes not only physical but also mental 
and social well-being, introducing the idea of a ho-
listic approach to health [1]. Due to their high inci-
dence rates, treatment challenges, and propensity to 
become chronic, mental health disorders are one of 
the most significant public health issues [2].

It’s known that the transition to university coin-
cides with a critical period in the biological, psycho-
logical, and social development of students. Despite 
being a crucial transitional period, Literature re-
ports few epidemiological studies about diagnosed 
mental health problems in college and university 
students [3]. Nonetheless, several studies examined 
the frequency of signs of psychological discomfort 
in university students, suggesting that 12-50% of 
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university and college students meet the criteria for 
one or more common mental disorders [4-6]. A na-
tional survey in Norway reported a high prevalence 
of both mental health problems [7] and suicidal ide-
ation and non-suicidal self-harm [8] among college 
and university students. Furthermore, there are some 
suggestions about the impact of the COVID-19 
pandemic on college students’ mental health, as evi-
denced by the rise in the number of students expe-
riencing negative emotions and psychological issues 
during this period [9, 10].

In this context, there is significant evidence that 
healthcare students (HS) have high levels of men-
tal discomfort and psychological distress with 
subsequent concerning effects on personal and oc-
cupational functioning [11]. A recent systematic re-
view reported an estimated frequency of depression 
symptoms in medical students around the world at 
about 27.2% [12], while the global prevalence rate 
of anxious features among medical students was 
33.8% [13]. Recent studies also highlighted a higher 
prevalence of sleep disorders in HS compared to the 
general population [14, 15], a critical issue in this 
population since sleep disorder symptoms may result 
in errors, accidents, or low academic performance [16]. 
During the COVID-19 pandemic, higher levels of 
anxiety, stress, and exhaustion were also reported in 
this category of university students [17].

There is evidence of a relationship between 
mental disorders and unhealthy lifestyle habits: a 
recent Italian study evaluated the cardiovascular 
risk in patients with mental illness compared to a  
control group. It highlighted that smoking habits 
were more common in people with mental prob-
lems  (51.3%-64.7%) than control (20.4-25.9) [18]. 
Other studies showed that patients with mental 
illnesses are twice as affected by obesity, diabetes, 
and metabolic syndrome than the general popula-
tion and, accordingly, are at increased risk of death 
due to cardiovascular disorders [19]. On the other 
hand, several mental diseases, including those in the 
“eating disorders” group, could be associated with 
underweight conditions, such as unhealthy and re-
stricted nutrition habits with subsequent effects on 
the endocrine system [20], bone metabolism [21], 
and cardiovascular system [22].

The first aim of this study was to evaluate and 
compare the prevalence of diagnosed mental illness 
in different groups of HS at the start of their practi-
cal training to establish the necessity of implement-
ing health surveillance programs with the intention of 
identifying and assisting students with psychological 
fragility. Secondarily, the study evaluated the correla-
tion between mental disease and unhealthy lifestyle 
habits to identify the necessity of implementing 
health promotion programs in the student population.

2. MAterIAls And Methods

Luigi Sacco University Hospital is part of the 
Italian public healthcare system. It has an agreement 
with the University of Milan, so resident doctors and 
numerous students attend its departments and clin-
ics. According to Italian Law (Legislative  Decree 
n. 81 of 2008, 9th April) [23], before beginning  
their training internship, all students are required to 
undergo a medical examination by an occupational 
physician to identify any health issues that could 
contraindicate the exposure to specific risk agents 
during the traineeship. A detailed medical history 
regarding past and present pathological conditions, 
chronic therapies, and lifestyle habits is part of the 
current health surveillance protocol. It also includes 
general clinical evaluation and specific clinical eval-
uation for the musculoskeletal system and blood 
chemistry tests aimed to determine susceptibility 
to exposure to biological agents and adequate vac-
cination coverage of the students. After the medi-
cal examination, the occupational physician issues a 
fitness-to-work judgment to protect the health and 
safety of the students, as well as all workers.

Our case series included all HS undergone clini-
cal examination by an occupational physician at our 
Occupational Health Unit between 1st January 2021 
and 31 December 2022. Presented data were col-
lected and analysed as part of the health surveillance 
program carried out by the Occupational Health 
Unit. Data were presented as a whole and catego-
rized by course of study. In particular, students were 
divided into 4 categories based on the study courses 
they had taken: medicine and surgery (MS), nurs-
ing (N), the mental health sector (MH, including 
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psychology students and psychiatric rehabilitation 
students), and other courses of study (O; including 
few students belonging to the courses of pharmacy, 
physiotherapy, orthoptists, and others not included 
in the previous groups). Resident doctors were not 
included in the study.

All data shown in our study were expressed as ab-
solute numbers, percentages, and/or mean ± SD. The 
Student’s t-test analysed between-group differences 
for the continuous variables, while categorical vari-
ables were analysed by the Fisher exact test. Differ-
ences in age, sex, and course of study were considered 
in data analysis. A p-value <0.05 was considered sig-
nificant. Statistical analysis was performed with Mi-
crosoft Excel (Microsoft Office for Apple, “Office 
365” Version) and R-Studio (R Core Team (2019). 
R: A language and environment for statistical comput-
ing. R Foundation for Statistical Computing, Vienna, 
Austria. URL: https://www.R-project.org/).

3. results

679 HS (507 females, 172 males, aged 22.2±3.9 
mean±d.s.) underwent clinical examination by Oc-
cupational Physician at our Occupational Health 
Unit between the beginning of 2021 and the end 
of 2022. Out of them, 400 students (58.9%) at-
tended MS, 107 (15.8%) N, 81 (12.0%) MH and 
91 (13.3%) O.

As shown in Table 1, at the time of clinical ex-
amination, 72% of visited HS had a normal weight 
(body mass index - BMI - between 18 and 24,9 
kg/m2) while 13% suffered from underweight  
(BMI <18 kg/m2) and 15% were overweight/obese 
(BMI > 24,9 kg/m2). Smoking habit was referred by 
19.1% of HS. At the time of the visit, 36 HS (5.3%) 
reported documentation related to a mental illness 
just diagnosed by a psychiatrist, and 20 of them 
(55.6%) were receiving pharmacological therapy. 
Out of these 36 HS, 47.2% suffered from anxiety, 
30.6% had a diagnosis included in the “eating dis-
orders” group (including anorexia nervosa, bulimia 
nervosa, and binge eating disorder), 13.9% suffered 
from depression, 5.6% had a positive clinical his-
tory for episodes of panic crisis, and 1 student was 
 affected by delusional disorder.

Out of the overall population, in 98.8% of the 
cases, the Occupational Physician expressed a full 
fit to work judgment after the medical examina-
tion. In 1.2% of cases, a fit-to-work judgment with 

Table 1. Demographic and clinical characteristics of the 
study population.

Healthcare Students
n %

Students
All 679 100.0%
Females 507 74.7%
Males 172 25.3%
Age (years), mean±s.d. 22.2±3.9

University Courses Attended
Medicine and Surgery (MS) 400 58.9%
Nursing (N) 107 15.8%
Mental Health sector (MH) 81 12.0%
Other courses (O) 91 13.3%

BMI
<18 kg/m2 88 13.0%
18-24.9 kg/m2 489 72.0%
25-30 kg/m2 90 13.2%
>30 kg/m2 12 1.8%

Smoking Habit
Yes 130 19.1%
No 549 80.9%

Diagnosed Mental Illness
Yes 36 5.3%
No 643 94.7%

Type of Psychiatric Disease (out of 36)
Anxiety 17 47.2%
Eating disorders 11 30.6%
Depression 5 13.9%
Panic crisis 2 5.6%
Delusional disorder 1 2.7%

Fitness to Work Judgement
Fit to work 671 98.8%
Fit to work with limitation 
or prescription

8 1.2%

Unfit to work 0 0.0%
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Table 2. Clinical data and smoking habit: comparison between healthcare students with and without diagnosed mental diseases.
No Mental Disorders

n. (%)
Diagnosed Mental Disorders

n. (%) p
All (n. 679) 643 (100) 36 (100) -
Females (n. 507) 476 (74.0) 31 (86.1) 0.11
Age (years) 22.1±3.9 24.1±4.1 0.002
BMI

<18 kg/m2 78 (12.1) 10 (27.8) 0.02
18-25 kg/m2 466 (72.5) 23 (63.9) 0.26
>25 kg/m2 99 (15.4) 3 (8.3) 0.59

Smoking Habit 114 (17.7) 16 (44.4) <0.001
Fitness to Work Judgement n. (%) n. (%) p

Fit to work 641 (99.7) 30 (83.3) -
Limitation or prescription 2 (0.3) 6 (16.7) <0.001
Unfit to work 0 0 -

prescription was required: in two cases, specifically, 
a fit-to-work judgment was accompanied by recom-
mendations regarding the exposure to biological 
risk in relation to student’s increased susceptibility, 
and in eight cases, a close monitoring schedule for 
follow-up visits was indicated to track the develop-
ment of the underlying disease throughout the stu-
dent’s internship.

When compared with students without psychi-
atric illness, students with mental diseases were 
older (24.1±3.9 y vs. 22.1±4 y, p=0.002), and the 
diagnosis of mental diseases, even if not signifi-
cant, showed a higher prevalence in the women 
group (6.1%) than in men group (2.9%) (p=0.11). 
Related to life habits, when compared with stu-
dents without mental disorders, in students with 
psychiatric diseases a higher prevalence of smok-
ing habits (44.4% vs. 17.7%, p<0.001) and under-
weight (27.8% vs. 12.1%, p=0.02) were found. In 
98.6% of the students without psychiatric illness, 
the Occupational Physician expressed a full fit to 
work judgment following the medical examination. 
In this group, a fit work judgment with prescrip-
tions was required in two cases related to students’ 
increased susceptibility to biological risk. Related to 
the group of students with psychiatric diseases a fit 
to work judgment with prescription was expressed 
by Occupational Physician in 16.7% of cases with 

the recommendation of a close monitoring sched-
ule for follow-up visits to track the development of 
the underlying disease throughout the student’s in-
ternship (Table 2).

Concerning the type of university course at-
tended, a higher prevalence of psychiatric disor-
ders was found in MH students than in other HS 
(11.1% vs 4.7%, p=0.02) (Figure 1). As shown in 
Figure 2, when compared with students attend-
ing other university courses, a higher prevalence 
of eating disorders (4.7%) and depression (3.7%) 
was found in MH students. In comparison, di-
agnosis of anxiety (3.2%) was more common in  
MS students.

4. dIscussIon

Healthcare settings can be a demanding work-
place, with long and uncertain working hours, severe 
workloads, training competition, high responsibil-
ity, and continual exposure to suffering, illness, and 
death [24]. Increasing evidence in Literature shows 
that healthcare workers around the world report 
high levels of depression, anxiety, stress, burnout, and 
post-traumatic stress disorder [25]. In this context, 
it is crucial to identify, at an early phase, psychologi-
cal fragility in order to put all the necessary precau-
tions at work to safeguard the health and safety of 
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Figure 1. Prevalence of diagnosed mental disorders in study population  categorized 
by university course attended.
MS = medicine and surgery course (n. 400), N = nursing course (n. 107), MH = mental health sector 
courses (n. 81), O = other courses (n. 91).
* p = 0.02.

Figure 2. Prevalence of diagnosed psychiatric disease in the study population.
All = total of study population (n. 679), MS = medicine and surgery course (n. 400), N = nursing course (n. 107),   
MH = mental health sector courses (n. 81), O = other courses (n. 91).
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group. These findings are consistent with previous 
research works, which indicate that women have a 
higher prevalence of psychiatric illness than men 
[29, 30]. In relation to the finding of older age in 
our students with psychiatric disease, this data could 
be linked to the known effects of the underlying 
disorder on personal and work functioning [11]: 
several studies in Literature, in fact, have correlated 
the presence of psychological distress with delays 
in study path and lower academic performance 
[31, 32]. Concerning to the type of university course 
attended, in our study, a higher frequency of psychi-
atric disorders was found in students of MH sector 
than in other HS. Given the difficulty of comparing 
this data with the scientific Literature, lacking on 
this topic, we can hypothesize, based on our experi-
ence, that the Student’s choice of academic course 
may also be influenced by their aim, on the one 
hand, to better understand their disorders and, on 
the other hand, to become able to help other people 
with the same kind of diseases.

In our study the Occupational Physician, after 
the medical examination, expressed a fit to work 
judgement with limitation/prescription in 16.7% of 
students with mental disorders compared to 1.4% of 
students without psychiatric disease. As previously 
reported, healthcare settings, characterized by high 
responsibility and continual exposure to suffering, 
illness, and death can be a demanding workplace [24]. 
Consequently, to manage a worker with psychiatric 
pathology, the Occupational Physician may need 
to provide a fit to work judgement with limitations 
or recommendations, specifically regarding work-
ing nights, workloads, responsibilities, and pace or 
a judgment of temporary or permanent unfitness 
depending on the severity of the medical condi-
tion [35]. Students attended in healthcare univer-
sity courses at the start of their hospital internships 
made up our study population. All these students 
were expected to start an internship that was super-
vised, devoid of night shifts or direct responsibili-
ties. Furthermore, students with psychiatric diseases 
involved in our study were all already taken care of 
by a specialist physician at the time of the visit and 
the specialist certified the status of good compen-
sation for students with mental illness. For these 
reasons, even in presence of a psychiatric disease, 

workers, since from the university training period. 
Based on our knowledge, our study is the first in 
Literature to compare the prevalence of diagnosed 
mental illness in different groups of HS at the start 
of their practical training. In our study, out of 679 
HS undergone to medical examination before the 
beginning of the Hospital practical training, 5.3% 
referred a diagnosed psychiatric illness at the time of 
the visit. Italian data [26] highlighted, for the gen-
eral population with the same age range  (18-34 y.o.),  
a prevalence of 1.3% of cases of psychiatric diseases 
requiring clinical evaluation during 2020; in the 
same survey, depression (0.3%), psychosis (0.3%) 
and anxiety/other neurotic syndrome (0.2%) were 
the most frequent diagnosis reported by 18-34 y.o. 
subjects undergone clinical evaluation. In our study, 
anxiety was the most frequent diagnosis reported 
(2.5% of the study population and almost half of 
psychiatric disease cases), while eating disorders af-
fected 1.3% of visited students (almost one out of 
every three people with mental illness), and more 
then 10% of students with mental disease (and 0.7% 
of the study population) suffered from depression.

We found no research in Literature that investi-
gated the prevalence of diagnosed psychiatric disor-
ders in HS while several studies used standardized 
questionnaires to assess psychological well-being of 
this target population. A meta-analysis of ten cross-
sectional studies, involving a total of 30,817 medi-
cal students, showed a prevalence of depression, 
 anxiety, suicidal ideation, and eating disorders of 
29%, 21%, 11%, and 2%, respectively [27]. Another 
study [28] assessed mental health status of college 
students and showed that anxiety was the prevalent 
psychological symptom in all groups (11.7-14.7%) 
followed by mood disorders (6.0-9.9%). The lack 
of targeted questionnaires in the assessment of 
psychological well-being of HS in our study could 
explain the lower prevalence of psychiatric discom-
fort in our population compared to other studies 
maybe because of an underestimation of cases due 
to the inability to recognize conditions of psycho-
logical suffering that have not yet been diagnosed 
and managed in a specialistic field. Our study high-
lighted older age in students with mental disorders 
compared to other students and a higher prevalence 
of psychiatric disease in women group than in men 
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data; FT performed data mining; MM, FM and RC per-
formed the analysis; MM, FM, RC, AS and SZ wrote the 
paper; PC supervised all phases of research activity planning. 
All authors reviewed the results and approved the final ver-
sion of the manuscript.
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AbstrAct
Background: Our objective was to study the association between occupational exposure to diesel exhaust (DE) and 
skin cancer. Methods: A systematic review following STROBE guidelines and PECOS criteria was conducted to 
identify cohort studies describing the association between occupational DE exposure and the risk of skin cancer. We ex-
tracted 12 independent risk estimates for melanoma skin cancer (MSC), 8 for non-melanoma skin cancer (NMSC), 
and 3 for skin cancer not otherwise specified (SC-NOS). Random effects meta-analyses were performed, site-specific 
and stratified by geographic region and quality score. 95% confidence intervals (CI) were reported. Between-study 
heterogeneity and potential publication bias were investigated. Results: There was no overall evidence of an in-
creased risk of MSC [RR=0.90, 95% CI: 0.73-1.11; I2=92.86%, 95% CI: 82.83-97.03%], NMSC [RR=1.04, 
95% CI: 0.88-1.23; I2=60.79%, 95% CI: 0-87.34%] or SC-NOS [RR=0.72, 95% CI: 0.54-0.97; I2=26.60%, 95%  
CI: 0-94.87%] in workers exposed to DE. No difference between low-quality and high-quality studies was found. 
A stratified analysis by geographical region did not reveal any significant differences. There was no evidence of pub-
lication bias. Conclusions: No evidence of an association between skin cancer and occupational DE exposure was 
found. Residual confounding and other sources of bias cannot be ruled out.

1. IntroductIon

Diesel engines have many industrial applica-
tions, including on- and off-road equipment used 
in railroad, mining, construction, agriculture, trans-
portation, and manufacturing operations [1]. The 
exhaust from diesel engines contains a mixture of 
gases, vapors, aerosols, and particulate matter that 
can create a health hazard when not properly con-
trolled. Short-term exposure to high concentrations 
of diesel exhaust (DE) can cause eye, nose, throat, 
and lung irritation, headache, dizziness, coughing, 

phlegm, and nausea. In contrast, prolonged exposure 
can increase the risk of cardiovascular diseases, res-
piratory infections, and lung cancer.

In 2012, the International Agency for Research on 
Cancer (IARC) classified DE as a Group 1 carcino-
gen based on sufficient evidence in epidemiologi-
cal studies that occupational exposure is associated 
with increased risk for lung cancer [2]. DE is also 
suspected to be linked to other cancers, including 
cancers of the bladder, larynx, hematolymphopoi-
etic system, stomach, and ovary [3-6]. However, its 
carcinogenicity in humans has not yet been fully 

Original Article

Med Lav 2024; 115 (2): e2024010
DOI: 10.23749/mdl.v115i2.15569

Received 30.12.2023 – Accepted 29.03.2024
*Corresponding Author: Paolo Boffetta; E-mail: paolo.boffetta@unibo.it



D’Agostini et al2

investigated since DE knowledge is relatively recent 
and based primarily on lung cancer studies [2].

Occupational risk factors for skin cancer include 
exposure to chemical carcinogens such as polycy-
clic aromatic hydrocarbons (PAH) and arsenic [7]. 
While there is also evidence in the scientific litera-
ture of an association between occupational expo-
sure to ionizing and solar radiation and risk of skin 
cancer [8-10], it is not yet clear if DE exposure can 
also be considered an occupational risk factor for 
skin cancer.

This systematic review and meta-analysis aimed 
to investigate the association between occupational 
exposure to DE and the risk of all types of skin can-
cer (SC), including melanoma skin cancer (MSC) 
and non-melanoma skin cancer (NMSC).

2. Methods

2.1 Identification and Selection of Studies

We carried out a systematic review and reported 
it herein following the recommendations of the 
Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) statement [11]. The 
study protocol was registered in the PROSPERO 
database (Registration No. 352729). To be included 
in the systematic review, studies had to meet the cri-
teria based on the elements of the review questions 
PECOS (Population, Exposure, Comparators, Out-
comes, Study Design) [12].

The review was restricted to industrial cohort 
studies. We included all the publications cited in 
the most recent IARC Monograph on DE [1]. Two 
authors also independently searched the PubMed 
database to include all studies reporting results on 
occupational exposure to DE and risk of any type of 
cancer other than lung cancer, reported after IARC 
publication, for which a causal association with DE 
exposure has already been established. The search 
query used the string “(diesel OR miner OR ga-
rage OR railway OR ((truck OR bus) AND driver) 
OR (heavy equipment OR docker)) AND (cancer 
OR neoplasm)” to identify industry-based studies 
on cancer among workers exposed to DE. Reports 
found in the reference lists of the articles identi-
fied in the aforementioned steps were also used to 

complement the search. When several studies based 
on the same population were published, we only 
included the most insightful one (typically, the one 
that provided the largest number of cases or fatali-
ties), and studies with modest overlap (i.e., less than 
10%) were considered independent. Finally, we ex-
cluded research that did not mention DE exposure, 
had non-occupational exposure, lacked information 
on cancers other than lung cancer, and had a differ-
ent design than cohort or case-control nested in the 
cohort.

2.2 Data Extraction

Data was collected and organized into predefined 
forms. The studies yielded the following informa-
tion: (i) sociodemographic factors; (ii) occupation 
and industry type; (iii) person-years of observation; 
(iv) type of cancer – including ICD code with ver-
sion; (v) measure of association – odds ratio (OR), 
risk ratio, rate ratio, standardized mortality ra-
tio (SMR), or standardized incidence ratio (SIR), 
henceforth referred to as relative risk (RR), and 95% 
Confidence Intervals (CI); (vi) factors adjusted for 
in the analysis; (vii) characteristics of the study pop-
ulation (e.g., number of subjects included, number 
of cases). The dataset was then categorized based 
on the type of cohort study (historical or prospec-
tive), the duration of follow-up, geographic region, 
and the outcome (incidence or mortality). If avail-
able, we also gathered data on dose-response analy-
sis for various indicators of DE exposure. However, 
there was insufficient information for the skin 
 cancer meta-analysis to provide results related to 
dose- response or specific details regarding the type 
of DE exposure in the workplace.

2.3 Statistical Analysis

The quality assessment of the studies included in 
the meta-analysis was done independently by two 
authors (GC e FT) based on the CASP checklist. 
[13] The CASP assessment was based on 11 items 
for 14 points, and the final score was given by the 
mean of the results obtained by the two authors. 
A dichotomous variable for CASP assessment was 
then generated, considering studies that scored less 
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than 10 as “low quality” and those that scored 10 or 
more as “high quality”.

A series of meta-analyses of non-overlapping 
studies were conducted to calculate pooled es-
timates with 95% CI for SC-NOS, MSC, and 
NMSC. Stratified meta-analyses by geographical 
region and quality score have also been performed. 
Further stratified analysis by outcome (incidence 
and mortality), sex, and industry type could not 
be conducted due to the small number of studies 
involved. The random-effects model described by 
Sidik and Jonkman was used for analysis. [14] RRs 
were reported with 95% CI, and p-value <0.05 was 
considered statistically significant. Additionally, we 
perform sensitivity analyses using multiple leave-
one-out meta-analyses. Study heterogeneity was 
assessed using the inconsistency index (I2 statistic 
and relative 95% CI [15]) with values of 0-30%, 
31%-60%, 61%-75%, and 76%-100%, indicating 
low, moderate, substantial, and considerable hetero-
geneity, respectively [16]. Cochran’s Q   b statistic for 
a test of group differences was used in the strati-
fied analyses [17]. Finally, we assessed publication 
bias by performing the Egger test and by visually 
inspecting the funnel plots [18] and the Galbraith 
plots [19].

All the statistical analyses were performed on 
STATA, version 17.0 (Stata Corp., College Station, 
TX, US) [20]. Meta-analyses were reported accord-
ing to the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) guidelines 
[11]. PRISMA checklist is available in Table S1.

3. results

3.1 Study Search and Study Characteristics

First, the systematic review comprised 19 papers 
that were included in the IARC monograph [2]. 
2062 articles resulted from the PubMed literature 
search to include studies published after the IARC 
monograph’s release. 1982 articles were excluded 
based on the publications’ titles and abstracts, and 
78 were excluded after reviewing the entire text. As 
a result, 9 non-overlapping reports found in the ref-
erence lists of the papers found in the previous steps 
were added to the review along with 2 new studies. 

A final number of 30 articles underwent full review, 
and 11 of them were included in the final analysis 
regarding skin cancer. Of those, 8 studies provided 
data on MSC (12 risk estimates), 5 for NMSC  
(8 risk estimates) and 3 for SC-NOS (3 risk es-
timates) (Figure 1). Six studies were performed 
in the United States, 3 in Sweden, and 1 each in 
Nordic countries combined, Canada, Denmark, 
and  Finland. Further selected characteristics of the 
studies included in the review and meta-analysis 
are presented in Table 1.

3.2 Melanoma Skin Cancer

This meta-analysis included 7 studies, corre-
sponding to 12 incidence risk estimates. The forest 
plot is shown in Figure 2. Overall, the risk of MSC 
was 0.90 (95% CI: 0.73-1.11). The leave-one-out 
meta-analysis revealed that no study had a larger 
influence on the estimation of the overall effect 
size than the others (Figure S1). The reported in-
consistency index I2 was 92.86% (95% CI: 82.83-
97.03), indicating considerable heterogeneity [16]. 
The  between-study variance τ2 is estimated to be 
0.08. The Egger test for publication bias was not 
significant (p=0.72). The corresponding funnel plot 
and Galbraith plot are reported in Figures S2 and 
Figure S3. Table 2 shows the results of the strati-
fied analyses. No significant difference was detected 
between studies with a quality score greater or equal 
to 10 and those with a quality score less than 10 
(Q   b=1.43; p=0.23). Stratified analysis by geograph-
ical region did not reveal any significant difference 
(Q   b=0.02; p=0.84).

3.3 Non-Melanoma Skin Cancer

This meta-analysis included 5 studies, corre-
sponding to 8 incidence risk estimates. The for-
est plot is shown in Figure 2. Overall, the risk of 
NMSC was 1.04 (95% CI: 0.88-1.23). The leave-
one-out meta-analysis revealed that no study had a 
larger influence on the estimation of the overall ef-
fect size compared with the others (Figure S4). The 
reported inconsistency index I2 was 60.79% (95% 
CI: 0-87.34), indicating a moderate heterogeneity 
[16]. The between-study variance τ2 is estimated to 
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not be performed since all studies were conducted 
in Europe, while stratified analysis by quality score 
did not reveal any significant difference (Q   b=1.64; 
p=0.20).

be 0.02. The Egger test for publication bias was not 
significant (p=0.65). The corresponding funnel plot 
and Galbraith plot are reported in Figures S5 and 
S6. Stratified analyses by geographical region could 

Figure 1. Flow diagram of the study selection process.
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Figure 2. Forest plot of a meta-analysis of cohort studies on occupational exposure to diesel exhaust and skin cancer.
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The Egger test for publication bias was not signifi-
cant (p=0.20). The corresponding funnel plot and 
Galbraith plot are reported in Figures S8 and S9.  
Stratified analyses by geographical region and qual-
ity score could not be performed since all studies 
were conducted in North America and had a quality 
score lower than 10.

4. dIscussIon

This systematic review and meta-analysis of cohort 
studies investigated occupational exposure to DE 
and skin cancer risk. DE contains a complex mixture 
of chemicals, including PAHs and other potentially 
carcinogenic substances such as nitroarenes, benzene 
and formaldehyde, some of which have been linked 
to hyperkeratosis and dermatitis in humans [31-
33], and to skin cancer in animal studies [34, 35].  

3.4 Skin Cancer Not Otherwise Specified

This meta-analysis included 3 studies where the 
type of skin cancer was not specified, correspond-
ing to 3 incidence risk estimates. The forest plot is 
shown in Figure 2. Overall, the risk of SC-NOS was 
0.72 (95% CI: 0.54-0.97). The leave-one-out meta-
analysis revealed that omitting the Howe GR et al. 
1983 study [21] or the Birdsey J et al. 2010 study 
[30] causes the risk estimate to be no more signifi-
cant (Figure S7). The reported inconsistency index I2 
was 26.60% (95% CI: 0-94.87). Even though the I2 
point estimate suggests low heterogeneity across the 
studies [16], the wide 95% confidence interval in-
dicates substantial uncertainty around this estimate, 
suggesting that the true level of heterogeneity could 
potentially range from minimal to considerable. The 
between-study variance τ2 is estimated to be 0.02. 

Table 2. Results of the metanalyses on the different skin cancers by geographic region and quality score.

Characteristic Number of risk estimates RR [95% CI]
Test of group

Differences Qb

MELANOMA SKIN CANCER (MSC)
Geographic region
North America  2 0.96 [0.34; 2.73] 0.02 (p = 0.84)
Europe 10 0.89 [0.74; 1.06]
Quality score
< 10  4 1.10 [0.73; 1.65] 1.43 (p = 0.23)
≥ 10  8 0.83 [0.67; 1.03]

NON-MELANOMA SKIN CANCER (NMSC)
Geographic region
North America - - -
Europe  8 1.04 [0.88; 1.23]
Quality score
< 10  4 1.18 [0.90; 1.54] 1.64 (p = 0.20)
≥ 10  4 0.96 [0.82; 1.13]

SKIN CANCER – NOT OTHERWISE SPECIFIED (SC-NOS)
Geographic region
North America  3 0.72 [0.54; 0.97] -
Europe - -

Quality score
< 10  3 0.72 [0.54; 0.97] -
≥ 10 - -
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causes, and it is crucial to acknowledge and inter-
pret the results with consideration to the distinct 
characteristics and risk factors associated with the 
two types of skin cancer. While UV exposure is a 
common risk factor for both types, MSC is often 
associated with intense, intermittent sun exposure, 
while NMSCs are linked to cumulative sun expo-
sure [41, 42]. We decided however to combine them 
in a composite outcome, together with SC-NOS, 
for several reasons. First of all, pooling data from 
all three types of skin cancer increases the sample 
size, enhancing statistical power and the ability to 
detect significant associations. It also allows for a 
comprehensive examination of overall skin cancer 
risk, providing a more global view of the impact of 
DE. Finally, the focus of our analysis is on general 
skin cancer prevention and risk factors rather than 
specific cancer types.

4.1 Strengths and Limitations

This study has several strengths. To our knowl-
edge, this is the first systematic review to investigate 
the association between occupational DE exposure 
and the risk of skin cancer. We focused on cohort 
studies since they provide higher-quality data com-
pared to case-control or cross-sectional studies. 
Also, we focused on a specific working population 
that experiences higher levels of DE exposure than 
other working groups. Moreover, data collection in-
cluded the working categories more likely to be ex-
posed to DE. Regarding the statistical methods, we 
used the Random-Effects Sidik–Jonkman model 
[14] rather than the most popular DerSimonian–
Laird method [43] due to the known tendency of 
the latter to underestimate the between-study vari-
ance τ2 when the number of studies is small [44]. 
Finally, the meta-analysis was performed following 
solid methodological guidelines, considering the 
quality of the involved studies, and testing for pos-
sible publication bias.

However, the results should be interpreted cau-
tiously, as some limitations should be acknowledged 
in addition to those inherent in meta-analyses. 
Firstly, the studies were heterogeneous in terms of 
the working population considered exposed, time 
period, and region of studies, and sample sizes were 

Individuals with prolonged occupational exposure 
to DE, such as workers in industries like transporta-
tion or mining, may experience higher levels of skin 
contact with such substances. This prolonged and 
direct exposure could contribute to an increased risk 
of skin cancer since if carcinogens penetrate the skin 
barrier, they could potentially induce DNA damage 
or other cancer-promoting effects [36, 37]. Higher 
levels of PAH biomarkers have been detected in 
non-smoking workers exposed to DE and lubricat-
ing oil, suggesting the role of skin absorption in DE 
toxicology [38].

While we found no overall association between 
occupational DE exposure and skin cancer, an in-
verse relationship between occupational DE expo-
sure and SC-NOS was suggested in site-specific 
analyses.

UV radiation is considered a skin carcinogen, 
which relates to work in the context of outdoor 
occupations [9]. However, we found evidence of a 
decreased risk of skin cancer in studies considering 
any type of SC-NOS. One might speculate that the 
reduced risk in workers exposed to DE might be re-
lated, for example, to the lack of solar exposure. It 
must be pointed out that we were not able to account 
for ultraviolet radiation exposure, and we did not 
have detailed information on the type of work activi-
ties of the populations of this meta-analysis, because 
the included studies did not report such data. More-
over, only 3 incidence risk estimates were available 
in studies with quality scores less than 10, limiting 
the power of the analysis. Also, the dispersion of true 
effect sizes addressed by the PI, which crossed the 
no-effect threshold, indicates that there are contexts 
where DE exposure has no effect or even an effect in 
the opposite direction on SC-NOS [15].

The importance of latency effects and other 
time-related factors, such as age at exposure, in de-
termining cancer risk has long been acknowledged 
[39-40]. We restricted the meta-analysis to cohort 
studies since they provide higher-quality data and 
less opportunity for bias. This choice also resulted 
in the analysis of only long-term data, reducing the 
possibility of missing incident cases in the study 
populations.

It must also be pointed out that MSC and NMSC 
differ importantly in their epidemiology and known 
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exhaust exposure and risk of non-melanoma skin 
cancer (NMSC)

 - Figure S5: Funnel plot of the analysis on occupa-
tional diesel exhaust exposure and risk of non- 
melanoma skin cancer (NMSC)

 - Figure S6: Galbraith plot of the analysis on 
 occupational diesel exhaust exposure and risk of 
non-melanoma skin cancer (NMSC)

 - Figure S7: Forest plot of the leave-one-out meta-
analysis of cohort studies on occupational diesel ex-
haust exposure and risk of skin cancer not otherwise 
specified (SC-NOS)

 - Figure S8: Funnel plot of the analysis on occupa-
tional diesel exhaust exposure and risk of skin cancer 
not otherwise specified (SC-NOS)

 - Figure S9: Galbraith plot of the analysis on occupa-
tional diesel exhaust exposure and risk of skin cancer 
not otherwise specified (SC-NOS)
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Table S1. PRISMA checklist 

Section and 
Topic 

Item 
# 

Checklist item 

Location 
where 
item is 
reported 

TITLE 

Title 1 Identify the report as a systematic review. Pag. 1 

ABSTRACT 

Abstract 2 See the PRISMA 2020 for Abstracts checklist. Pag. 1 

INTRODUCTION 

Rationale 3 Describe the rationale for the review in the context of existing knowledge. Pag. 1-2 

Objectives 4 Provide an explicit statement of the objective(s) or question(s) the review addresses. Pag. 2 

METHODS 

Eligibility 
criteria 

5 Specify the inclusion and exclusion criteria for the review and how studies were grouped for the syntheses. Pag. 2 

Information 
sources 

6 Specify all databases, registers, websites, organisations, reference lists and other sources searched or consulted to 
identify studies. Specify the date when each source was last searched or consulted. 

Pag. 2 

Search strategy 7 Present the full search strategies for all databases, registers and websites, including any filters and limits used. Pag. 2 

Selection 
process 

8 Specify the methods used to decide whether a study met the inclusion criteria of the review, including how many 
reviewers screened each record and each report retrieved, whether they worked independently, and if applicable, details 
of automation tools used in the process. 

Pag. 2 

Data collection 
process  

9 Specify the methods used to collect data from reports, including how many reviewers collected data from each report, 
whether they worked independently, any processes for obtaining or confirming data from study investigators, and if 
applicable, details of automation tools used in the process. 

Pag. 2 

Data items 10a List and define all outcomes for which data were sought. Specify whether all results that were compatible with each 
outcome domain in each study were sought (e.g. for all measures, time points, analyses), and if not, the methods used to 
decide which results to collect. 

Pag. 2 

10b List and define all other variables for which data were sought (e.g. participant and intervention characteristics, funding 
sources). Describe any assumptions made about any missing or unclear information. 

Pag. 2 

Study risk of 
bias 
assessment 

11 Specify the methods used to assess risk of bias in the included studies, including details of the tool(s) used, how many 
reviewers assessed each study and whether they worked independently, and if applicable, details of automation tools 
used in the process. 

Pag. 2-3 

Effect 
measures 

12 Specify for each outcome the effect measure(s) (e.g. risk ratio, mean difference) used in the synthesis or presentation of 
results. 

Pag. 2-3 
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Section and 
Topic  

Item 
# 

Checklist item  

Location 
where 
item is 
reported  

Synthesis 
methods 

13a Describe the processes used to decide which studies were eligible for each synthesis (e.g. tabulating the study 
intervention characteristics and comparing against the planned groups for each synthesis (item #5)). 

Pag. 2-3 

13b Describe any methods required to prepare the data for presentation or synthesis, such as handling of missing summary 
statistics, or data conversions. 

Pag. 3 

13c Describe any methods used to tabulate or visually display results of individual studies and syntheses. Pag. 3 

13d Describe any methods used to synthesize results and provide a rationale for the choice(s). If meta-analysis was 
performed, describe the model(s), method(s) to identify the presence and extent of statistical heterogeneity, and software 
package(s) used. 

Pag. 3 

13e Describe any methods used to explore possible causes of heterogeneity among study results (e.g. subgroup analysis, 
meta-regression). 

Pag. 3 

13f Describe any sensitivity analyses conducted to assess robustness of the synthesized results. NA 

Reporting bias 
assessment 

14 Describe any methods used to assess risk of bias due to missing results in a synthesis (arising from reporting biases). Pag. 3 

Certainty 
assessment 

15 Describe any methods used to assess certainty (or confidence) in the body of evidence for an outcome. NA 

RESULTS   

Study selection  16a Describe the results of the search and selection process, from the number of records identified in the search to the 
number of studies included in the review, ideally using a flow diagram. 

Fig. 1 

16b Cite studies that might appear to meet the inclusion criteria, but which were excluded, and explain why they were 
excluded. 

Fig. 1 

Study 
characteristics  

17 Cite each included study and present its characteristics. Tab. 1 

Risk of bias in 
studies  

18 Present assessments of risk of bias for each included study. Tab. 1 

Results of 
individual 
studies  

19 For all outcomes, present, for each study: (a) summary statistics for each group (where appropriate) and (b) an effect 
estimate and its precision (e.g. confidence/credible interval), ideally using structured tables or plots. 

Fig. 1 

Results of 
syntheses 

20a For each synthesis, briefly summarise the characteristics and risk of bias among contributing studies. Pag. 3-9 

20b Present results of all statistical syntheses conducted. If meta-analysis was done, present for each the summary estimate 
and its precision (e.g. confidence/credible interval) and measures of statistical heterogeneity. If comparing groups, 

Pag. 3-9 
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item is 
reported  

describe the direction of the effect. 

20c Present results of all investigations of possible causes of heterogeneity among study results. Pag. 3-9 

20d Present results of all sensitivity analyses conducted to assess the robustness of the synthesized results. Pag. 3-9 

Reporting 
biases 

21 Present assessments of risk of bias due to missing results (arising from reporting biases) for each synthesis assessed. Pag. 3-9 

Certainty of 
evidence  

22 Present assessments of certainty (or confidence) in the body of evidence for each outcome assessed. NA 

DISCUSSION   

Discussion  23a Provide a general interpretation of the results in the context of other evidence. Pag. 9 

23b Discuss any limitations of the evidence included in the review. Pag. 10 

23c Discuss any limitations of the review processes used. Pag. 10 

23d Discuss implications of the results for practice, policy, and future research. Pag. 9-10 

OTHER INFORMATION  

Registration 
and protocol 

24a Provide registration information for the review, including register name and registration number, or state that the review 
was not registered. 

Pag. 2 

24b Indicate where the review protocol can be accessed, or state that a protocol was not prepared. Pag. 2 

24c Describe and explain any amendments to information provided at registration or in the protocol. NA 

Support 25 Describe sources of financial or non-financial support for the review, and the role of the funders or sponsors in the 
review. 

Pag. 10 

Competing 
interests 

26 Declare any competing interests of review authors. Pag. 11 

Availability of 
data, code and 
other materials 

27 Report which of the following are publicly available and where they can be found template data collection forms; data 
extracted from included studies; data used for all analyses; analytic code; any other materials used in the review. 

Pag. 10 

 
From:  Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. BMJ 2021;372:n71. doi: 10.1136/bmj.n71 



Figure S1. Forest plot of the leave-one-out meta-analysis of cohort studies on occupational diesel exhaust exposure and 

risk of melanoma skin cancer (MSC) 

 

 

 

Figure S2. Funnel plot of the analysis on occupational diesel exhaust exposure and risk of melanoma skin cancer (MSC) 

 

 



Figure S3. Galbraith plot of the analysis on occupational diesel exhaust exposure and risk of melanoma skin cancer (MSC) 

 

 

Figure S4. Forest plot of the leave-one-out meta-analysis of cohort studies on occupational diesel exhaust exposure and 

risk of non-melanoma skin cancer (NMSC) 

 



Figure S5. Funnel plot of the analysis on occupational diesel exhaust exposure and risk of non-melanoma skin cancer 

(NMSC) 

 

 

Figure S6. Galbraith plot of the analysis on occupational diesel exhaust exposure and risk of non-melanoma skin cancer 

(NMSC) 

 



Figure S7. Forest plot of the leave-one-out meta-analysis of cohort studies on occupational diesel exhaust exposure and 

risk of skin cancer not otherwise specified (SC-NOS) 

 

 

 

 

Figure S8. Funnel plot of the analysis on occupational diesel exhaust exposure and risk of skin cancer not otherwise 

specified (SC-NOS) 

 

 



Figure S9. Galbraith plot of the analysis on occupational diesel exhaust exposure and risk of skin cancer not otherwise 

specified (SC-NOS) 
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1. INtROdUctION

Cholangiocarcinoma (CC) is a malignant tumor 
that arises from biliary epithelium at any portion of 
the bile duct system and represents the second most 
common primary liver malignancy. CC are com-
monly divided into intrahepatic (ICC) and extra-
hepatic (ECC) forms (including perihilar and distal 

CC) [1]. These two forms differ in terms of risk fac-
tors, incidence and clinical presentation [2]. 

Although the incidence of ECC was stable or de-
creased in the last decades in Nordic Countries [3], 
an increase in the incidence of ICC was reported in 
the majority of countries worldwide [4]. In 2003-
2017 in Italy, the average annual incidence rate for 
ICC was 1.8 and 1.1 per 100,000 person-years in 

 1Institute for Cancer Research, Prevention and Clinical Network (ISPRO), Florence, Italy
 2Department of Medical Area (DAME), University of Udine, Udine, Italy
 3Department of Medical Sciences, University of Trieste, Trieste, Italy
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ABstRAct
Background: Recent studies supported the association between occupational exposure to asbestos and risk of cholan-
giocarcinoma (CC). Aim of the present study is to investigate this association using an update of mortality data from 
the Italian pooled asbestos cohort study and to test record linkage to Cancer Registries to distinguish between hepato-
cellular carcinoma (HCC) and intrahepatic/extrahepatic forms of CC. Methods: The update of a large cohort study 
pooling 52 Italian industrial cohorts of workers formerly exposed to asbestos was carried out. Causes of death were 
coded according to ICD. Linkage was carried out for those subjects who died for liver or bile duct cancer with data on 
histological subtype provided by Cancer Registries. Results: 47 cohorts took part in the study (57,227 subjects). We 
identified 639 causes of death for liver and bile duct cancer in the 44 cohorts covered by Cancer Registry. Of these 639, 
240 cases were linked to Cancer Registry, namely 14 CC, 83 HCC, 117 cases with unspecified histology, 25 other 
carcinomas, and one case of cirrhosis (likely precancerous condition). Of the 14 CC, 12 occurred in 2010-2019, two 
in 2000-2009, and none before 2000. Conclusion: Further studies are needed to explore the association between 
occupational exposure to asbestos and CC. Record linkage was hampered due to incomplete coverage of the study areas 
and periods by Cancer Registries. The identification of CC among unspecific histology cases is fundamental to establish 
more effective and targeted liver cancer screening strategies.
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men and women, respectively [5]. In 2008-2012 in 
the same country, the age-standardised incidence 
rate of ICC was higher than ECC with a ratio of 
1.2:1 [6]. 

In Italy, an increase of ICC mortality from 
0.01 per 100,000 person-years in 1980 to 0.59 per 
100,000 person-years in 2003 was reported [7]. In 
2010-2014, age-standardised mortality rates from 
ICC reached the value of 1.00 per 100,000 person-
years for men and 0.67 per 100,000 person-years 
for women [8]. Moreover, a slightly uptrend in sur-
vival from ICC has been reported in 2003-2017 [5]. 
With respect to ECC, mortality rates increased in 
the period 1980-1994, however a decreasing trend 
from 1995 to 2003 has been detected [7]. In 2010-
2014, age-standardised mortality rates for ECC 
were 0.21 and 0.13 per 100,000 person-years in men 
and women, respectively [8].

Known/putative risk factors for CC include viral 
hepatitis B and C, liver fluke infections (e.g., Clonor-
chis sinensis, Opistorchis viverrini), primary sclerosing 
cholangitis, cholelithiasis/choledocholithiasis, hepato-
lithiasis, liver cirrhosis, non-alcoholic steatohepatitis, 
congenital/inherited conditions, personal habits like 
heavy alcohol consumption, cigarette smoking, and 
conditions such as obesity [9]. Despite this, in Western 
Countries about 50% of CC cases arise ‘de novo’ and 
no known risk factors are identified [10]. 

Recent cohort studies investigated the role of oc-
cupational exposure to chemical substances and risk of 
CC [11-13]. An increased risk for CC was found in 
printing workers exposed to 1,2-dichloropropane and/
or dichloromethane [11-12].

The putative association of CC with occupational/
environmental exposure to asbestos was investigated as 
well [14]. A case-control study reported a fourfold in-
creased risk of ICC among ever exposed at work com-
pared with never exposed (adjusted Odds Ratio [OR] 
4.8, 95% Confidence Interval [95%CI] 1.7–13.3) [15]. 
Suggestive evidence that asbestos exposure might be 
associated with ECC was also observed [15]. A nested 
case-control study in the Nordic Occupational Cancer 
(NOCCA) cohort reported an increased risk of ICC 
with cumulative exposure to asbestos (≥15.0 f/mL × 
years vs never exposed: OR 1.7, 95%CI 1.1-2.6) [16]. 
Furthermore, a recent study carried out on ICC pa-
tients classified in small duct (sd-ICC) and large duct 

morphological subtypes (ld-ICC) suggested that sd-
ICC might be more frequently associated to asbestos 
exposure than ld-ICC [17].

How asbestos inhaled or ingested fibres may reach 
the biliary tract is still an open question. It can be 
hypothesized that asbestos fibres might reach the 
bloodstream through the pulmonary and the portal 
lymphatic system [18-19]. In the liver, asbestos fibres 
might be trapped in Hering’s channels and the termi-
nal bile ductules, where they may cause direct damage 
on stem cell niche. At the same time, asbestos fibres 
may act indirectly, causing prolonged chronic inflam-
mation in the same environment [20-21]. Of note, 
two recent studies detected the presence of asbestos 
fibres in the biliary tree/gallbladder and CC specimens 
of patients living in a highly polluted area [18, 22].

The aim of the present study is to investigate the 
association between occupational exposure to asbestos 
and risk of CC using an update of mortality data from 
the Italian pooled cohort study of workers formerly 
exposed to asbestos [23] and to test record linkage to 
Cancer Registries to distinguish between hepatocel-
lular carcinoma (HCC) and ICC/ECC forms.

2. MethOds

This study is based on the update of a large cohort 
study pooling 52 Italian industrial cohorts of for-
mer exposed to asbestos including a cohort of wives 
of asbestos cement workers and a cohort of Italian 
crocidolite miners in Australia [23]. In 2015, the 
pooled cohort study consisted of 43 cohorts mainly 
involved in asbestos cement industry, rolling stock 
construction and maintenance, and shipbuilding 
[24-29]. 

The update of the follow-up of the pooled cohort 
study was carried out based on the following steps: 
i) vital status and cause of death were ascertained 
through local Registrar’s Offices; ii) in the case of 
decedents, local Registrar’s Offices or Local Health 
Authority Registries of Causes of Death provided 
the cause of death, coded according to the Inter-
national Classification of Disease (ICD, 8th, 9th 
and 10th revisions); and iii) the coordinating unit 
pooled the information of the different cohorts, 
including gender, date of birth, vital status, date of 
 follow-up (either date of death for decedents or date 
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were eligible for the study. In areas with no Can-
cer Registry coverage, a record linkage with hospital 
discharge records (HDR) was considered. This was 
the case of the three cohorts located in the province 
of Bologna, where the record linkage was performed 
using HDR classifying primary or concomitant di-
agnoses using ICD codes. 

Standardized mortality ratios (SMR) were calcu-
lated according to causes of death for: i) liver and 
intrahepatic bile duct cancer; and ii) gallbladder and 
extrahepatic bile duct cancer [32]. For those cohorts 
included in the present study, workers contributed 
until their most recent date of observation. Age-, 
period-, sex-, region- and cause-specific rates were 
used as reference rates. Mortality rates for each re-
gion in which cohorts are located were used. The 
National Institute of Health (Istituto Superiore di 
Sanità, ISS) provided the set of rates based on mor-
tality and population data (available since 1970) as 
supplied by the National Institute of Statistics (Isti-
tuto Nazionale di Statistica, ISTAT). Consequently, 
analyses were restricted to person-years and events 
occurring after January 1st, 1970. Confidence in-
tervals for SMRs were calculated according to the 
Poisson distribution of observed deaths at the 95% 
confidence value (95%CI) [32]. An alpha error of 
0.05 was accepted. Analyses were carried out using 
OCMAP-plus cohort analysis program [33] and 
SAS 9.4 (SAS Institute Inc., USA). 

3. ResUlts

The update of the pooled cohort study consisted 
of 52 Italian industrial cohorts formerly exposed to 
asbestos. Of these, 47 participated in the study, in-
cluding 44 cohorts established in an area covered by 
Cancer Registry and three located in the province 
of Bologna (i.e. Casaralta, Derbit, Officina Grandi 
Riparazioni). These 47 cohorts included 57,227 sub-
jects (89.6% men, n=51,252). The description of the 
included cohorts along with Cancer Registries cov-
erage is reported in Table 1. There is an overlap be-
tween cohorts and Registries, that is far from being 
complete both in time and in space. For instance, 
for Piedmont the largest cohorts (i.e. Eternit and 
wives of Eternit workers) were not located in an area 
covered by Cancer Registry. The vast majority of the 

of the most recent observation for alive/lost sub-
jects), cause of death for decedents, start/end date 
of each period of employment. For the different co-
horts, the date of follow-up varied according to the 
most recent available update of mortality data and 
was comprised between 2018 and 2021 [23].

For the present study, we intended to identify 
those CC cases arising from the pooled cohort study 
in order to distinguish between HCC and CC and 
to further classify CC into ICC or ECC forms. 
Considering that the cause of death regarding liver/
biliary tract neoplasms could be misclassified or clas-
sified with three-digit ICD codes, an attempt was 
made to perform a linkage for those subjects who 
died for liver or bile duct cancer with data on histo-
logical subtype provided by Cancer Registries. The 
linkage procedures were carried out by each Cancer 
Registry according to a deterministic approach based 
on the following variables: name, surname, date and 
place of birth. These procedures were performed for 
any subjects enrolled in the study independently of 
spatio-temporal coverage of Cancer Registry. Each 
Cancer Registry forwarded the anonymised data to 
the coordinating unit including date of incidence, 
morphology and topography code. 

The study included the following causes of death 
coded according to ICD codes, namely: i) 155 (Ma-
lignant neoplasm of liver and intrahepatic bile ducts, 
specified as primary) and 156 (Malignant neoplasm 
of gallbladder and bile ducts) for ICD-8; ii) 155 
(Malignant neoplasm of liver and intrahepatic bile 
ducts) and 156 (Malignant neoplasm of gallbladder 
and extrahepatic bile ducts) for ICD-9; and iii) C22 
(Malignant neoplasm of liver and intrahepatic bile 
ducts), C23 (Malignant neoplasm of gallbladder), 
and C24 (Malignant neoplasm of other and un-
specified parts of biliary tract) for ICD-10. Whereas 
possible, four-digit ICD codes were used. 

The histological subtype groupings provided by 
Cancer Registries were based on the International 
Classification of Diseases for Oncology, third edi-
tion (ICD-O-3) morphology codes or earlier edi-
tions [30]. Cancer classification was made according 
to the European Network of Cancer Registries Rec-
ommendations [31].

For the present purpose, only a subset of cohorts 
established in an area covered by Cancer Registries 
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unspecified histology (i.e. no morphology informa-
tion available) and 25 carcinomas other than CC or 
HCC. Of note, one case of cirrhosis was identified 
(likely a precancerous condition considering that 
data retrieved from Cancer Registry were dated two 
months before the date of death). The classification 
of the 240 cases identified in the 44 cohorts covered 
by Cancer Registry according to ICD-O and calen-
dar period is reported in Table 4. 

No cases of CC were reported before 2000. Two 
ICC were identified in 2000-2009, while seven ICC, 
one ECC and four CC were reported in 2010-2019. 
The proportion of HCC was about one-third across 
the three time periods. 

The description of the 14 cases of CC identified 
in the 44 cohorts covered by Cancer Registry is re-
ported in Table 5. 

These 14 cases of CC were characterised by: i) 
mean age of 72.9±10.7 years (range 58-89); ii) aver-
age of time since first exposure (TSFE) of 45.4±10.7 
years (range 30-70); and iii) mean duration of expo-
sure of 18.1±8.6 years (range 2-34). Out of 14 cases, 
13 were men. A subgroup of 21 cases with unspeci-
fied histology and with topography codes referring 
to bile ducts showed the same characteristics as 
those experienced by these 14 CC cases (Supple-
mentary Table 2). In the three cohorts established 
in the province of Bologna, we identified 59 causes 
of death for liver and bile duct cancer (Table 2). Of 
these, 20 cases were linked to HDR data (either as 
primary or concomitant disease). The description of 
the findings is reported in Table 6.

included cohorts were involved in asbestos cement 
industry (n=19, 40.4%), rolling stock construction 
and maintenance (n=12, 25.5%), and shipyard/
harbour (n=6, 12.8%). We identified 639 causes of 
death for liver and bile duct cancer in the 44 cohorts 
covered by Cancer Registry along with 59 cases 
identified in the three cohorts located in the prov-
ince of Bologna (Table 2). 

On the basis of the causes of death identified in 
the 47 cohorts, mortality for ‘liver and intrahepatic 
bile duct cancer’ did not increase (men: SMR 1.02, 
95%CI 0.94-1.11; women SMR 0.98, 95%CI 0.68-
1.35) as well as for ‘gallbladder and extrahepatic bile 
duct cancer’ (men: SMR 0.93, 95%CI 0.76-1.14; 
women: SMR 1.02, 95%CI 0.65-1.53).

Of the 639 causes of death referring to the 44 
cohorts established in an area covered by Cancer 
Registry, 240 cases were identified by record linkage 
(Table 2). The proportion of cases identified by re-
cord linkage increased with Cancer Registry cover-
age 22.8% before 2000, 44.9% in 2000-2009, and 
62.7% in 2010-2019. This was expected considering 
the increasing coverage of Cancer Registries as de-
scribed in Table 1. 

The site (topography) and the histology (mor-
phology) of the 240 liver/biliary tract neoplasms 
linked to registry data were reported in Table 3. 

Fourteen CC were identified, namely nine ICC, 
one ECC, one neoplasm involving both intrahe-
patic and extrahepatic bile ducts, and three cases 
not further classified. 83 HCC were present as well. 
In addition to that, we observed 117 cancers with 

Table 2. Causes of death for liver and bile duct cancer in the 47 cohorts participating in the study (44 cohorts covered by 
Cancer Registry and three located in the province of Bologna) by calendar period.

Causes of death for liver and bile duct cancer*
44 cohorts, N=639 3 cohorts, N=59

Cancer Registry, n (%) HDR, n (%)

<2000 2000-2009 2010-2019 Total <2000 2000-2009 2010-2019 Total
Cases identified by 
record linkage

73 (22.8) 83 (44.9) 84 (62.7) 240 (37.6) 5 (17.2) 12 (60.0) 3 (30.0) 20 (33.9)

Cases not identified 
by record linkage

247 (77.2) 102 (55.1) 50 (37.3) 399 (62.4) 24 (82.8) 8 (40.0) 7 (70.0) 39 (66.1)

*ICD-8 codes: 155 and 156; ICD-9 codes: 155 and 156; and ICD-10 codes: C22, C23 and C24.
Abbreviations: HDR, Hospital Discharge Records.
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Table 4. Classification of the 240 cases identified in the 44 cohorts covered by Cancer Registry according to ICD-O and 
calendar period.

Cases identified by Cancer Registry linkage (N=240)
<2000, n (%) 2000-2009, n (%) 2010-2019, n (%) Total, n (%)

Classification
ICC 0 (0.0) 2 (2.4) 7 (8.3) 9 (3.7)
ECC 0 (0.0) 0 (0.0) 1 (1.2) 1 (0.4)
CC 0 (0.0) 0 (0.0) 4 (4.8) 4 (1.7)
HCC 24 (32.9) 29 (34.9) 30 (35.7) 83 (34.6)
Other carcinomas 11 (15.1) 6 (7.2) 8 (9.5) 25 (10.4)
Unspecified 38 (52.0) 45 (54.2) 34 (40.5) 117 (48.8)
Cirrhosis 0 (0.0) 1 (1.2) 0 (0.0) 1 (0.4)
Abbreviations: ICD-O, International Classification of Diseases for Oncology; CC, cholangiocarcinoma; ECC, extrahepatic cholan-
giocarcinoma; HCC, hepatocellular carcinoma; ICC, intrahepatic cholangiocarcinoma; Other carcinoma, all other specific morphology 
codes; Unspecified, unspecified histology (no morphology information available). 

4. dIscUssION

The present study includes 47 Italian cohorts of 
asbestos workers and is based on the update of a 
larger cohort study pooling 52 cohorts of workers 
formerly exposed to asbestos. This exploratory study 
was aimed to investigate the association between 
occupational exposure to asbestos and risk of CC 
and to distinguish between HCC and ICC/ECC 
performing a record linkage for those subjects who 
died for liver or bile duct cancer with data on histo-
logical subtype provided by Cancer Registry. 

Considering the causes of death identified in the 
47 cohorts, we did not find an excess mortality for 
‘liver and intrahepatic bile duct cancer’ (SMR 1.02, 
95%CI 0.94-1.11 and SMR 0.98, 95%CI 0.68-1.35 
for men and women, respectively). To be noted that 
these estimates combined causes of death mainly 
from HCC and ICC that reported different trends 
in incidence and mortality. For that purpose, a re-
cord linkage to Cancer Registries was carried out.

We identified 14 CC in the 44 cohorts cov-
ered by Cancer Registry. Most of these (12 out of 
14) emerged in the last decade (2010-2019). The 
HCC:CC ratio in 2010-2019 was about 2.6:1, far 
from an expected 8:1 as reported by Mancini et al 
[5]. Of note, a subgroup of 21 cases with unspeci-
fied histology and with topography codes referring 
to bile ducts reported the same characteristics of the 

aforementioned cases of CC such as frequent occur-
rence in the last 12 years, older age (mean, 79.3±8.7 
years), and long TSFE (Supplementary Table 2).

More than 60% of cases with causes of death 
for liver and bile duct cancer were not identified 
by record linkage. This result by no means can be 
taken as an evaluation of the quality of death cer-
tification; this was rather expected since the over-
lap between Cancer Registries and cohorts in the 
present study was far from complete, both in time 
and in space, as shown in Table 1. Main reasons 
for this were related to deaths occurred before the 
establishment of the registry/HDR, and to partial 
spatio-temporal coverage. Therefore, this prelimi-
nary experience cannot be taken as an evaluation 
of quality of cohort follow-up or causes of death 
classification. It is worth noting that the propor-
tion of cases identified by record linkage increased 
with calendar period (i.e. more than 60% in the 
last decade) with a peak of 94% in 2015 (15 out 
of 16 cases were identified by Cancer Registry). To 
be underlined that the observed heterogeneity in 
Cancer Registry coverage limited the identification 
of cases with causes of death for liver and bile duct 
cancer, especially for those cases occurred more 
than 20 years ago. This precluded the identification 
of those cases of liver cancer arose from the pooled 
cohort study in the past and their further classifica-
tion into HCC and CC.
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were too limited to evaluate the causal association 
between occupational exposure to asbestos and risk 
of CC. This pooled cohort study of asbestos workers 
has sufficient theoretical statistical power to study 
a rare disease like CC [35], but the overlap with 
Cancer Registries was too limited to evaluate all the 
cases notified by causes of death.

Recently, Mancini et al described the trends in 
liver cancer incidence in Italy using Cancer Reg-
istries data [5]. This study showed an increasing 
trend for ICC incidence along with a downward 

For those cases identified by Cancer Registry, the 
vast majority (about 60%) reported cancers with un-
specified histology and carcinomas other than CC 
or HCC. Therefore, for nearly 85% of cases, we were 
not able to distinguish between the two most com-
mon histological subtypes of liver cancer (i.e. HCC 
and CC) and this is relevant considering that these 
two forms differ in terms of aetiology and epidemi-
ology [5,34]. 

This preliminary linkage study was aimed to 
identify cases of CC; however, the absolute numbers 

Table 6. Causes of death for liver and bile duct cancer in the three cohorts of the province of Bologna linked to hospital dis-
charge records (HDR)

Cases identified 
by HDR linkage, 

N=20
HDR

Causes of death* n (%) ICD code Primary/concomitant 
diagnosis n

ICD-9
155.0-Malignant neoplasm 
of liver, primary

11 (55.0) 155.0-Malignant neoplasm 
of liver, primary

Primary 5
Concomitant 2

155.1-Malignant neoplasm 
of intrahepatic bile ducts

Primary 1

155.2-Malignant neoplasm 
of liver, not specified as primary 
or secondary

Primary 3

155.1-Malignant neoplasm 
of intrahepatic bile ducts

1 (5.0) 155.2-Malignant neoplasm 
of liver, not specified as primary 
or secondary

Concomitant 1

155.2-Malignant neoplasm 
of liver, not specified as primary 
or secondary

3 (15.0) 155.0-Malignant neoplasm 
of liver, primary

Primary 2
Concomitant 1

156.0-Malignant neoplasm 
of gallbladder

1 (5.0) 156.0-Malignant neoplasm 
of gallbladder

Primary 1

156.1-Malignant neoplasm 
of extrahepatic bile ducts

1 (5.0) 156.1-Malignant neoplasm 
of extrahepatic bile ducts

Primary 1

ICD-10
C22.0-Liver cell carcinoma 3 (15.0) 155.0-Malignant neoplasm 

of liver, primary
Primary 2

155.2-Malignant neoplasm 
of liver, not specified as primary 
or secondary

Primary 1

*Causes of death for liver and bile duct cancer coded according to ICD codes: ICD-8 codes: 155 and 156; ICD-9 codes: 155 and 156; 
and ICD-10 codes: C22, C23 and C24.
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to provide more reliable incidence data; however, it 
would not help differentiate HCC and ICC for the 
purpose of causality assessment. 

Some methodological considerations need to be 
addressed in addition to those relating to record 
linkage, already mentioned above. There is high 
variability in data quality for liver cancer from 
population-based cancer registries; high variability 
was shown also by coding of CC [37]. Changes 
in ICD-O classification over time have resulted 
in some misclassification of ICC and ECC. For 
instance, in 2000 the ICD-O-3 allows Klatskin 
tumours to be cross-referenced to either ICC 
(C22.1) or ECC (C24.0) [30]. Misclassification 
might also have occurred considering that it is not 
recommended to perform a biopsy in case of ad-
verse clinical conditions of the patient, while the 
ENCR recommendations dissuaded to use specific 
morphological codes without microscopic confir-
mation [31]. 

Italy as well as other countries with high socio-
demographic index have been characterised by 
unfavourable trend of liver cancer driven by uniden-
tified factors other than HBV, HCV, and alcohol 
consumption [38]. These along with differences in 
terms of aetiology and epidemiology of HCC, ICC 
and ECC should be taken into account for future 
investigations considering the potential role of as-
bestos exposure as well. 

A variety of non-occupational risk factors con-
tributed to the onset of CC [9]. No data on per-
sonal habits and medical conditions of the subjects 
included in the pooled cohort study were available. 
Alcohol drinking, smoking habits, and other liver 
diseases might play a role in the development of CC. 
These confounders are more common among sub-
jects with low socio-economic status [39-41] like 
workers formerly exposed to asbestos. This might 
overestimate the risk of CC in our cohort. However, 
in a recent case-control study on CC and asbestos, 
Brandi et al reported slightly higher estimates (ad-
justed for smoking status and socioeconomic class) 
than those reported in the univariate analysis [15].

Occupational risk factors other than asbestos 
might be considered as well. IARC classified 1,2-di-
chloropropane and dichloromethane in Group 
1 (carcinogenic to humans) and 2A (probably 

and opposite trend for HCC. Moreover, the pro-
portion of “other carcinomas and unspecified neo-
plasia types” out of all the cases of liver/bile duct 
neoplasms was 44% in men and 54% in women for 
2003-2017. These figures were roughly in line with 
those reported in the present study. The proportion 
of ICC increased over the years (see Table 4). On 
the other hand, the proportion of HCC was stable 
across the three time periods. The majority of the 
cases identified by Cancer Registry linkage were 
other carcinomas/cases with unspecified histology. 
A global comparison of population-based cancer 
registry data reported that the proportion of un-
specified histology cases of liver cancer ranged from 
the lowest levels in North America (6.2% of the to-
tal liver cases in men, 8.3% in women) to the high-
est levels in Southern Europe (40.5% and 48.8% in 
men and women, respectively) [34].

In high-income countries diagnosis of HCC 
and ICC through microscopic verification has de-
creased in favour of the use of ultrasound, com-
puted tomography, and MRI imaging [36]. To 
some extent, this helps explaining the high propor-
tion of unspecific histology cases in our study. This 
issue is related not only to the correct classifica-
tion of ICC/ECC and HCC of “observed” cases, 
but also to the “expected” cases for each histological 
subtype. In fact, considering that only microscopi-
cally verified cases are counted for incidence and 
mortality estimates of histological subtypes of pri-
mary liver cancer, the burden of these diseases is 
widely underestimated.

To further address causality issues, other ap-
proaches should be taken into account such as 
case-control analysis and reevaluation of cases. For 
instance, cases with unspecified histology (i.e. no 
microscopic verification available) should be reeval-
uated by clinicians and pathologists based on hospi-
tal medical records along with imaging in order to 
differentiate the diagnosis of ICC, ECC, HCC, and 
other neoplasms. Clinical data, imaging together 
with microscopic verification should be considered 
to establish an accurate diagnosis. 

In the framework of descriptive studies, it was 
suggested to reallocate the unspecific histology 
cases to HCC and ICC according to their rela-
tive proportion [34]. This scenario could be useful 
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[2] Ferrante D, Mirabelli D, Silvestri S, et al. Mortality and mesothelioma incidence 
among chrysotile asbestos miners in Balangero, Italy: A cohort study. Am J Ind Med. 2020 
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Eternit [3] [3] Magnani C, Ferrante D, Barone-Adesi F, et al. Cancer risk after cessation of asbestos 
exposure: a cohort study of Italian asbestos cement workers. Occup Environ Med. 2008 
Mar;65(3):164-170.

SACA [4] [4] Ferrante D, Bertolotti M, Todesco A, et al. Mortality among asbestos cement 
workers:the cohort of the S.A.C.A. plant in Cavagnolo (Italy). Biomedical Statistics and 
Cancer Epidemiology 2008; 2:171-177.

Wives of Eternit workers [5] [5] Ferrante D, Bertolotti M, Todesco A, et al. Cancer mortality and incidence of 
mesothelioma in a cohort of wives of asbestos workers in Casale Monferrato, Italy. 
Environ Health Perspect 2007;115:1401-5.

Fibronit [6] [6] Oddone E, Ferrante D, Cena T, et al. [Asbestos cement factory in Broni (Pavia, Italy): 
a mortality study]. Med Lav 2014;105:15-29.

Cantieri Navali Genova [7] [7] Merlo DF, Bruzzone M, Bruzzi P, et al. Mortality among workers exposed to 
asbestos at the shipyard of Genoa, Italy: a 55 years follow-up. Environ Health. 2018 Dec 
29;17(1):94.

Edilit [8] [8] Fedeli U, Fadda P, Paruzzolo P, et al. Studio prospettico di mortalità per tumori in 
una coorte di esposti a cemento asbesto. G Ital Med Lav Erg 2004, 26 (4 Suppl):227.

Officine di Cittadella [9,10] [9] Simonato L, Tessari R, Canova C. [Controversy unsupported by data]. Med Lav. 
2004;95:412-413.
[10] Tessari R, Canova C, Simonato L. [Epidemiological investigation on the health 
status of employees in two factories manufacturing and repairing railway rolling stock: a 
historical perspective study of mortality]. Med Lav 2004;95:381-391.

Officine Meccaniche della 
Stanga [9,10]

[9] Simonato L, Tessari R, Canova C. [Controversy unsupported by data]. Med Lav. 
2004;95:412-413.
[10] Tessari R, Canova C, Simonato L. [Epidemiological investigation on the health 
status of employees in two factories manufacturing and repairing railway rolling stock: a 
historical perspective study of mortality]. Med Lav 2004;95:381-391.

Artclit, Cemental, Cemiant, 
Fibrotubi, ICAR Eternit, 
Itamiant, Sidercam, Uprocem, 
Maranit, Superlit [11]

[11] Luberto F, Amendola P, Belli S, et al. Studio di mortalità degli addetti alla 
produzione di manufatti in cemento amianto in Emilia-Romagna [Mortality 
study of asbestos cement workers in Emilia-Romagna]. Epidemiol Prev. 2004 
Jul-Oct;28(4-5):239-246.

Casaralta [12] [12] Pavone VL, Scarnato C, Marinilli P, et al. Mortalità in una coorte di addetti alla 
costruzione e riparazione di carrozze ferroviarie in un’azienda di Bologna [Mortality in 
a cohort of railway Rolling stockuction and repair workers in Bologna]. Med Lav. 2012 
Mar-Apr;103(2):112-122.

Derbit [13] [13] Zanardi F, Salvarani R, Cooke RM, et al. Carcinoma of the pharynx and tonsils in 
an occupational cohort of asphalt workers. Epidemiology. 2013;24(1):100-3.

Breda [14] [14] Gasparrini A, Pizzo AM, Gorini G, et al. Prediction of mesothelioma and lung 
cancer in a cohort of asbestos exposed workers. Eur J Epidemiol. 2008;23(8):541-546.
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Company or cohort name References
Fibronit [15] [15] Raffaelli I, Festa G, Seniori Costantini A, et al. Studio sulla mortalità degli addetti 

alla produzione in un’azienda di manufatti in cemento amianto a Carrara, Italia. Med Lav 
2007; 98: 156-163.

Santa Lucia [16] [16] Fedi A, Blagini B, Melosi A, et al. Ricostruzione dell’esposizione, studio di 
mortalità della coorte di lavoratori e intervento sugli ex-esposti ad amianto di una 
azienda metalmeccanica [Assessment of asbestos exposure, mortality study, and health 
intervention in workers formerly exposed to asbestos in a small factory making drying 
machines for textile finishing and the paper mill industry in Pistoia, Italy]. Med Lav. 
2005 May-Jun;96(3):243-249.

Sacelit [17,18] [17] Fazzo L, Cernigliaro A, De Santis M, et al. Occupational cohort study of 
asbestos-cement workers in a contaminated site in Sicily (Italy). Epidemiol Prev. 2020 
Mar-Jun;44(2-3):137-144.
[18] Fazzo L, Nicita C, Cernigliaro A, et al. Mortalità per cause asbesto-correlate e 
incidenza del mesotelioma fra i lavoratori del cemento-amianto di San Filippo del Mela 
(Messina) [Mortality from asbestos-related causes and incidence of pleural mesothelioma 
among former asbestos cement workers in San Filippo del Mela (Sicily)]. Epidemiol Prev. 
2010 May-Jun;34(3):87-92.

Australian Blue asbestos [19] [19] Merler E, Ercolanelli M, de Klerk N. [Identification and mortality of Italian 
emigrants returning to Italy after having worked in the crocidolite mines at Wittenoon 
Gorge, Western Australia]. Epidemiol Prev 2000;24:255-256.
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