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Editorial

Refining canine experimental protocols 
Laura Ricceri1, Federica Pirrone2, Stella Falsini1 and Enrico Alleva1

1Centro di Riferimento per le Scienze Comportamentali e la Salute Mentale, Istituto Superiore di Sanità, 
Rome, Italy
2Dipartimento di Medicina Veterinaria e Scienze Animali, Università degli Studi di Milano, Milan, Italy

Italy, and in particular the Istituto Superiore di Sanità 
(ISS), which has long represented a national reference 
point for animal experimentation, addressed the issue of 
regulating animal testing by initially implementing the 
European Directive 86/609/EEC (1986) [1-3]. When 
this Directive was adopted [4], unfortunately only in 
1992, a further restriction was introduced [5], or rather 
a special legislative pathway was defined, for animal 
species considered vulnerable in terms of extinction risk 
(e.g., vulnerable, endangered, rare, near-extinct species, 
etc.). This pathway incorporated the classification of 
the Convention on International Trade in Endangered 
Species of Wild Fauna and Flora (CITES, https://cites.
org/) into national legislation. In March 2014, four 
years after the new European Directive on protection 
of animals used for scientific purposes had been issued 
[2, 6], new national legislation [7] modified the crite-
ria and evaluation grid for research projects. The ISS 
remains actively engaged in promoting procedural and 
methodological ameliorations in 3Rs principles [8-11].

Over time, behavioural sciences and veterinary 
ethology at the international level have progressively 
developed refined methods for assessing psychophysi-
cal well-being, particularly in dogs, a species that was 
widely used in experimental research in the past. For 
many years now, legislation requires that, in addition to 
traditional model species (rats, mice, hamsters, quick-
ly joined by zebrafish, etc.), a “non-rodent species” 
be included at the regulatory level. This requirement 
originates from the well-known thalidomide accident, 
in which pregnant women treated with the antiemetic 
drug experienced severe teratogenic effects in their fe-
tuses. In fact, insufficient toxicological assessment in 
the rodent species used at the time to detect adverse 
effects before administration to human beings failed to 
reveal such outcomes due to absence of proper prenatal 
treatment evaluations, and to interspecific differences 
in metabolic processes [12].  

At the end of this Editorial, aimed at refining the 
use of dogs in experimental settings, we provide a se-
lective list of reference articles illustrating the progres-
sive improvement of methodologies related to specific 
procedures (e.g., urine collection). Finally, we conclude 
with some helpful suggestions for adhering to the es-
tablished 3Rs Principle, even at the international level.

Training laboratory animals has been widely recog-
nised as critically important for biological sample collec-
tion, as it allows a substantial reduction in the reliance 
on forced manual restraint, which can rapidly induce 
aversion and stress responses, as well as on chemical re-
straint. Indeed, the induction of anesthesia or repeated 
pharmacological sedation may significantly alter physi-
ological, endocrine, and immunological parameters, 
thereby introducing confounding variables that can ul-
timately affect study outcomes. By promoting voluntary 
cooperation through reward-based training, sample col-
lection procedures can be performed more efficiently, 
with improved animal welfare and enhanced reliability 
of the collected data [13, 14].

In this context, it has long been established that, both 
in cognitive assessment and in routine experimental or 
veterinary procedures, reward-based training paradigms 
are significantly more effective than aversion-based ap-
proaches in many species, including dogs, cats and non-
human primates (who are subject to the most rigorous 
preventive control).  

Reward-based methods are associated with improved 
learning performance, reduced stress responses, and 
more stable behavioural and physiological outcomes, 
whereas aversion-based techniques are linked to in-
creased fear, pessimistic bias, impaired learning ability, 
and compromised welfare [15].  In support of these 
principles, the extensive literature on positive reinforce-
ment training (PRT) should be also considered [16-21]. 
Indeed, European Directive 2010/63/EU [6] and the 
corresponding Italian Legislative Decree 26/2014 [7], 
explicitly state in Annex III (General Section): “Es-
tablishments shall set up habituation and training pro-
grammes suitable for the animals, the procedures, and 
the length of the project”. This provision is retained in 
the revised Annex III introduced by Legislative Decree 
n. 183/2025 [22], which will apply from December 4, 
2026.

In many veterinary procedures involving animals 
in experimental settings (as well as in zoos), PRT has 
proven extremely useful when the animal is subjected to 
procedures for which a “standardized state of calmness” 
is essential for the reliable collection of scientific data. 
These procedures include blood or urine sampling, swab 
collection [23] repeated injections oral dosing/volun-

Address for correspondence: Laura Ricceri, Centro di Riferimento per le Scienze Comportamentali e la Salute Mentale, Istituto Superiore di Sanità, 
Viale Regina Elena 299, 00161 Rome, Italy. E-mail: laura.ricceri@iss.it.
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tary ingestion of compounds, monitoring and measure-
ment procedures (e.g., blood pressure measurement, 
electrocardiogram electrode placement), imaging and 
diagnostic procedures (e.g., ultrasound examinations, 
non-restrained radiographic positioning, ophthalmic 
examinations, and otoscopy) [24], handling manage-
ment, and welfare-related procedures (e.g., voluntary 
kennel entry and exit, crate or transport box training, 
muzzle training, nail and fur toileting, habituation to 
novel environments or equipment, and target training 
for positioning, body condition scoring, nail trimming, 
fur grooming). 

An important point concerns the scoring of the degree 
of suffering (mild, moderate, severe) in dogs. Although 
not universally validated, dog-specific severity scoring 
system is currently available, existing regulatory guid-
ance clearly indicates that severity classification must 
consider not only physical pain, but also suffering and 
distress, including their emotional and psychological 
components [6, 25]. In dogs, a highly social and cogni-
tively complex species, distress often manifests primar-
ily as alterations in emotional state rather than as overt 
signs of physical pain. Indicators of emotional distress 
in this species include both overt, traditionally recog-
nised behaviours, such as freezing responses and avoid-
ance or withdrawal, and more subtle signs, including lip 
licking, yawning, head turning, and paw lifting, as well 
as negative shifts in affective state measurable through 
cognitive bias paradigms (e.g., pessimistic bias) [18]. 
These behavioural and cognitive indicators have been 
consistently associated with a measurable deteriora-
tion of welfare, even in the absence of detectable pain. 
Together, these considerations provide a strong scien-

tific basis for explicitly incorporating emotional distress 
and its ethological markers into severity assessment for 
dogs. Such assessments should encompass both overt 
behaviours and more subtle ethological indicators, in 
full accordance with Directive 2010/63/EU [6, 7] and 
with the FELASA/ECLAM/ESLAV guidance [25].

With regard to the use or potential reuse in experi-
ments of the same canine subject, focusing on a particu-
larly critical species, a solid and progressively improving 
reference protocol has been developed over time [26]. 

Similarly to cats, dogs do represent a “special case”, 
in which an enduring dialogue between the scientific 
community and general public becomes mandatory. 
The increasing prevalence in single-person households, 
especially in some Western countries, together with the 
strong dyadic relationships between human caregivers 
and family dogs, often fulfilling roles once occupied by 
broader human social network, has significantly height-
ened public sensitivity toward canine welfare. This 
sensitivity exerts powerful influence on how scientific 
research involving dogs is perceived. Consequently, for 
such an iconic species, there is a growing necessity to 
balance public sensitivity for canine quality of life and 
welfare, with the continued, albeit limited, necessity of 
experimental activities, conducted within an increas-
ingly morally relevant (3Rs) principle.
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Commentary

The European Group on Ethics  
in Science and New Technologies 
and the opinion on the just ecological 
transition
Laura Palazzani

Dipartimento di Giurisprudenza, Economia, Politica e Lingue Moderne, Libera Università Maria Santissima 
Assunta (LUMSA), Rome, Italy

THE EUROPEAN GROUP ON ETHICS  
IN SCIENCE AND NEW TECHNOLOGIES: 
ORIGINS, DEVELOPMENTS AND ROLE

The European Group on Ethics in Science and New 
Technologies (EGE) was established in 1991 (its origi-
nal name was the Group of Advisers on the Ethical Im-
plications of Biotechnology) with the institutional role 
of advising the President of the European Commission 
on ethical guidelines for policies and regulation. It is a 
body composed of experts; it is independent, pluralistic 
and interdisciplinary (generally covering the disciplines 
of natural and social sciences, new technologies and the 
philosophy of new technologies, ethics and law). 

The aim of the documents produced is to provide a 
comprehensive and concise analysis of a specific topic, 
generally at the direct request of the Presidency of the 
European Commission. The EGE’s task is to draw up a 
document which, on the basis of an analysis of the argu-
ments for and against the design and/or use of a tech-

nology, outlines ways of acquiring a critical awareness 
of the problems arising from technologies, providing 
a valuable guide for policies and regulation, rooted in 
scientific and ethical reasons. The growing importance 
of the EGE over the years is due to the quality of its 
output, and to the growing awareness of the importance 
of European governance with a scientific and ethical 
framework. Ethics is not called upon to place limits on 
scientific and technological progress, but rather to iden-
tify ethical requirements for the design and application 
of technologies that are compatible with fundamental 
human rights, in defence of human integrity, freedom 
as autonomy and responsibility, and justice. 

Regulating new technologies is difficult: regulations 
often require continuous revision and reformulation in 
light of new scientific discoveries and societal transfor-
mations. The EGE’s function therefore has the delicate 
role of ethical mediation between science/technology 
on the one hand and society/governments on the other. 

Key words
•  green transition
•  justice
•  equity

Abstract
This article analyses the opinion of the European Group on Ethics in Science and New 
Technologies (EGE) Towards a just green transition: addressing structural inequities. The 
article first presents the origins, role and advisory function of the EGE within the Euro-
pean Union, then examines the ethical framework proposed for the green transition. The 
opinion develops a multidimensional understanding of justice, including distributional, 
corrective, transitional, procedural, recognitional, global, intergenerational and planetary 
dimensions. Particular attention is devoted to the capability approach, which allows jus-
tice to be assessed in relation to human flourishing, health, social inclusion and ecologi-
cal sustainability. The article argues that the green transition must be governed through 
transparent, participatory and accountable institutions, capable of protecting vulnerable 
groups, reducing structural “inequities” and aligning technological progress with human 
rights. From a public health perspective, the just green transition is not only an environ-
mental necessity, but also a democratic and ethical imperative. The article concludes that 
the ecological transition can be sustainable only if it is guided by justice, solidarity and 
respect for human dignity.

Address for correspondence: Dipartimento di Giurisprudenza, Economia, Politica e Lingue Moderne, Libera Università Maria Santissima Assunta 
(LUMSA), Via Pompeo Magno 28, 00192 Rome, Italy. E-mail: palazzani@lumsa.it.
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The task of mediation is divided into several levels: de-
scriptive, dialogical-dialectical and orientational/consul-
tative. At the analytical level, the committee describes 
emerging problems: the description is generally complex 
and requires specific, even specialist, interdisciplinary 
skills. Within the committee, there is constant study, 
research, in-depth analysis and updating, with internal 
expertise and external hearings. At the dialogical-dia-
lectical level, the committee is a forum for discussion, 
which is essential given the pluralism that characterises 
the current debate at the theoretical level. This pluralism 
manifests itself at the scientific, ethical and legal levels: 
even in the scientific field, there is often no single inter-
pretation of phenomena; in ethics, we live in a postmod-
ern society with fragmentation of values; in law, there 
are different ways of understanding the law and the rela-
tionship between law, ethics and science. The most dif-
ficult and delicate moment in the work of a committee is 
the effort, through discussion, to seek minimum or max-
imum points of agreement, where possible, expressed in 
the recommendations. It is not a question of reaching 
a compromise, but rather a mediation, a sharing or a 
consensus through overlap or intersection. 

The opinions and documents of the EGE aim to 
provide conceptual tools to those who govern and to 
society in general to understand often complex, dy-
namic and changing problems and their relevance and 
urgency, outlining possible scenarios and identifying 
the paths to be taken in terms of public policies. These 
paths should seek a balance between the needs of sci-
entific and technological progress and the protection of 
human beings, recognising the primacy of the human 
being over science.

The EGE has addressed a wide range of topics. These 
include issues related to the beginning of human life 
(prenatal diagnosis, cloning, research on human em-
bryos), the end of human life, research on humans (ge-
netic engineering, biobanks, international trials), new 
health technologies and emerging technologies (brain 
implants, doping, nanomedicine, synthetic biology, in-
formation and communication technologies, digitalisa-
tion, robots, artificial intelligence – AI, biotechnology 
and patents, genetically modified organisms, animal 
testing, food safety, energy, security and surveillance, 
digital democracy, and the pandemic). 

THE DOCUMENT ON THE JUST GREEN 
TRANSITION

The document Towards a just green transition: address-
ing structural inequities (11 February 2026) [1] starts 
from a recognition of the urgency of the topic due to 
the context of the triple crisis of climate change, biodi-
versity and ecological degradation. The document dis-
cusses the concept of justice, and its normative basis 
(what it means to ensure “equality” and “leave no one 
behind”) in the context of the relationship between hu-
mans and the environment, recognising its growing and 
progressive complexity. The aim is not only to analyse 
the issue theoretically, but also to offer practical sugges-
tions for including justice in policies. 

The main innovative points may be underlined as de-
scribed below. 

The analysis of the multilevel concept of justice  
and the capability approach

Of particular interest is the analysis of the concept of 
justice to be applied from the design stage of policies 
for ecological transition: justice not only in the sense 
of recognising equality and not exacerbating existing 
inequalities, but also in the proactive sense of under-
standing the reasons for structural inequalities in order 
to overcome them, building more resilient societies. In 
the face of “disruptive” changes in the fast ecological 
transition, characterized by uncertainty and unpredict-
ability, it is essential to change traditional approaches, 
with an innovative conceptualization of justice in a mul-
tilevel framework. The EGE emphasises that scientific 
evidence “remains crucial” in informing policy, but that 
policies should also integrate the multidimensional con-
cept of justice, considering different levels:
•	 Distributional justice requires an equitable allocation 

of both burdens and benefits. Climate policies may 
disproportionately affect low-income households, ru-
ral populations, or workers in carbon-intensive sec-
tors. The ethical commitment to “leave no one be-
hind” should go beyond preventing additional harm 
and actively reduce existing structural injustices 
through targeted compensation mechanisms. From 
a public health perspective, this aligns with the prin-
ciple of proportionate universalism: policies should 
be universal, but always tailored to needs;

•	 Corrective justice underscores historical responsibility: 
communities that have suffered from pollution, ex-
tractive industries, or economic marginalisation de-
serve recognition and remediation. This is particularly 
important in regions historically dependent on coal or 
heavy industry, where environmental degradation and 
health disparities often coexist;

•	 Transitional justice recognises that even necessary 
transitions can generate loss of employment, identity, 
or community cohesion. Ethical governance demands 
anticipatory measures to keep justice in ecological 
transition, with retraining programmes, social pro-
tection, green collective bargaining, and community 
participation in shaping new economic pathways. 
Without such measures, social protest movements 
may undermine both democratic legitimacy and cli-
mate objectives;

•	 Procedural justice means fair access to decision-mak-
ing, through trust, transparency, and inclusive com-
munication, which is considered essential for compli-
ance with collective measures. Climate policies, often 
more disruptive and long-term, require even deeper 
democratic engagement. Citizens’ assemblies, partic-
ipatory and inclusive consultation mechanisms repre-
sent important initiatives that should actively include 
marginalised groups, as migrants, elderly popula-
tions, rural communities, and people with disabilities;

•	 Recognitional justice demands cultural sensitivity. For 
communities whose identities are tied to specific 
ways of life, transition policies may be experienced 
as existential threats. Ethical governance requires ac-
knowledging these attachments, rather than dismiss-
ing them as irrational resistance;

•	 Global justice and solidarity require the awareness that 
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green transition cannot be confined within European 
borders and the recognition that high-income regions 
avoid displacing environmental burdens onto lower-
income countries. Trade agreements, due diligence 
directives, and carbon border mechanisms should be 
aligned with human rights principles, given the global 
interdependence;

•	 Intergenerational and intragenerational justice mean 
considering the rights and interests of future persons, 
and present persons, in both social and ecological 
sustainability. Importantly, intergenerational justice 
also intersects with intra-generational equity. Poli-
cies that impose austerity-like sufficiency measures 
on disadvantaged populations, while leaving affluent 
consumption patterns intact, would violate principles 
of fairness;

•	 Planetary justice further broadens the moral com-
munity to include non-human life. While not fully 
elaborated in the text, the recognition of biodiversity 
and ecosystem integrity as morally relevant entities 
challenges anthropocentric policy frameworks. Pub-
lic health, increasingly aligned with “one health” and 
“planetary health” paradigms, must integrate this ex-
panded ethical horizon.
In the context of the multilevel dimensions of justice, 

the M. Nussbaum’s capabilities approach is invoked in 
the document to help make justice operational beyond 
the economic and financial dimension. It is considered 
the impact of policies on the dimension of “human 
flourishing”, and therefore on life, health, bodily integ-
rity, the senses, imagination, thought, emotions, practi-
cal reason, and the relationship with other species and 
the environment. A transition that protects ecosystems 
while undermining basic capabilities, through unem-
ployment, energy poverty, or social exclusion, would fail 
on justice grounds; conversely, failure to respect plan-
etary limits compromises the health and capabilities of 
both present and future generations.

It is the capabilities approach that allows justice to be 
established in a flexible way, promoting justice for indi-
viduals, communities and nations at an intercontinental 
and global level, while also considering non-human be-
ings and future generations. This approach, proposed 
by the EGE, combines several dimensions: “intersec-
tionality”, taking into account vulnerabilities related 
to age, gender and socio-economic status; “spatiality”, 
taking into account the many levels of policy and regu-
lation, with the need for policies that are applicable in 
different geographical contexts; and “temporality”, rec-
ognising the intergenerational dimension and reflecting 
on urgency and ecological integrity. 

Ethical governance of green transition
The document highlights the risks of delays or deci-

sions not to prioritise the green transition. 
The EGE insists on the need for “ex ante” and “ex 

post” assessment of risks and benefits in decisions re-
garding the green transition, with particular reference 
to social and cultural impact, with the provision of com-
pensation for the most vulnerable groups through trans-
parent and inclusive policies. The aim is to achieve a fair 
and proportionate distribution of burdens and benefits, 

strengthening social protection (with particular refer-
ence to employment and the minimum wage). 

The EGE is aware that the green transition can 
cause tensions, which require democratic deliberation. 
It is important to clearly develop “indicators” (such as 
well-being, health, sustainability, equity, environmental 
costs) that are useful as a coordinated, strengthened and 
implemented monitoring mechanism, through inclusive 
interoperable platforms. Each European country should 
clearly publish its environmental policies and measure 
the results of their social impact in terms of equity.

In the EGE’s view, the just transition should be legally 
binding at European level, tailored to socio-economic 
realities, with compensatory measures in national plans. 
To this end, detailed reports on the involvement of lo-
cal populations in the evaluation of green policies are 
necessary. Europe should promote “green bargaining” 
for the protection of workers, giving them the tools, in-
cluding educational tools, to cope with a green econ-
omy. It is also a question of clarifying and addressing 
market contradictions in order to link well-being and 
sustainability. Governments at all levels must address 
the contradictions inherent in the market in the green 
transition, seeking to reconcile “economic objectives” 
and “ethical imperatives”, competitiveness, sustainabil-
ity and equity as interdependent objectives.

Governance should be “adaptive” and “flexible”, ca-
pable of governing systemic and interconnected phe-
nomena, such as the relationship between humans and 
non-human species and the environment in a global and 
planetary sense, and the long-term impact on the rela-
tionship between present and future generations.

The document proposes a holistic approach of resil-
ience, inclusiveness, equity, solidarity, and sustainabil-
ity, seeking to bridge the gap between the economy and 
society, developing robust sustainability criteria and 
transparent reporting methods to prevent the so-called 
“greenwashing”. Compensation measures such as finan-
cial assistance, tax exemptions, and incentives should 
be available to those who are disadvantaged (e.g., in 
terms of property ownership or job opportunities).

Technological progress should be aligned with eco-
logical and social justice, with respectful technical 
solutions aimed at strengthening justice beyond the 
borders of the European Union, taking into account 
fundamental human rights, in a perspective of global 
solidarity. Social labour policies should be closely linked 
and adapted to the green transition, and ecological poli-
cies should always comply with human rights. Circular 
economy policies should be promoted in Europe, with 
a reduction in waste and the encouragement of sustain-
able consumption and production.

Sustainability in Europe should always have a global 
perspective, with particular reference to middle- and 
low-income countries. Transparency in administrative 
policies should be improved, simplified and made un-
derstandable to all. The risks of global inequality should 
be mitigated with awareness. 

Forms of participation
Governance must be transparent, participatory, and 

enforceable.
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Communication, participation and inclusiveness 
should be strengthened. The success of the green transi-
tion will depend on participation, such as citizen active 
involvement, which is a prerequisite for building trust. 
Communication should be clear, transparent and re-
flective of European diversity, involving, in an inclusive 
way, the most vulnerable. Public participation should be 
systematically and procedurally guaranteed, and Mem-
ber States should be “obliged” to establish permanent 
forums for participation and organize the fight against 
disinformation campaigns. 

Europe should promote civic education on environ-
mental justice, integrate “ecological and climate litera-
cy”, and “ecological critical awareness” and encourage 
ethical and critical reflection, including through the 
role of artists, educators and journalists who can pro-
mote initiatives that strengthen the community’s bonds 
and ties on these issues. Education should promote re-
silience.

CONCLUSIONS
The opinion analysed, represents an ethically ambi-

tious and normatively coherent framework for socio-
ecological transformation. Its strength lies in its multi-
dimensional conception of justice, integration of ethical 
governance with human rights, and recognition of dem-
ocratic participation as foundational.

From a public health standpoint, the transition is not 
merely an environmental strategy but a comprehensive 
approach to safeguarding the determinants of health, 

reducing inequities, and promoting human flourishing 
within ecological limits. The EGE asks that ethical as-
pirations should translate into enforceable standards, 
measurable equity outcomes, and institutional account-
ability. Without robust implementation, justice risks re-
maining rhetorical.

The green transition, according to the EGE, is both 
a moral imperative and a test of democratic maturity. 
If guided by justice, solidarity, and respect for human 
dignity, it offers an opportunity to build resilient societ-
ies capable of thriving within planetary boundaries. If 
pursued without ethical vigilance, it may deepen divides 
and erode trust.

The choice is not between green and just: the ecologi-
cal transition should be just, or it will not be sustainable.
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Commentary

Why do we treat women as if they  
were men? Rethinking sex and gender  
in biomedical research and healthcare
Massimo D’Archivio, Anna Ruggieri and Elena Ortona
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INTRODUCTION
Despite decades of scientific progress and growing 

awareness of biological diversity, modern medicine still 
largely relies on a model historically derived from male 
bodies. From preclinical research to clinical trials and 
therapeutic guidelines, the assumption that findings ob-
tained in male organisms can be generalized to women 
continues to shape biomedical science and healthcare 
delivery. This paradigm has important consequences: 
it contributes to diagnostic delays, inadequate treat-
ments, differential adverse drug reactions, and ulti-
mately inequitable health outcomes.

The question “Why do we treat women as if they were 
men?” is therefore not rhetorical, but reflects a struc-
tural limitation embedded in research design, data in-
terpretation, and clinical practice. While sex refers to 
biological attributes such as chromosomes, reproduc-
tive organs, and hormonal profiles, gender encompasses 
sociocultural roles and exposures that influence health. 
These dimensions interact across the life course and 
should be systematically integrated into research and 
care [1]. Yet, historically, women have been underrep-
resented or insufficiently analyzed, resulting in a knowl-
edge base that does not fully capture sex- and gender-
specific determinants of health.

This commentary examines the origins of this bias, its 
consequences across the research continuum, and the 
need to integrate sex and gender considerations into 
preclinical, clinical, and pharmacological studies, high-
lighting opportunities for more equitable and effective 
healthcare.

HISTORICAL ROOTS OF THE MALE DEFAULT 
MODEL

The male body has long been considered the default 
in biomedical research. Early physiological, pharmaco-
kinetic, and toxicological studies were predominantly 
conducted in male animals and participants. This im-
balance was driven by concerns about hormonal vari-
ability, potential pregnancy risks, and the perceived 
complexity of female biology, leading to the system-
atic exclusion of women from many trials until the late 
twentieth century [2].

The effects of this bias persist. Many clinical guidelines 
still rely on evidence derived mainly from male popula-
tions. Even when women are included, results are often 
not stratified by sex, obscuring important differences in 
disease mechanisms, symptom presentation, and treat-
ment responses. This lack of disaggregated analysis rein-
forces the assumption of uniform applicability.
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•  gender-sensitive medicine
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Abstract
Modern medicine largely relies on a male-default model, incorrectly assuming that find-
ings from male bodies can be universally generalized. This paradigm results in structural 
biases that lead to diagnostic delays, inadequate treatments, and inequitable health out-
comes for women. Although sex involves biological attributes and gender reflects socio-
cultural roles, both dimensions are frequently overlooked in research design and data in-
terpretation. Significant differences exist at cellular levels and in disease manifestations, 
yet studies often fail to provide sex-stratified analyses, obscuring unique symptoms and 
mechanisms. Furthermore, women face higher risks of adverse drug reactions because 
pharmacological guidelines often ignore sex-specific metabolic profiles. Moving toward 
precision healthcare requires structural changes, such as mandatory sex-disaggregated 
reporting and the integration of gender-responsive variables. Ultimately, acknowledging 
that women are not simply smaller versions of men is a scientific necessity for ensuring 
an accurate and inclusive healthcare system.
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In addition, gender-related factors – such as occupa-
tional exposure, caregiving roles, healthcare access, and 
sociocultural norms – are rarely incorporated into study 
design. As a result, the interaction between biological 
and social determinants remains insufficiently explored.

SEX DIFFERENCES IN PRECLINICAL 
RESEARCH

Sex differences emerge at cellular and molecular 
levels and influence fundamental biological processes. 
Cells from female and male organisms differ in chromo-
somal composition, gene expression, epigenetic regula-
tion, and metabolism. These differences persist even in 
vitro, independent of circulating hormones.

For example, female cells often show greater resil-
ience to stressors such as oxidative stress, metabolic 
challenges, and inflammation, supported by stronger 
antioxidant responses, more efficient mitochondrial 
function, and activation of cytoprotective mechanisms 
like autophagy [3]. In contrast, male cells may be more 
prone to apoptosis under similar conditions, with dif-
ferences reported in mitochondrial dynamics, reactive 
oxygen species production, and DNA repair capacity 
[3].

Despite this evidence, preclinical studies frequently 
fail to report the sex of cells or animal models, limiting 
reproducibility and potentially leading to incomplete 
conclusions [4]. Considering sex as a biological variable 
is essential to improve translational relevance. 

SEX AND GENDER IN CLINICAL RESEARCH
Clinical research also reflects the legacy of the male 

default model. Women remain underrepresented in 
many trials, particularly in early phases and in areas 
such as cardiovascular, neurological, and pharmacologi-
cal research. Even when participation is balanced, sex-
disaggregated analyses are not consistently performed 
[2].

This gap is especially relevant in conditions that 
present differently in women. Cardiovascular disease, 
for instance, often manifests with atypical symptoms, 
contributing to underdiagnosis and delayed treatment 
[5]. Autoimmune diseases – more common in women 
– have historically received less attention despite their 
significant burden [6]. Differences in pain perception, 
immune responses, and metabolism further influence 
disease progression and treatment outcomes.

Gender-related factors add a further layer of com-
plexity. Differences in environmental exposures, access 
to care, and social determinants – such as caregiving 
roles and socioeconomic status – affect disease risk, ad-
herence, and recovery. Ignoring these aspects limits the 
effectiveness of clinical interventions and contributes to 
persistent disparities.

LIFESTYLE AND NUTRITION
Lifestyle and nutritional recommendations are often 

perceived as gender-neutral, yet they are frequently 
based on evidence that does not adequately account 
for sex-specific biological differences or gender-related 
determinants. As in other areas of medicine, a “one-
size-fits-all” approach prevails, potentially limiting the 

effectiveness of preventive strategies. Women and men 
exhibit distinct metabolic profiles, nutrient require-
ments, and physiological responses to dietary interven-
tions [7]. For instance, hormonal fluctuations across 
the female life course, from menstrual cycles to post-
menopause, significantly modulate energy metabolism, 
nutrient absorption, and needs for essential micronutri-
ents like iron and calcium [8]. Furthermore, gendered 
social roles often dictate food choices (e.g., women 
tending toward vegetable-rich diets) [9], which in turn 
affect the risk of chronic disease such as type 2 diabetes 
and cardiovascular disease.

Failure to integrate both sex and gender perspectives 
into lifestyle medicine reflects the same structural bias 
observed in biomedical research more broadly. Incorpo-
rating sex-disaggregated data and gender-sensitive vari-
ables into nutritional science and prevention strategies 
is therefore essential to move beyond generalized rec-
ommendations and toward more precise and equitable 
approaches to health promotion.

PHARMACOLOGICAL IMPLICATIONS
Sex differences in pharmacokinetics and pharmaco-

dynamics are well established [10]. Variations in body 
composition, gastric motility, enzyme activity, renal 
clearance, and hormonal regulation influence drug ab-
sorption, distribution, metabolism, and elimination. 
As a result, women may experience different efficacy 
profiles and a higher risk of adverse reactions. These 
concepts are important also when considering vaccine 
efficacy and safety. It is generally known that women 
develop stronger immune responses to vaccines and 
undergo more frequent and more severe adverse re-
actions [11, 12]. Consistent with drugs, also vaccines 
pharmacokinetics and pharmacodynamics differ by sex, 
females often experience higher serum concentrations 
of vaccine components due to lower body weight and 
differences in body composition; differences in body fat 
(higher in women) and muscle mass (higher in men) 
can impact the distribution of vaccines from the injec-
tion sites.

Historically, drug dosing recommendations have 
been based largely on male populations, contributing 
to inappropriate dosing and increased side effects in 
women. Differences in QT interval prolongation, se-
dation, and metabolism have been observed across 
multiple drug classes. Hormonal fluctuations during 
the menstrual cycle, pregnancy, and menopause can 
further modify responses, yet are rarely accounted for 
in trial design.

Achieving precision medicine requires integrating 
sex-specific pharmacological data, ensuring adequate 
female representation, and considering hormonal sta-
tus.

THE ROLE OF RARE AND UNDERSTUDIED 
CONDITIONS

Bias also affects rare and understudied conditions. 
Many diseases with female predominance, particularly 
autoimmune and inflammatory disorders, remain insuf-
ficiently characterized. Limited data hinder diagnosis 
and delay therapeutic innovation. Women with rare dis-
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eases often experience longer diagnostic pathways due 
to both biological complexity and systemic bias.

Studying these conditions offers valuable insight into 
sex-specific mechanisms, including immune regulation 
and hormonal signaling, with broader implications for 
common diseases.

FROM SEX-BLIND RESEARCH TO GENDER-
RESPONSIVE MEDICINE

Moving beyond a sex-blind approach requires struc-
tural changes. Preclinical studies should include both 
female and male models and report sex clearly [2]. Clin-
ical trials must ensure balanced recruitment and per-
form sex-disaggregated analyses, while pharmacological 
research should evaluate sex-specific responses.

Equally important is the integration of gender-related 
variables, including social determinants, occupational 
exposures, and healthcare access. Mixed-method ap-
proaches can better capture these interactions.

Regulatory agencies, funding bodies, and journals 
play a key role by requiring sex-disaggregated reporting 
and transparent methodologies. Education and train-
ing are also essential to improve awareness among re-
searchers and clinicians.

IMPLICATIONS FOR CLINICAL PRACTICE
Integrating sex and gender into clinical practice im-

proves diagnosis and treatment. Clinicians should con-
sider sex-specific symptoms, risk factors, and responses. 
Laboratory reference ranges, imaging interpretation, 
and scoring systems may require adjustment [2].

Gender-sensitive approaches also enhance patient-
centered care by accounting for social context, caregiv-
ing roles, and health behaviors, supporting more effec-
tive decision-making.

TOWARD EQUITABLE AND PRECISION 
HEALTHCARE

Incorporating sex and gender into research aligns 
with the goals of precision medicine. Recognizing bio-
logical and social diversity improves reproducibility, 
strengthens translational relevance, and supports equi-
table care.

Understanding both differences and similarities be-
tween women and men enables more accurate risk as-
sessment, better prevention, and optimized treatments 
– benefiting all individuals.

CONCLUSIONS
The persistence of the male default model reflects 

historical practices, methodological limitations, and in-
sufficient integration of sex and gender variables. Yet 
evidence clearly shows that these factors influence dis-
ease mechanisms, treatment responses, and outcomes.

Achieving equitable healthcare requires systemati-
cally incorporating sex and gender across all stages of 
research. This effort involves researchers, clinicians, 
institutions, and policymakers. Embracing biological 
diversity and social complexity will improve scientific 
rigor and patient care.

Recognizing that women are not simply smaller ver-
sions of men is both a matter of fairness and a scientific 
necessity. Integrating sex and gender into medicine is 
essential for a more accurate, inclusive, and effective 
healthcare system.
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Abstract
Introduction. Out-of-hospital cardiac arrest (OHCA) is a major cause of mortality, and 
early bystander cardiopulmonary resuscitation (CPR) is critical for survival. This study 
assessed OHCA incidence and factors associated with bystander-initiated CPR in the 
Piedmont region of Northern Italy.
Methods. A retrospective cross-sectional analysis was conducted using 2022 administra-
tive data from an Emergency Medical Dispatch Centre serving 851,538 residents. All 
confirmed OHCA cases were included. Demographic, clinical, and contextual variables 
were extracted. Descriptive statistics summarized case characteristics, and comparisons 
between events with and without bystander CPR were performed using chi-square or 
Fisher’s exact tests.
Results. Among 905 confirmed cases, the incidence was 106 per 100,000 inhabitants. 
Most patients were male (57%), with a mean age of 76 years, and arrests occurred pre-
dominantly at home (87%). Bystander CPR was documented in 644 cases, occurring 
in 39.9%, mainly independently. CPR was more frequent in rural areas (p=0.002) and 
public settings (p<0.001). Return of spontaneous circulation occurred in 6.4% and was 
strongly associated with bystander intervention (p<0.001).
Conclusions. Fewer than half of eligible patients received bystander CPR, highlight-
ing gaps in community readiness. Strengthening public training and dispatcher-assisted 
CPR may improve outcomes.

INTRODUCTION
Out-of-hospital cardiac arrest (OHCA) is a major 

global health challenge and represents the third lead-
ing cause of death in industrialized countries [1, 2]. 

Its global incidence ranges from 30 to 170 cases per 
100,000 inhabitants annually [3-5], with marked varia-
tion across countries and regions, largely attributable 
to differences in data collection, population characteris-
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tics, and emergency care systems. This heterogeneity is 
particularly evident in Italy, where the absence of a na-
tional cardiac arrest registry has resulted in fragmented 
epidemiological information [6]. Despite advances in 
resuscitation and post-arrest care, survival remains low, 
with an overall rate of approximately 8% and favourable 
neurological outcomes in fewer than 3% of patients at 
hospital discharge [7].

It is estimated that about half of OHCAs are wit-
nessed by bystanders [8]. When promptly initiated, 
cardiopulmonary resuscitation (CPR) and the use of 
semi-automatic external defibrillators (AEDs) by lay 
responders represent the most critical link in the chain 
of survival [9]. Bystander CPR significantly improves 
outcomes, with immediate initiation after collapse, 
even before AED deployment, associated with a two- to 
threefold increase in survival probability [10, 11].

Several community-based projects worldwide have 
aimed to improve awareness among both adults and 
children about recognising OHCA and promptly initi-
ating resuscitation [12-14]. Nevertheless, despite these 
initiatives, the proportion of people in Europe who pro-
vide resuscitation while awaiting professional assistance 
varies widely, ranging from 17% to 78% [15]. 

Multiple factors influencing the likelihood of by-
standers initiating resuscitative manoeuvres have been 
identified in the literature [16]. These include sociode-
mographic variables (age, gender, and level of educa-
tion), contextual circumstances (location of the arrest, 
presence of other witnesses, relationship to the victim), 
psychological aspects (confidence, fear of harming the 
victim, or fear of legal consequences), and practical 
factors (prior CPR training, availability of AEDs, and 
dispatcher-assisted CPR) [17-21]. Importantly, many of 
these determinants are modifiable. For example, public 
training campaigns, integration of CPR teaching into 
school curricula, and dispatcher-assisted instructions 
have been shown to improve laypeople’s willingness 
and ability to intervene, whereas broader availability 
and accessibility of AEDs address infrastructural barri-
ers [2]. Conversely, factors such as advanced age of the 
bystander or a familial relationship to the victim, which 
may be associated with higher emotional distress, are 
more difficult to modify [17]. Despite this knowledge, 
existing evidence remains incomplete and strongly 
shaped by contextual factors such as healthcare organi-
zation, cultural attitudes, and local infrastructure [22]. 
Such variability suggests that a deeper understanding 
of context-specific dynamics could provide valuable in-
sights for improving bystander intervention.

In Italy, the pre-hospital emergency service is public-
ly funded and organized on a regional basis within the 
framework of the National Health Service. To improve 
efficiency and resource management, since 2021, in the 
Piedmont region, the system has been coordinated by 
Azienda Zero. Emergency calls are managed by four 
medical dispatch centres, which assess case severity, co-
ordinate the most appropriate response, and, in the event 
of OHCA, provide CPR instructions to laypeople [23].

To the best of our knowledge, no recent studies have 
investigated the occurrence of OHCA and the rate of 
bystanders-initiated CPR in the Piedmont region [6]. 

In the absence of a national registry, recommended by 
international guidelines [24], collecting local data is es-
sential to gain insights into this event, thereby inform-
ing emergency service organization and guiding tar-
geted public awareness initiatives [6]. Accordingly, this 
study aimed to: i) estimate the incidence and outcomes 
of OHCA cases managed by an Emergency Medical 
Dispatch Centre in Piedmont; ii) determine the propor-
tion of events in which bystanders initiated CPR prior 
to Emergency Medical Services (EMS) arrival; and iii) 
compare the characteristics and outcomes of cases with 
and without bystander-initiated CPR.

METHODS
Study design

We conducted a retrospective cross-sectional study 
based on administrative data from an Emergency Medi-
cal Dispatch Centre in the Piedmont region. Reporting 
followed the Strengthening the Reporting of Observa-
tional Studies in Epidemiology (STROBE) guidelines 
[25].

Setting
We collected data between January 1 and Decem-

ber 31, 2022, from an Emergency Medical Dispatch 
Centre in Piedmont, serving a catchment population 
of 851,538 residents across five provinces [12]. The 
centre manages an average of 250-300 emergency calls 
per day. Prehospital coverage is provided by approxi-
mately 60 basic life support (BLS) ambulances, staffed 
by emergency medical technicians with regional res-
cue qualifications, and 18 advanced life support (ALS) 
ambulances, staffed by physicians and/or critical care 
nurses. Additional support is ensured by a helicopter 
emergency medical service, staffed by an anesthesiol-
ogist-intensivist, a critical care nurse, and a technician 
from the Alpine and Speleological Rescue Service.

Data sources and measurement
We identified all suspected cases of OHCA managed 

by the Piedmont Emergency Medical Dispatch Cen-
tre, regardless of patient age, through the telephone 
dispatch code. Each case was included if subsequently 
confirmed as OHCA by the on-scene crew assessment. 
Inter-hospital transfers and cancelled dispatches (e.g., 
involvement of the continuing care service or caller 
withdrawal) were excluded.

From each medical record, we extracted the follow-
ing variables: i) demographics: patient age and sex; ii) 
event characteristics: EMS response time of the first 
emergency unit, type of vehicle dispatched (BLS or 
ALS ambulance), location of the event (home, public 
place, workplace, street, sport facility, other), province, 
and urbanisation level (rural or urban); iii) clinical infor-
mation: presumed cause of cardiac arrest (e.g., cardio-
vascular, respiratory, metabolic, traumatic, neurologi-
cal, drug overdose, gastrointestinal, other, or unknown), 
as recorded by the responding unit; iv) bystander re-
sponse: whether CPR was initiated (yes/no), and if so, 
whether it was started independently or dispatcher-
assisted; v) outcomes: death or return of spontaneous 
circulation (ROSC) in the out-of-hospital setting.
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The study was approved by the local Ethics Commit-
tee (CE187/2024). Data were extracted by authorized 
clinical personnel, anonymized with progressive numer-
ical codes, and stored in an encrypted database devel-
oped using Microsoft Excel.

Statistical analysis
Categorical variables were summarized as absolute 

counts and percentages, while continuous variables 
were reported as means with standard deviations or me-
dians with interquartile ranges, as appropriate. Group 
comparisons for categorical variables were performed 
using the chi-square test; when expected cell counts 
were <10, Fisher’s exact test was applied. A p-value 
<0.05 was considered statistically significant. Statistical 
analyses were performed using Stata version 19 (Stata-
Corp, College Station, TX, USA).

RESULTS
A total of 1,646 suspected OHCA cases were iden-

tified. Of these, 721 were excluded because on-scene 
crews did not confirm cardiac arrest, 18 due to can-
celled dispatches, and 2 because they involved urgent 
inter-hospital transfers for time-dependent conditions. 
In total, 905 cases of cardiac arrest were confirmed dur-
ing the study period (Table 1).

In 2022, the annual incidence of OHCA was 106 per 
100,000 inhabitants (95% CI: 99-113). Most patients 
were male (57%), with a mean age of 76.4 years (±16). 
On average, men were younger than women (73.4 
vs 80.5 years). The likely cause was mainly related to 
cardiovascular issues. Most events occurred at home 
(87%) and were managed by an ALS ambulance staffed 
with both a physician and a critical care nurse (80.3%), 
with a median response time of 8 minutes (IQR 5-13). 
In particular, the EMS response time was ≤5 minutes 
in 31.7% of cases (n=287) and ≤10 minutes in 64.3%.

In 28.8% of cases, medical records did not specify 
whether bystander CPR was performed. Among the 644 
cases with available data, bystander CPR was reported in 
39.9% (n=257), mostly initiated independently (90.7%).

ROSC in the out-of-hospital setting was achieved in 
6.4% of patients. For this group of patients, the median 
EMS response time was 7 minutes (IQR 4-10).

Comparisons between cases with and without by-
stander-initiated CPR are reported in Table 2. Bystander 
CPR was significantly less frequent in OHCAs occur-
ring at home compared with other locations (p<0.001). 
Similarly, the likelihood of bystander intervention was 
lower in urban areas (p=0.002), where median EMS ar-
rival time was 6 minutes compared with 11 minutes in 
rural settings (p<0.001).

Overall, bystander CPR was associated with a higher 
probability of achieving ROSC in the out-of-hospital 
setting (p<0.001). Specifically, ROSC was more fre-
quent in the home setting compared with other loca-
tions (p<0.001), while no significant difference was ob-
served between rural and urban areas (p=0.415).

DISCUSSION
The findings of this study, based on data from an 

Emergency Medical Dispatch Centre in Piedmont 

during 2022, offer new insights into the epidemiology 
of OHCA in this region. More than 40% of cases oc-
curred in patients younger than 75 years, confirming 
that OHCA also affects a considerable proportion of 
relatively younger individuals. Bystander CPR was re-
ported in 39.9% of cases with available data. CPR was 
most frequently initiated independently, and its occur-
rence was strongly associated with a higher probabil-
ity of achieving ROSC in the out-of-hospital setting. 
Moreover, both home location and urban setting were 

Table 1
Demographic and clinical characteristics of the 905 confirmed 
OHCA cases

 N=905 %

Sex, male* 518 57.24

Age, in years*
  <65
  65-74
  75-84
  ≥85

168
160
239
337

18.58
17.70
26.44
37.28

Presumed cause 
  Cardiovascular
  Neurological
  Respiratory
  Other
  Trauma
  Unknown causes

875
19
4
4
2
1

96.69
2.10
0.44
0.44
0.22
0.11

Province*
  n. 1
  n. 2
  n. 3
  n. 4
  Other

359
187
180
172

6

39.71
20.69
19.91
19.03
0.66

Level of urbanization*
  Rural
  Urban

453
451

50.11
49.89

Location of the event
  Home
  Street
  Public place
  Workplace
  Sport facility
  Other

788
45
12
3
3

54

87.07
4.97
1.33
0.33
0.33
5.97

Type of vehicle dispatched*
  ALS with physician and nurse
  BLS
  Helicopter
  ALS with nurse

 
726
152
18
8

 
80.31
16.81
1.99
0.88

Arrival time
  Median time (Q1-Q3), in minutes 8 (5-13)

Bystander CPR
  No
  Yes
  Not reported

387
257
261

42.76
28.39
28.83

CPR initiation by bystanders
  Independently
  Dispatcher-assisted 

233
24

90.7
9.3

Outcome*
  Death
  ROSC in the out-of-hospital setting

843
58

93.56
6.44

*Missing data: sex (n=2), age (n=1), province (n=1), level of urbanization 
(n=1), type of vehicle dispatched (n=1), outcome (n=4); OHCA: out-of-
hospital cardiac arrest; ALS: advanced life support; BLS: basic life support; 
CPR: cardiopulmonary resuscitation; ROSC: return of spontaneous circulation; 
Q1-Q3: first-third quartile.
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linked to a lower likelihood of bystander intervention.
We identified an annual incidence of 106 OHCA 

per 100,000 inhabitants. This figure is consistent with 
European data, which report a mean incidence of 82.3 
per 100,000 (95% CI: 31-243) [15] and aligns with the 
pooled estimate of a recent systematic review of 42 Ital-
ian studies, which found an incidence of approximately 
86 per 100,000 (95% CI: 10-190) [6]. Although within 
the expected range, our estimate is slightly higher than 
both the Italian and European averages. Several factors 
may account for this difference, including the older age 
structure of the Piedmont population compared with 
the national average [26, 27] differences in EMS or-
ganization and case ascertainment [28] and potential 
regional variations in cardiovascular risk profiles, co-
morbidity burden, and lifestyle factors [29].

Notably, bystander CPR was initiated in almost 40% 
of cases. Although this estimate may be underestimat-
ed due to missing documentation in over one third of 
the medical records, the observed proportion falls be-
low the European average (61%) [15], while exceeding 
pooled national estimates (26%) [6]. Importantly, with 
the observed higher likelihood of ROSC, our findings 
confirm the crucial role of bystander-initiated CPR in 
improving clinical outcomes [30], while carrying mini-
mal risk of injury for patients [31]. To further increase 
CPR initiation, some system-level strategies have been 
proposed. For example, smartphone applications that 
alert trained volunteer responders in the vicinity of a 

cardiac arrest can reduce response times and improve 
the quality of resuscitation [14, 32]. This approach may 
be particularly valuable in settings where EMS arrival is 
delayed or where the presence of potential bystanders 
is limited, such as private homes or sparsely populated 
regions. In such contexts, the systematic involvement 
of first responders such as police officers or firefighters 
may prove especially effective, as they are often able to 
reach patients before medical teams, thereby contribut-
ing to higher survival rates [33, 34].

Most bystanders initiated CPR independently, with-
out guidance from the Emergency Centre. This pattern 
may reflect the positive impact of regional public train-
ing initiatives and community awareness campaigns, 
which likely increased laypersons’ confidence in re-
sponding to cardiac arrest. At the same time, it high-
lights a potential underutilization of dispatcher-assisted 
CPR, a key system-level intervention known to increase 
CPR rates and improve patient outcomes, particularly 
when bystanders are untrained or hesitant [35]. In Italy, 
the provision of standardized pre-arrival instructions by 
emergency dispatchers, covering basic CPR and the use 
of AEDs while awaiting emergency vehicles, is man-
dated by national legislation [36]. Nonetheless, notable 
regional differences persist in the adoption of protocols, 
availability of technological resources, and continuing 
education programs for dispatchers [37]. Optimizing 
dispatcher-assisted CPR depends not only on the tech-
nical content of the instructions but also on how they 

Table 2
Comparison of OHCA cases with and without bystander-initiated cardiopulmonary resuscitation

 Bystander CPR initiated
N=257

Bystander CPR not initiated
N=387

P-value

Sex, male* 154 (59.92) 219 (56.59) 0.444

Age, in years*
  <65
  65-74
  75-84
  ≥85

55 (21.40)
59 (22.96)
70 (27.24)
73 (28.40)

72 (18.65)
72 (18.65)

107 (27.73)
135 (34.88)

0.255

Presumed cause 
  Cardiovascular
  Other cause

246 (95.72)
11 (4.28)

376 (97.16)
11 (2.84)

0.325

Province**
  n. 1
  n. 2
  n. 3
  n. 4

114 (44.53)
49 (19.14)
47 (18.36)
46 (17.97)

141(36.81)
83 (21.67)
82 (21.41)
77 (20.11)

0.280

Level of urbanization*
  Rural
  Urban

149 (57.98)
108 (42.02)

176 (45.60)
210 (54.40)

0.002

Location of the event
  Home
  Street
  Public setting (public place, workplace, sport facility)
  Other

183 (71.21)
24 (9.34)
16 (6.23)

34 (13.22)

358 (92.51)
14 (3.62)
1 (0.25)

14 (3.62)

<0.001

Outcome
  Death
  ROSC in the out-of-hospital setting

211 (83.07)
43 (16.93) 

376 (97.41)
10 (2.59)

<0.001

*Missing data: sex (n=2), age (n=1), level of urbanization (n=1); **for the province variable, four cases classified as “Other” were excluded; therefore, the denominator 
in the “Bystander CPR not initiated” group was 383.
OHCA: out-of-hospital cardiac arrest; CPR: cardiopulmonary resuscitation; ROSC: return of spontaneous circulation.
Bold values indicate statistically significant p-values (p<0.05).
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are delivered. Innovations such as video support dur-
ing emergency calls, simplified and standardized lan-
guage, and the use of metronome cues or motivational 
prompts can enhance clarity, sustain compression qual-
ity, and increase bystander confidence [38]. Equally im-
portant are dispatcher-related factors, including dedi-
cated training and the adoption of structured protocols 
or centralized systems, which together may strengthen 
the consistency and effectiveness of guidance provided 
to callers [38].

In our cohort, ROSC was achieved in only 6% of 
cases, a lower proportion compared with international 
studies [15, 30]. However, it is important to note that 
our analysis considered only ROSC documented in the 
pre-hospital context. It is therefore plausible that addi-
tional cases of ROSC occurred after hospital admission, 
which would not have been captured in our data.

Interestingly, we observed a higher frequency of by-
stander CPR initiation in rural areas compared with ur-
ban settings, a trend consistent with previous reports 
[39, 40]. This phenomenon may be partly explained 
by longer EMS response times in less populated areas, 
which provide bystanders with greater opportunity to 
intervene, as well as by psychological factors such as a 
reduced bystander effect and lower “urban overload” in 
low-density settings [39]. 

Similarly, we found that witness intervention was 
more frequent in public spaces such as streets or other 
non-residential locations, whereas bystander CPR rates 
were significantly lower in private homes. This finding 
is consistent with Ting et al. [41], who also reported a 
lower incidence of bystander intervention in residen-
tial settings. Such differences may reflect the greater 
availability of potential witnesses in public areas, while 
arrests occurring at home are disadvantaged by fewer 
bystanders and limited access to life-saving devices. The 
findings highlight the need to strengthen community 
preparedness and system-level strategies to increase by-
stander CPR rates. From a clinical and educational per-
spective, integrating BLS training into school curricula, 
workplaces, and community programs could improve 
public responsiveness and confidence in emergency 
situations. Organizationally, enhancing dispatcher-as-
sisted CPR through structured protocols, continuous 
dispatcher education, and the use of real-time digi-
tal tools may further optimize early intervention. For 
policymakers, the results support the establishment of 
standardized regional or national cardiac arrest regis-
tries and the implementation of coordinated awareness 
campaigns to promote a “culture of rescue”, ultimately 
improving survival outcomes after OHCA. 

Although the composition of EMS crews was not 
captured in our dataset, emerging evidence suggests 
that prehospital models incorporating advanced nurs-

ing roles may influence clinical outcomes. Recent stud-
ies report that the presence of emergency nurse practi-
tioners within EMS teams can increase ROSC rates up 
to fourfold, highlighting the potential contribution of 
advanced nursing practice in the early phases of cardiac 
arrest management [42]. In addition, airway manage-
ment performed by ambulance nurses has been shown 
to be safe and effective, with high first-pass success 
rates for supraglottic devices and improving endotra-
cheal intubation performance over time [43].

While the use of data collected over an entire year 
ensures a comprehensive and representative picture 
of OHCA cases in the region, some study limitations 
should be considered. First, the retrospective nature of 
the data may have introduced inaccuracies. Second, the 
information on the use of AEDs and data on initial cardi-
ac rhythm were not available, preventing us from assess-
ing their contribution to resuscitation outcomes. Third, 
survival data beyond the pre-hospital phase were not 
collected, which restricted our ability to evaluate longer-
term outcomes such as survival to hospital discharge or 
neurological status. Finally, the registry did not allow us 
to distinguish between interventions performed by lay 
bystanders and those initiated by trained lay-responders, 
limiting our capacity to explore potential differences be-
tween these groups. These gaps underscore the impor-
tance of adopting more detailed and standardized data 
collection frameworks, to ensure consistent definitions, 
reduce heterogeneity, and improve the comparability of 
outcomes across registries [44].

CONCLUSIONS
This study offers an updated overview of OHCA in 

the Piedmont region, with an incidence comparable to 
national and European data. Bystander CPR, although 
associated with higher ROSC rates, was initiated in 
fewer than half of cases, particularly in the home set-
ting and rural context. These findings stress the impor-
tance of strengthening public training and optimizing 
dispatcher-assisted CPR to improve outcomes.
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Abstract
Background. Leptospirosis is an emerging public-health concern in urban settings, but 
data from temperate European cities remain limited. This study describes the 2025 lep-
tospirosis outbreak in Sarajevo Canton, Bosnia and Herzegovina.
Methods. A descriptive observational study was conducted using mandatory surveillance 
data and a supplementary epidemiological questionnaire based on the WHO Leptospi-
rosis Surveillance Tool. Cases were classified according to the ECDC case definition. 
Epidemiological, clinical, laboratory, and exposure characteristics were analysed.
Results. A total of 119 cases were recorded; 63.9% were male and the mean age was 
45.8±13.2 years. The overall incidence was 2.84 per 10,000 population, highest in Novi 
Grad municipality. Common symptoms included weakness, fever, chills, myalgia, and 
headache. Elevated liver enzymes were the only independent predictor of hospitalisation.
Conclusion. The outbreak indicates a shift toward urban leptospirosis, likely linked to 
environmental contamination and rodent activity rather than traditional rural or flood-
related exposure.

INTRODUCTION
Leptospirosis is a globally distributed zoonotic dis-

ease caused by pathogenic spirochaetes of the genus 
Leptospira, which colonise the renal tubules of ani-
mal hosts and are excreted in urine. Numerous spe-
cies act as intermediates, including rodents, livestock, 
and companion animals, while humans are incidental 
hosts, typically infected through direct or indirect con-
tact with contaminated water or soil [1]. The genus 
Leptospira comprises more than 60 species grouped 
into 24 serogroups and over 300 serovars, reflect-
ing substantial genetic diversity [2]. The pathogen 
can survive for prolonged periods in warm, humid 
environments, explaining its predominance in tropi-
cal and subtropical regions. However, leptospirosis is 
increasingly recognised as a re-emerging infection in 

temperate and urban settings, where exposure may oc-
cur through environmental contamination and rodent 
infestation [3-5].

Globally, more than one million human cases are es-
timated to occur annually, resulting in approximately 
59,000 deaths [3, 6]. The clinical presentation ranges 
from mild influenza-like illness to severe forms such 
as Weil’s disease, characterised by jaundice and renal 
failure, and leptospirosis pulmonary haemorrhagic syn-
drome, which carries a fatality rate exceeding 50% [7]. 
In its most severe form, leptospirosis may rapidly prog-
ress to multiorgan dysfunction, including circulatory 
collapse, acute respiratory distress syndrome (ARDS), 
and hepatic failure. Patients with critical disease often 
require intensive care, including vasopressor support, 
mechanical ventilation, and renal replacement therapy, 
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and mortality remains high despite optimal manage-
ment [8]. Owing to its non-specific early symptoms-
commonly fever, myalgia, headache, and chills leptospi-
rosis is frequently misdiagnosed, delaying appropriate 
antibiotic treatment [7].

In Europe, leptospirosis incidence declined during 
the latter half of the twentieth century; however, recent 
studies indicate a recrudescence, particularly in urban 
environments [4, 5]. This trend highlights the growing 
importance of urban reservoirs and suboptimal environ-
mental sanitation in sustaining transmission [9]. Never-
theless, comprehensive epidemiological data for Europe 
remain limited, and the true burden of urban and peri-
urban transmission is likely underestimated [10]. Envi-
ronmental conditions play a central role in leptospirosis 
transmission by influencing the survival and persistence 
of pathogenic Leptospira spp. The bacteria remains vi-
able for extended periods in fresh water and moist soil 
under moderate temperatures and neutral-to-alkaline 
pH conditions [11]. Several studies report higher recov-
ery rates from soil than from surface water, suggesting 
soil as an important long-term reservoir [9-11]. Dur-
ing heavy rainfall, re-suspension of contaminated soil 
particles may increase human exposure [12]. Distinct 
ecological transmission pathways have been described, 
with environmental distribution varying by setting [11]. 
Hydro-meteorological factors are consistently associ-
ated with leptospirosis risk. Periods of intense rainfall 
or flooding are commonly followed by increased human 
incidence, particularly when drainage, sanitation, and 
waste-management systems are disrupted [12-15]. Ur-
ban infrastructure further shapes leptospirosis dynam-
ics. Blocked drains, accumulated waste, open sewage 
channels, and unplanned urban development create 
favourable conditions for bacterial survival and rodent 
proliferation [12]. Environmental sampling has identi-
fied pathogenic Leptospira in soil and water even in ar-
eas without reported clinical cases, with environmental 
reservoirs often harbouring greater strain diversity than 
human infections [1, 16]. Rodents and dogs serve as 
key maintenance hosts, with intensified environmental 
contamination often following heavy rainfall or flood-
ing [17]. Evidence from Bosnia and Herzegovina shows 
that leptospirosis circulates among dogs, with higher 
seropositivity in older animals and during spring and 
autumn, supporting the role of domestic and stray ani-
mals as potential reservoirs and contributors to seasonal 
transmission patterns [18].

METHODOLOGY
The 2025 outbreak in Sarajevo Canton provides an 

opportunity to characterise leptospirosis in a temper-
ate urban European setting and to better define envi-
ronmental risk factors contributing to this re-emerging 
zoonosis. Epidemiological surveillance of leptospirosis 
was conducted through mandatory notifications from 
primary care physicians and infectious disease special-
ists at the Clinical Centre of the University of Sarajevo. 
Cases were classified as probable or confirmed accord-
ing to the European Centre for Disease Prevention and 
Control (ECDC) case definition. Harmonised case 
definitions are essential for effective surveillance and 

comparability across data collected in EU/EEA Mem-
ber States. Through Commission Implementing Deci-
sion (EU) 2018/945, the ECDC provides standardised 
clinical, laboratory, and epidemiological criteria to en-
sure consistent reporting and timely outbreak detec-
tion [19]. The EU case definition reflects the broad 
clinical spectrum of leptospirosis. A case meets clini-
cal criteria if fever is present or if at least two of the 
following symptoms occur: chills, headache, myalgia, 
conjunctival suffusion, rash, mucocutaneous bleeding, 
jaundice, myocarditis, meningitis, renal impairment, 
or acute respiratory symptoms. These manifestations 
range from mild febrile illness to severe disease, includ-
ing Weil’s disease and pulmonary haemorrhage [19]. 
Laboratory confirmation requires evidence of infection 
with pathogenic Leptospira spp., including isolation of 
the organism, detection of Leptospira DNA by poly-
merase chain reaction (PCR), identification in tissue 
by immunofluorescence, or serological confirmation 
of specific antibodies [19]. A probable case fulfilled 
clinical criteria and had a relevant epidemiological 
link-such as exposure to contaminated freshwater, ani-
mal contact, or high-risk environments-without labo-
ratory confirmation. A confirmed case required clini-
cal criteria plus laboratory confirmation, regardless of 
documented exposure. This classification framework 
supports rapid public health action while ensuring 
diagnostic accuracy [19]. In Canton of Sarajevo sero-
logical testing for leptospirosis was performed using 
chemiluminescent immunoassay (CLIA) in a referral 
laboratory. In addition, PCR testing was conducted to 
exclude other infectious diseases that could potentially 
lead to cross-reactivity in serological assays. Data on 
Leptospira serogroups were not available, as serogroup 
identification was not performed.

In the Federation of Bosnia and Herzegovina, com-
municable disease surveillance is based on mandatory 
reporting under the Law on Health Care [20], the Law 
on the Protection of the Population from Infectious 
Diseases [21], and the Rulebook on the Procedure for 
Reporting Communicable Diseases [22]. Although 
routine epidemiological interviews for leptospirosis are 
not formally required under the Rulebook, the unusu-
ally high number of reported cases prompted the de-
velopment of a targeted survey. This survey was adapt-
ed from the WHO Leptospirosis Surveillance Tool 
and used to collect additional data on environmental 
exposures, occupational risks, and potential transmis-
sion routes. In accordance with national legislation, 
anti-epidemic measures were implemented for each 
reported case, including rodent control (deratisation) 
and disinfection of public transport vehicles. The out-
break was formally reported to the veterinary inspec-
tion to support coordinated animal and environmental 
surveillance. Following a rapid increase in case num-
bers and on the recommendation of epidemiologists 
from the Institute of Public Health of Sarajevo Can-
ton, a leptospirosis epidemic was officially declared on 
15 May 2025 and lifted on 29 September 2025. Mu-
nicipal services were instructed to intensify sanitation 
measures, and systematic deratisation was conducted 
across the entire canton.
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O
r

ig
in

a
l
 a

r
t

ic
l

e
s
 a

n
d

 r
e

v
ie

w
s

226

Communication
Effective communication was a central component of 

the outbreak response. After the initial notification of 
cases presenting as fever of unknown origin, the Public 
Health Institute of Sarajevo Canton issued an official 
alert to all healthcare institutions, calling for heightened 
vigilance, diagnostic consideration of leptospirosis, and 
timely reporting. In line with ECDC guidance on out-
break risk communication [23] and WHO recommen-
dations for clear, timely, and transparent public com-
munication [24], particular emphasis was placed on 
accuracy, consistency, and evidence-based messaging, 
especially in the post-COVID-19 context where pub-
lic trust is fragile. Once epidemic conditions were for-
mally met, a press conference was organised to inform 
the public about the disease, current case numbers, 
geographical distribution, clinical severity based on 
hospital data, transmission routes, and recommended 
preventive measures. Communication strategies priori-
tised clear, factual, and reassuring messages to reduce 
misinformation and unnecessary social concern. Daily 
situation updates were disseminated using infograph-
ics published on the Institute’s website and distributed 
through established media mailing lists. Preventive 
guidelines were issued for educational institutions, 
nursing homes, and pet owners, alongside recommen-
dations related to outdoor activities and contact with 
potentially contaminated environments.

Statistical analysis
All statistical analyses were performed using RStu-

dio (version 2024.12.0+467, Posit Software, Boston, 
MA, USA). Descriptive statistics were used to sum-
marise demographic, clinical, laboratory, and exposure 
characteristics. Continuous variables (e.g., age) were 
expressed as mean ± standard deviation (SD) and com-
pared between groups using the Student’s t-test for 
independent samples. Categorical variables were pre-
sented as absolute numbers and percentages (N, %), 
and differences between groups (male vs female) were 
assessed using the chi-square (χ²) test or Fisher’s ex-
act test when expected cell counts were below five. The 
level of statistical significance was set at p<0.05. Inci-
dence rates were calculated per 10,000 inhabitants for 
each municipality within Sarajevo Canton using 2025 
population estimates from the Agency for Statistics of 
Bosnia and Herzegovina. Spatial distribution of cases 
was visualised using a choropleth map, with municipali-
ties colour-coded according to incidence levels.

RESULTS
A total of 119 individuals were included, of whom 

76 (63.9%) were male and 43 (36.1%) female. The 
mean age was 45.8±13.2 years, with males significantly 
younger than females (43.4±12.5 vs 50.1±13.5 years, 
p=0.007). Most cases occurred in the 30-65-year age 
group (76.5%), followed by 20-29 years (13.4%), ≥66 
years (8.4%), and 5-19 years (1.7%). Age distribution 
did not differ significantly by sex (p=0.090) (Table 
1). Confirmed cases accounted for 37.8% and prob-
able cases for 62.2%, with no significant sex difference 
(p=0.281).

Clinical manifestation
The most frequently reported symptoms were gen-

eral weakness (87.4%), fever (79.0%), chills (63.0%), 
muscle pain (61.3%), and headache (61.3%). Confusion 
occurred in 11.8% of cases, more often in males than 
females (15.8% vs 4.7%, p=0.07). Other symptoms in-
cluded vomiting (3.4%), diarrhoea (0.8%), neck stiffness 
(7.6%), jaundice (1.7%), cough (10.9%), and shortness 
of breath (7.6%), with no significant sex differences. 
Laboratory abnormalities were frequently observed, 
particularly elevated liver enzymes, with 48.7% of pa-
tients showing mild to moderate AST/ALT elevation and 
11.8% exhibiting severe elevations (≥5× upper normal 
limit). Elevated GGT was observed in 21.8% of patients, 
while bilirubin elevation was rare (1.7%). No signifi-
cant biochemical differences were found between sexes 
(p>0.05). The vertical timeline illustrates the typical 
clinical course during the first 10 days of illness (Figure 
1). Early symptoms included fever, chills, general weak-
ness, headache, and occasional cough, often leading to 
misdiagnosis as a viral illness. A transient improvement 
around days 3-4 was followed by recurrent high fever, 
myalgia, and cough on days 5-6. Days 6-7 were charac-
terised by severe myalgia and marked liver enzyme ele-
vation, while bilirubin levels generally remained normal. 
Most patients sought medical care during this phase, 
and antibiotic therapy was initiated. Symptoms peaked 
around days 7-8, with clinical improvement typically ob-
served within 48 hours of treatment initiation.

Risk factors
Overall, 40 participants (33.6%) reported at least one 

identifiable risk factor, with similar prevalence among 
males (34.2%) and females (32.6%) (p=0.855). The 
most frequent exposures were working the soil (9.2%), 
cleaning basements (4.2%), and recent skin wounds 
(4.2%). No respondents reported direct contact with 
flood waters. Outdoor recreational activities were re-
ported by 5.0%. Animal contact was reported by 14.3% 
of participants, most commonly cats (46%) and parrots 
(33%), followed by dogs (13%) and other pets. No as-
sociation was found between pet ownership and sex 
(p=0.533).

The full logistic regression model significantly im-
proved fit compared with the null model (Δχ²=18.243, 
p=0.032), with moderate explanatory power (Nagelker-
ke R²=0.343; Tjur R²=0.167). Elevated AST-ALT val-
ues were the only significant predictor of hospitaliza-
tion (OR=11.58, p=0.039), indicating substantially 
increased odds of admission (Table 2). Other symp-
toms, including chills, general weakness, headache, and 
cough, were not significant predictors. Very large coef-
ficients for recent skin injury and reported risk factors 
suggested quasi-separation, resulting in unstable esti-
mates. Age ≥50 years and sex were not associated with 
hospitalization risk.

Incidence of leptospirosis by municipality, Canton 
Sarajevo, 2025

A total of 119 leptospirosis cases were recorded in Sa-
rajevo Canton, corresponding to an overall incidence of 
2.84 per 10,000 population. Incidence varied markedly  
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Table 1
Demographic, clinical, and laboratory characteristics of patients with leptospirosis, Canton Sarajevo, 2025

Variable Total N of patients 
(n=119)

Male patients 
(n=76)

Female patients 
(n=43)

p

Demographic characteristics

N of subjects, n (%) 119 (100%) 76 (63.9%) 43 (36.1%)

Age (Mean ± SD) 45.8±13.2 43.4±12.5 50.1±13.5 0.007

Age groups N (%) N (%) N (%)

5-19 years 2 (1.7%) 0 (0%) 2 (2.6%) 0.090

20-29 years 16 (13.4%) 5 (11.6%) 11 (14.5%)

30-65 years 91 (76.5%) 31 (72.1%) 60 (78.9%)

66+ years 10 (8.4%) 7 (16.3%) 3 (3.9%)

Confirmed or probable case

Confirmed case 45 (37.8%) 26 (34.2%) 19 (44.2%) 0.281

Probable case 74 (62.2%) 50 (65.8%) 24 (55.8%)

Clinical characteristics

Hospitalization 9 (7.6%) 7 (8.9%) 2 (4.6%) 0.368

Symptoms

Vomiting 4 (3.4%) 1 (1.3%) 3 (7.0%) 0.100

Diarrhoea 1 (0.8%) 0 (0%) 1 (2.3%) 0.182

Fever 94 (79.0%) 58 (76.3%) 36 (83.7%) 0.341

Chills 75 (63.0%) 48 (63.2%) 27 (62.8%) 0.968

General weakness 104 (87.4%) 66 (86.8%) 38 (88.4%) 0.809

Confusion 14 (11.8%) 12 (15.8%) 2 (4.7%) 0.070

Conjunctival hyperaemia 10 (8.4%) 7 (9.2%) 3 (7.0%) 0.673

Headache 73 (61.3%) 50 (65.8%) 23 (53.5%) 0.186

Neck stiffness 9 (7.6%) 4 (5.3%) 5 (11.6%) 0.207

Muscle pain 73 (61.3%) 45 (59.2%) 28 (65.1%) 0.525

Jaundice 2 (1.7%) 1 (1.3%) 1 (2.3%) 0.681

Cough 13 (10.9%) 10 (13.2%) 3 (7.0%) 0.299

Shortness of breath 9 (7.6%) 6 (7.9%) 3 (7.0%) 0.856

Laboratory findings

Hepatocellular injury markers (AST/ALT), n (%)
None/non-reported elevation
Mild to moderate elevation ≤5 ULN*
Acute liver injury >5 ULN*

47 (39.5%)
58 (48.7%)
14 (11.8%)

28 (36.8%)
38 (50.0%)
10 (13.2%)

19 (44.2%)
20 (46.5%)
4 (9.3%)

0.791

Significantly elevated GGT values 26 (21.8%) 19 (25.0%) 7 (16.3%) 0.269

Elevated bilirubin 2 (1.7%) 1 (1.3%) 1 (2.3%) 0.681

Risk factors

Any risk factor 40 (33.6%) 26 (34.2%) 14 (32.6%) 0.855

Skin injury or wound in the past month 5 (4.2%) 2 (2.6%) 3 (7%) 0.256

Walking barefoot in the past month across 
meadows or similar areas

2 (1.7%) 1 (1.3%) 1 (2.3%) 0.681

Working the soil (cultivation/gardening) 11 (9.2%) 9 (11.8%) 2 (4.7%) 0.193

Cleaning the basement 5 (4.2%) 3 (3.9%) 2 (4.7%) 0.854

Contact with flood waters 0 0% 0% x

Activities: hiking, kayaking, rafting, swimming, or 
similar

6 (5%) 4 (5.3%) 2 (4.7%) 0.883

Having pets 14.3 (%) 12 (15.8%) 5 (11.6%) 0.533

*ULN: upper limit of normal.
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by municipality, with the highest rate in Novi Grad 
(6.52/10,000), accounting for 67.2% of cases (n=80). 
Moderate rates were observed in Centar (2.48/10,000) 
and Stari Grad (1.76/10,000), while Novo Sarajevo 
(1.11/10,000) and Ilidža (1.26/10,000) had lower rates 
(Figure 2). Peripheral municipalities showed the lowest 
incidence, and no cases were reported in Trnovo. The 
spatial pattern demonstrates a clear concentration of 
cases in the urban core, particularly Novi Grad, sug-
gesting a potential association with population density, 
sanitation conditions, and rodent exposure.

DISCUSSION
This study provides the first detailed description of 

a leptospirosis outbreak in an urban setting in Bosnia 
and Herzegovina, highlighting a change in the epide-
miological pattern of this traditionally rural zoonosis. 
The concentration of cases in densely populated munic-
ipalities, highlights the growing role of urban environ-

mental factors-such as sanitation, waste management, 
and rodent activity-in sustaining transmission. Clinical 
presentation was largely non-specific in the early phase, 
frequently resulting in diagnostic delays and misclassi-
fication as viral illnesses, a challenge well documented 
in leptospirosis literature. Notably, classic transmission 
pathways were largely absent. Most patients denied re-
cent skin wounds, and despite the presumed role of ro-
dents in urban transmission, no cases of haemorrhagic 
fever or other rodent-borne viral infections were detect-
ed in Sarajevo Canton during 2025 up to 15 Novem-
ber, nor were any suspected cases reported. Interest-
ingly, the municipality with the highest incidence was 
Novi Grad Sarajevo, a highly urbanized area with de-
veloped infrastructure and complex environmental and 
municipal management systems. Water supply is pre-
dominantly provided through the central public system, 
with most residents supplied from the Sarajevsko polje 
source and an extensive distribution network. Sewerage 

Table 2
Factors contributing to hospitalization

Model* Deviance AIC BIC df Δχ² p McFadden R² Nagelkerke R² Tjur R² Cox & Snell R²

M₀ 63.78 65.776 68.55 118 — — 0 0 0 0

M₁ 45.53 65.533 93.32 109 18.243 0.032 0.286 0.343 0.167 0.142

Predictor Estimate Standard Error Odds Ratio z Wald χ² p

Intercept -3.651 2.324 0.026 -1.571 2.468 0.116

Chills -1.554 1.025 0.212 -1.516 2.297 0.130

General weakness 0.494 1.406 1.638 0.351 0.123 0.726

Headache -0.817 1.041 0.442 -0.785 0.617 0.432

Cough 1.285 1.416 3.614 0.908 0.824 0.364

Skin injury in past month 20.195 2654.172 5.899×10⁸ 0.008 5.79×10–⁵ 0.994

Risk factors -17.885 2654.171 1.708×10–⁸ -0.007 4.54×10–⁵ 0.995

Age ≥50 -0.164 0.829 0.849 -0.198 0.039 0.843

Sex 0.561 0.849 1.752 0.660 0.436 0.509

Significant increase of liver 
enzymes

2.449 1.184 11.581 2.069 4.281 0.039

*M₀ denotes the null logistic regression model including only the intercept, whereas M₁ denotes the full multivariable model including all candidate predictors. Δχ² 
indicates the likelihood ratio test comparing M₁ to M₀.

Timeline of symptom progression

1 2 4 5 7 7 9

Day

Day

Day Day Day

RETURN VISIT TO
THE DOCTOR’S OFFICE

Antibiotics are proscribed Day

SYMPTOMS
Fever up to 38°C, chills, weakness.

Misdiagnosed as a viral ilness or Covid-19.
Some patients had headache and cough

NEW WAVE OF SYMPTOMS
Temperature increasing up to 40°C,

muscle pain, cough

NEW WAVE OF
SYMPTOMS

Severe muscle pain, significantly
elevated liver enzymes 

Symptoms resolve
following antibiotic

treatment

Day

SYMPTOMS
Feeling slightly better, headache,

general weakness and chils.
Some patients have muscle

pain or diarrhoea

Figure 1
Timeline of symptom progression among patients with leptospirosis in Canton Sarajevo, 2025.
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infrastructure is also widely present, and the munici-
pality hosts the central wastewater treatment plant in 
Butile, which treats wastewater before discharge into 
the Bosna River. The area is also exposed to flood risks, 
particularly following major events in 2014 and 2021 
that prompted river regulation and flood protection 
measures. However, most reported cases were identi-
fied in urban residential blocks where full municipal in-
frastructure is present [25].

Findings from Okinawa Prefecture align closely with 
our observations [26]. In their 18-year review, 46.3% 
of 531 clinically suspected cases were laboratory-con-
firmed, with a strong male predominance and most 
cases occurring in young adults. Fever, myalgia, and 
conjunctival hyperaemia predominated, reflecting non-
specific febrile illness at presentation. Importantly, tra-
ditional agricultural exposures were uncommon, while 
recreational and occupational river-water exposure 
emerged as the main risk factors in this urban-peri-
urban setting [26]. These findings are consistent with 
global evidence that leptospirosis is increasing an urban 
disease. A systematic review by Mutalip et al. identified 
a growing burden in urban areas, driven by inadequate 
waste management, rodent proliferation, and deterio-
rating sanitation [5]. Similarly, Obels et al. reported a 
rising national incidence in the Netherlands between 
2010 and 2021, linking urban cases to environmen-
tal exposure and climatic variability [9]. At a broader 
scale, Costa et al. estimated over one million cases and 
nearly 59,000 deaths annually worldwide, underscoring 
the major public health impact of leptospirosis and its 
frequently under-recognised clinical presentation [7]. 
Beauté et al. further highlighted substantial heteroge-
neity across EU/EEA countries, noting that urban out-
breaks are likely under-detected because of non-specific 
symptoms and misdiagnosis [27].

Evidence from Western Europe further supports the 
urban transmission pattern observed in Sarajevo. Dup-
ouey et al. described the re-emergence of leptospiro-
sis in Europe, with an increasing proportion of cases 
linked to urban transmission rather than traditional 
rural exposures. Expansion of wild rodent populations 
in cities was identified as a key driver, and although 
overall EU incidence remains low (0.13 per 100,000), 
urban outbreaks are likely underestimated, mirror-
ing the diagnostic challenges seen in our setting [4]. 
Global modelling by Costa et al. estimated an annual 
incidence of 14.77 cases per 100,000 population and 
0.84 deaths per 100,000 worldwide [7]. In contrast, 
Sarajevo Canton experienced an incidence of 2.84 
per 10,000 (≈28.4 per 100,000), with one municipal-
ity reaching 6.52 per 10,000 (≈65.2 per 100,000), 
substantially exceeding global averages. This disparity 
suggests either an unusually intense local outbreak or 
enhanced surveillance and diagnostic awareness, or 
both. It also reinforces the likelihood that leptospiro-
sis remains under-estimated elsewhere, partly due to 
empirical antibiotic treatment prior to confirmation. 
Environmental and occupational risk factors related 
to water, infrastructure, landscape, agriculture, and 
animal exposure play an essential role in leptospiro-
sis transmission. The magnitude of these risk factors 
varies across geographical regions and is influenced by 
climate, urbanization, population growth, and socio-
economic conditions [28]. These risk factors are par-
ticularly relevant for Bosnia and Herzegovina, where 
seasonal precipitation, flood events, and mixed urban–
rural environments create favourable conditions for 
transmission, especially in areas with inadequate in-
frastructure and close human-animal interaction [29].

Although leptospirosis is considered uncommon in 
the continental United States, surveillance data indicate 
persistent underdiagnosis and periodic outbreaks too. 
National data linked most cases to freshwater exposure 
and rodent contact, with frequent hospitalisation and 
case-fatality rates up to 6% [30]. Waterborne outbreaks 
among athletes, including triathlon- and adventure-
race-associated events, further emphasise the role of 
environmental exposure following rainfall [31]. More 
recent CDC surveillance confirmed ongoing sporadic 
transmission, with Puerto Rico experiencing recurrent 
clusters of severe disease [32]. Hawai‘i continues to re-
port the highest endemic incidence in the US, driven 
by heavy rainfall, abundant rodent reservoirs, and occu-
pational exposure, with long-term surveillance confirm-
ing persistent environmental circulation of pathogenic 
Leptospira [33].

Collectively, these findings support our conclusion 
that leptospirosis in Sarajevo Canton during 2025 fol-
lowed an urban transmission pattern, characterised by 
non-specific clinical presentation, absence of classic 
exposure pathways, and risk factors consistent with 
rodent-associated environmental contamination rather 
than agricultural or flood-related exposure.

CONCLUSION
The 2025 leptospirosis outbreak in Sarajevo Canton 

demonstrates that this traditionally rural zoonosis can 

Figure 2
Incidence of leptospirosis by municipality, Canton Sarajevo, 
2025.
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O
r

ig
in

a
l
 a

r
t

ic
l

e
s
 a

n
d

 r
e

v
ie

w
s

230

represent a significant urban public health challenge. 
The concentration of cases in densely populated ar-
eas highlights the importance of urban environmental 
determinants, including sanitation, waste manage-
ment, and rodent control, in sustaining transmission. 
Although clinical outcomes were generally favourable, 
diagnostic delays were observed, largely due to non-spe-
cific early symptoms and initial misclassification as viral 
infections, underscoring the need for improved clinical 
awareness and timely laboratory confirmation.

This outbreak emphasises the importance of inte-
grated surveillance and intersectoral collaboration be-
tween public health, veterinary, and municipal services. 
Strengthening routine environmental monitoring, sys-
tematic rodent control, and targeted risk communica-
tion should be prioritised in urban preparedness strat-
egies. The findings indicate that leptospirosis is not 
confined to rural or post-flood settings but can emerge 
in urban environments through complex interactions 
between humans, animals, and the urban ecosystem.

Strengths and limitations
Strengths

This study represents the largest systematically docu-
mented leptospirosis outbreak in an urban setting in 
Bosnia and Herzegovina and the surrounding region, 
providing novel insight into the epidemiology of a tra-
ditionally rural zoonosis within a densely populated 
European environment. Integration of clinical, labora-
tory, environmental, and epidemiological data enabled 
comprehensive characterisation of the outbreak and its 
determinants. Use of the standardised ECDC case def-
inition ensured comparability with European surveil-
lance systems, while the epidemiological questionnaire 
adapted from the WHO Leptospirosis Surveillance 
Tool allowed detailed assessment of exposure path-
ways beyond routine reporting. Complete inclusion of 
all diagnosed cases and high-resolution spatial analysis 
strengthened the understanding of urban transmission 
dynamics in temperate settings.

Limitations
Reliance on routine diagnostic pathways resulted in 

a high proportion of probable cases, reflecting limited 
access to confirmatory laboratory testing, which was 
mainly available early in the outbreak or through sero-

logical analysis. The non-specific clinical presentation, 
overlapping with common viral illnesses, may have con-
tributed to delayed diagnosis and underreporting. Ex-
posure data were based on self-reported questionnaires, 
introducing potential recall bias for minor environmen-
tal contacts. Although all cases were included, the small 
number of hospitalisations limited statistical power in 
regression analyses, leading to unstable estimates. As 
an observational outbreak investigation, causal relation-
ships between environmental conditions and transmis-
sion cannot be definitively established.
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Abstract
Introduction. Polybrominated diphenyl ethers (PBDEs) have been used as flame re-
tardants for years, until they were banned following their inclusion in the Stockholm 
Convention on Persistent Organic Pollutants (2001). The chemical and physical proper-
ties of PBDEs determine their ability to spread and accumulate in the environment and 
bioaccumulate along food chains. More than 90% of total human exposure to PBDEs 
comes from food. Chronic exposure to PBDEs can cause hepatotoxic, thyrotoxic, neu-
rotoxic, genotoxic, immunotoxic, developmental toxic and potential carcinogenic effects 
in humans. Although the ban began decades ago, PBDEs are still present in various 
environmental matrices. 
Method. This review aims to assess the current picture of human exposure to PBDEs 
by collecting and evaluating data from human biomonitoring studies available worldwide 
over the last 10 years. 
Results and conclusions. The analysis of chosen papers suggests that levels of BDE-47, 
BDE-99, BDE-100 and BDE-153 have a global unclear trend, depending on the geo-
graphical area in question in the last ten years.

INTRODUCTION 
Polybrominated diphenyl ethers (PBDEs) are a fam-

ily of 209 congeners that differ in the number and posi-
tion of bromine atoms attached on the two aromatic 
rings, produced by the bromination reaction of diphe-
nyl oxide. They are stable compounds characterized 
by boiling temperatures ranging from 310 to 425 °C 
and low vapour pressures with values ranging from ap-
proximately 10-1 Pa for mono-brominated to 10-13 Pa for 
decaBDE (BDE-209) at 298.15 K; they are also highly 
lipophilic substances whose solubility in water is ex-
tremely low and decreases with increasing bromination 
degree. The n-octanol-water partition coefficient, log 
(KOW), varies between 4.28 and 9.9 [1].

The most important industrial use of PBDEs has 
been as flame retardants, with the aim of reducing the 
flammability of various materials used in everyday prod-
ucts. PBDEs have been widely incorporated into items 
like foam cushioning and fabrics in sofas/chairs and 
plastics for electrical and electronic equipment such as 
TV monitors, computers, and printers [2-4].

The most widely used flame retardants for years were 
mixtures of PBDEs containing mainly tetra-, penta-, 

octa- and deca-brominated congeners, until they were 
banned following their inclusion in the Stockholm Con-
vention on Persistent Organic Pollutants [5]. Among 
the aforesaid congeners, deca-PBDE was the most 
widely produced one, accounting for approximately 
75% of total PBDEs production [6]. Due to their wide 
use, PBDEs were released into the environment dur-
ing industrial manufacturing, use of end products, and 
nowadays, they can be still liberated in the environment 
during waste management operations [7-9].

With the implementation of Directive 2002/95/EC 
(known as RoHS – Restriction of Hazardous Substanc-
es) [10], PBDEs use in electrical and electronic equip-
ment has been discontinued; various measures have 
been adopted to regulate or phase out PBDEs in several 
countries, leading to their ban in the EU in 2004 [11]. 
The replacement of PBDEs with other flame retardants 
primarily driven by concerns regarding their persis-
tence, bioaccumulation capacity and toxicity [12].

The chemical and physical properties of PBDEs de-
termine their ability to spread and accumulate in the 
environment and bioaccumulate along food chains. 
Bioaccumulation capacity is congener-specific, and 
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generally, congeners with a lower degree of bromina-
tion can bioaccumulate to a greater extent than those 
with a higher degree of bromination. Highly bromi-
nated congeners, such as deca-BDE, are found mainly 
in environmental matrices such as sediments and soils, 
while they are difficult to detect in biota [13]. This in-
dicates that the bioaccumulation of highly brominated 
PBDEs congeners (particularly deca-BDE) is relatively 
low. In mammals, including humans, PBDEs accumu-
late mainly in adipose tissue, the gastrointestinal tract 
and the liver.

The general population’s exposure to PBDEs (Figure 
1) occurs mainly through the diet, especially from ani-
mal sources such as fish, meat, eggs and fats. Specifical-
ly, it has been estimated that in the general population, 
more than 90% of total human exposure to PBDEs 
comes from food [14, 15]. Also, inhalation of house-
hold dust seems to be an important route of exposure 
to these contaminants [4, 16, 17]. In addition, for new-
born and infants, relevant exposure sources are breast 
milk consumption [18-20], and exposure through the 
placenta during the prenatal life period [21-23], and 
household dust [4].  Four congeners (PBDE-47, -99, 
-153, and -209) were most frequently found in the envi-
ronment and in human biological media: for them toxi-
cological studies suitable for dose response assessments 
were available [24]. For the identical reason, the same 
ones were also taken into consideration by the Europe-
an Food Safety Authority [25, 26] to develop advice for 
human consumption. Chronic exposure to PBDEs can 
cause hepatotoxic, thyrotoxic, neurotoxic, genotoxic, 
immunotoxic, developmental toxic and potential carci-
nogenic effects in humans [15, 27]. The International 
Agency for Research on Cancer (IARC) classified PB-
DEs as “probably carcinogenic to humans” (Group 2A) 
based on mechanistic similarities to polychlorinated bi-
phenyls [28].

Despite the restrictions, PBDEs are now mainly 
found in bulky waste and municipal waste consisting 
of electrical and electronic equipment and plastics, for 
which recovery and recycling activities can promote 
their re-release into the environment [4, 7-9]. For this 
reason, it is extremely important to continue monitor-
ing the presence of PBDEs in the environment and in 
humans. The best way to assess the extent of human ex-
posure to PBDEs is through human biomonitoring, i.e., 
by measuring their concentration in tissues or biological 
fluids. The best matrix for assessing the internal dose of 
this type of compound is human blood/serum, although 
they can also be measured in other matrices, including 
breast milk. Among all matrices, blood is widely used 
and is considered the ideal matrix for most chemicals 
due to its contact with the whole organism and its equi-
librium with organs and tissues where chemicals are 
stored. In the human body, PBDEs accumulate mainly 
in adipose tissue from which they can pass into plasma 
or serum lipids and from there reach tissues and target 
organs [29]. PBDEs have been measured in human se-
rum in various countries around the world. This review 
aims to assess the current picture of human exposure 
to PBDEs by collecting and evaluating data available 
worldwide over the last 10 years.

METHOD
Bibliographic research and study selection

In this review, PubMed, Google Scholar, ACS Publi-
cations, and Science-Direct databases were consulted. 
The search results were updated on November 10, 
2025. Keywords including “human exposure, PBDEs or 
polybrominated diphenyl ethers, flame retardants, gen-
eral population, levels, women, men, breast milk or hu-
man milk, blood, serum, pregnant women, PBDE-47, 
PBDE-99, PBDE-100, PBDE-153, PBDE-209” were 
considered involving 2-3 keywords for each search.

This review aims to assess the current exposure to 
PBDEs of the general population worldwide. Due to 
restrictions on the use of PBDEs, the number of ex-
posure assessment studies is declining. The phase-out, 
which began with voluntary manufacturer actions in 
the early 2000s [30] and was later reinforced by regula-
tions (the Stockholm Convention and the EU’s POPs 
Regulation) [5], is expected to have led to a decrease 
in human exposure to PBDEs in recent years. For this 
reason, we have considered all geographical areas of the 
planet, from the USA to China, from India to Europe, 
from Africa to Oceania. We also included studies that 
assessed exposure to multiple contaminants (e.g., poly-
chlorinated biphenyls (PCBs), polychlorinated diben-
zo-p-dioxins and -furans (PCDDs/PCDFs), hexabro-
mocyclododecane (HBCDD), per- and polyfluoroalkyl 
substances (PFASs), etc.). Further inclusion criteria 
were: (1) papers published from 2020 to 2025 in sci-
entific journals; (2) studies on general population; (3) 
studies with a sampling year from 2015 onwards; (4) 
studies reporting results on lipid weight.

Upon initial review, a total of 48 studies were deemed 
valid for our purposes. After further screening and eval-
uation, 13 final studies were selected. The workflow was 
also presented in Figure 2. Most of the selected stud-

Food

Dust

Sediment

Soil

Sources
of exposure

Exposure route

Inhalation

Ingestion

Dermal contact

Figure 1 
Routes and sources of human exposure to polybrominated di-
phenyl ethers (PBDEs).
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ies were from China. We found that human serum and 
breast milk were the most analyzed matrices. PBDEs 
were also detected in placenta and adipose tissue sam-
ples. Unfortunately, no articles relating to exposure of 
the male population were found that met our selection 
criteria. Data relating to the male population only were 
usually included in studies on the general population. 
However, in this paper we consider the study conduct-
ed by [16] on males, despite it was published in 2019, 
to collect some indicative information about this group 
of population.

In our study, we selected PBDE-47, -99, -100, and 
-153 for analysis because they were the most frequently 
quantified and reported as individual congeners in the 
available literature. No quantitative meta-analysis was 
conducted in this review paper.

RESULTS
Due to the heterogeneity of the papers (samples, 

countries, laboratories, detection method and data 
processing), we present a summary of the collected 
data. The PBDEs levels, year and country of sampling, 
sample size, and sampling period were reported in Table 
1, where studies are listed in ascending order by sam-
pling date. Only studies carried out by methods based 
on high sensitivity and specificity techniques, and in 
which analytical reliability was specifically warranted, 
were taken into consideration. The arithmetic mean, 
median, and geometric mean concentrations of PBDEs 
were summarized and compared to assess the presence 

of these compounds in human matrices. Minimum and 
maximum values, along with concentration ranges, 
were also reported when available. The median concen-
tration was used for comparison to reduce the influence 
of skewed distributions. When the median value was 
unavailable, the geometric mean or arithmetic mean 
was used instead.

All studies were published from 2020 to 2025, except 
for [16], and samples were collected between 2015-
2023. Eight of the studies exclusively sampled women 
of reproductive age [31-38]. Mixed male and female 
studies generally had wider age ranges [39-41]. As men-
tioned above, only one study concerned male exposure 
[16]. In collected data, PBDEs concentrations in blood/
serum were reported in six studies [16, 32, 38-41], which 
included 961 participants from four countries (three 
from Asia and one from USA); levels in breast milk were 
reported in five studies [31, 33-36], which included 345 
participants from five countries. In one study [36], PB-
DEs levels were measured in 1,280 Chinese placental 
tissues, while in another research [41] 150 adipose tis-
sue samples were analyzed in female patients undergoing 
plastic surgery from Hospital in China.

Globally, the total concentrations of the four selected 
PBDEs Σ4[PBDE-47, -99, -100, -153] ranged from 0.10 
to 26.12 ng/g on lipid weight (lw) in blood and from 
0.03 to 3.90 ng/g lw in breast milk. Within these totals, 
PBDE-153 was the highest contributing congener in 
both blood and breast milk while the lowest contribut-
ing congeners were PBDE-99 in blood and PBDE-100 

Study deemed 

valid for our 

purpose 

(N=48)

Record identified 
from Google Scholar 

Record identified
from PubMed

Record identified from 
Science-Direct

Record identified from 
ACS Publications 

Records after further screening and evaluation (N=13)

N=5

PBDEs concentration in 

breast milk

345 partecipants 
(China, US, Europe)

N=6

PBDEs concentration in 

blood/serum

961 partecipants 
(China and US)

N=1

PBDEs concentration 

in placental tissues

1,280 partecipants
(China) 

N=1

PBDEs concentration 

in adipose tissues

150 partecipants 
(China) 

Inclusion criteria applied 

• Studies involving the general population 
were selected 

• Papers published from 2020 to 2025 
were collected 

• Studies were included if the sample 
• collection began in 2015 

• Results of concentration of PBDEs were 
expressed on lipid weight 

Figure 2 
Reference scheme for selecting polybrominated diphenyl ethers (PBDEs) biomonitoring studies.
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Table 1
Summary of PBDEs biomonitoring data from international studies. The following information is reported: article source, year and 
country of sampling, matrix and sample size, age of participants and their BMI, and concentration of PBDE-47, -99, -100, and -153

Year of 
sampling

Country Matrix and 
number of 

samples

Age of 
participants 

(years)

BMI PBDE-47
(ng/g lw)

PBDE-99
(ng/g lw)

PBDE-100
(ng/g lw)

PBDE-153
(ng/g lw)

Ref.

2014-2015 Colombia Breast milk, 
60

26.1±7.0 24.4±4.1 Mean±SD: 
0.78±0.91

Range: 
0.06-5.5

25th 50th 
75th 95th: 

0.28 0.50 0.94 
2.26

Mean±SD:
0.28±0.47

Range:     
<LOD-2.28
25th 50th 
75th 95th:  

0.04 0.13 0.27 
1.50

Mean±SD:
0.24±0.44

Range:
<LOD-2.23
25th 50th 
75th 95th:  
<LOD 0.09 
0.20 1.25

Mean±SD:
0.14±0.2
Range:

<LOD-1.12
25th 50th 
75th 95th:  

0.04 0.06 0.16 
0.50

Torres-
Moreno 

et al. 2023 
[31]

2016 Laizhou Bay, 
north China

Serum, 172 
adults (118 
males and 

54 females)

21-58
Mean: 36

17.4-34.1
Mean: 24.2

Median: 
0.482

Mean: 1.84
GM: 0.607

Range: 
5.50x10-2-85.8

Median: 
0.434

Mean: 2.53
GM: 0.600

Range: 3.10 
x10-2-66.8

Median: 
0.251

Mean: 1.69
GM: 0.333

Range: 2.20 
x10-2-104

Median: 2.25
Mean: 4.65
GM: 2.62
Range:  

0.147-104

Zhao et 
al., 2021 
(a) [39]

2014-2018 USA 
(California)

Serum, 506 
pregnant 
women

32±5.4 – Median: 10.9
Max: 364.3

Median: 4.1
Max: 141.3

Median: 
<LOQ

Max: 90.2

Median: 9.59
Max: 232.1

Eick et al., 
2020 [32]

2016-2017 Qingyuan 
People’s 
Hospital, 

China

Serum,76 
adult males 
living in an 

e-waste 
area

37.5±8.6
20-50 years

23.74±2.81 GM: 
0.95±2.30

GM: 
0.55±1.64

GM: 
0.28±0.62

GM: 
3.32±4.93

Yu et al. 
2019 [16]

2016-2018 Germany Breast milk, 
100

20-45
Median: 34

– Median: 
0.204

Mean: 0.314
Max: 0.122

Median: 
0.062

Mean: 0.086
Max: 2.42

Median: 
0.054

Mean: 0.076
Max: 0.419

Median: 
0.378

Mean: 0.464
Max: 0.453

Fromme 
et al., 2022 

[33]

2018 Beijing, 
China

Breast milk, 
105 

20-40 – Median: 
0.0759

Mean: 0137
Min.: 0.0336

Max: 1.71

Median: 
0.0344

Mean: 0.0468
Min.: 0.0091
Max: 0.296

Median: 
0.0336

Mean: 0.0513
Min.: 0.00739

Max: 0.643

Median: 
0.389

Mean: 0.527
Min.: 0.114
Max: 5.67

Zhao et 
al., 2021 
(b) [34]

2019 China Adipose 
tissue of 

women, 150 

35.91 ± 10.61 
(21-84)

– Median: 2.01
Mean: 2.72

Median: 0.43
Mean: 0.72

Median: 0.69
Mean: 1.03

Median: 
26.12

Mean: 30.44

Zhang et 
al., 2022 

[41]

2019 USA Breast milk, 
50 

24-42; mean: 
35

– Median:3.17
Mean: 14.1

Range:  
<0.46-347

Median:1.44
Mean: 7.5

Range:  
<0.3-207

Median:1.73
Mean: 14.2

Range:  
<0.3-313

Median:3.90
Mean: 10.8

Range:  
<0.68-131

Schreder 
et al. 2023 

[35]

2019-2022 Zagreb, 
Croatia

Breast milk, 
30 

26-42 – Median: 
<LOQ

Max: 1.5

Median: 0.04
Max: 3.4

Median: 
<LOQ

Max: 0.98

Median: 0.23
Max: 0.83

Jagic et 
al., 2024 

[36]

2020-2021 Zunyi, 
southwest 

China

Placental 
tissue, 1,280 

27.3 ± 5.1 22.5±3.5 Median: 0.34
Min.: 0.02
Max: 67.5

Median: 0.53
Min.: 0.06
Max: 86.7

Median: 0.67
Min.: 0.06
Max: 57.6

Median: 1.00
Min.: 0.11
Max: 74.5

Liu et al., 
2024 [37]

2020-2022 Jiangsu 
province, 

China

Blood, 104 
control 

group of 
pregnant 
women

30.1±3.1 22.5±3.7 Median: 4.39
Range:  

0.45-153.99

Median: 0.10
Range:  

0.06-7.55

Median: 0.11
Range:  

0.06-4.27

Median: 0.17
Range:  

0.10-7.17

Ma et al., 
2023 [38]

2022 Thailand Blood, 26 
control 

group of 
adults (7 

men and 19 
women)

46-68 Median: 
<LOQ
Range: 

<LOQ-0.83

Median: 
<LOQ
Range: 

<LOQ-2.33

Median: 
<LOQ

Range: -

Median: 
<LOQ
Range: 

<LOQ-0.38

Walaska 
et al., 2024 

[40]

2023 Mongolia, 
China

Serum, 77 
agro-

pastoralists 
(37 females 

and  
40 males)  

>64
Median: 72

Median: 
26.6

Median: 0.38
Mean: 1.24

Range:  
ND-19.8

Median: 1.88
Mean: 3.44
Range: ND-

17.5

Median: 1.87
Mean: 3.04

Range:  
ND-23.0

Median: 0.66
Mean: 1.25

Range:  
ND-6.8

Dalutai et 
al., 2025 

[42]

PBDEs: polybrominated diphenyl ethers; BMI: body mass index; SD: standard deviation; LOD: limit of detection; LOQ: limit of quantification; GM: geometric mean; 
ND: non-detect.
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in breast milk, respectively. The selected studies report-
ed data collected from 2,736 biological samples (serum/
blood, breast milk, placental tissue, and adipose tissue) 
from the general population, aged 20 to 50, across vari-
ous countries. Only in [39] and [40] an older popula-
tion (46-80 years) was selected.

Figure 3 provides indication of relative differences 
between matrices and geographical regions: median 
blood/serum and breast milk PBDEs concentrations 
were reported in studies carried out in Asia, USA 
and Europe (Germany and Croatia). The four studies 
[33-36] analyzing breast milk showed PBDE-47 and 
-PBDE-153 to be the predominant PBDEs congeners. 
In milk samples PBDE-153 concentration was the high-
est value among all four congeners considered except 
for breast milk samples from Colombian women where 
PBDE-47 was the main congener [31].

A similar pattern was observed in two studies carried 
out in blood/serum samples: PBDE-153 was the major 
congener in early studies in China [16, 39]; subsequent-
ly, PBDE-47 was the major congener in other studies 
carried out in China by [38] and in USA by [32], re-
spectively. Results showed that human exposure in male 
population seems to be like that of women [16]. In Fig-
ure 3 we showed results in Mongolia [42] and Thailand 
[40] also. Patterns were different with a predominance of 
penta-PBDEs (PBDE-99 and -100). Despite the limited 
number of papers available, some considerations may be 
made: a decrease in PBDE-153 over time appears to be 
common to all matrices analyzed, except for adipose tis-
sue in Chinese women where hydrophobic environmen-
tal chemicals, as PBDEs, tend to accumulate [43-45].

PBDEs total concentrations and proportions varied 
between Asia, USA, and EU regions as might be ex-
pected based on varied national usage of PBDEs flame 
retardants. In USA penta-BDE technical mix was more 

heavily used, whereas in Europe penta- BDE use was 
lower than that in the USA and penta- and octa-BDE 
were banned in 2004. These findings indicate that 
many factors such as regional PBDEs regulations, time 
of phase out of PBDE use, previous quantity of PBDE 
used, and half-life of congeners can be key factors in 
distribution and levels of analytes in human matrices. 
China implemented some restrictions on penta-BDE 
and octa-BDE in 2014 (https://www.mee.gov.cn/gkml/
hbb/bgg/201404/t2014040 1_270007.htm), but deca-
BDE products are not subject to any regulations.

DISCUSSION
This review aimed to assess the current picture of hu-

man exposure to PBDEs by collecting and evaluating 
data available worldwide over the last 10 years. A total 
of 12 studies met all our criteria; one study published 
before 2020 [16] was also considered to have informa-
tion on male population. Despite the limited number of 
papers available, the number of samples analysed was 
substantial. Four congeners were selected because they 
are more frequently reported in the literature. China is 
the country with the highest number of studies: envi-
ronmental contamination is a particular concern due to 
the production and utilization of deca-BDE products 
and to the concentration of PBDEs in certain areas 
near electronic waste disposal sites.

Several studies suggest that PBDE-47 and -99 have 
a decreasing trend in Asia, Europe and Oceania since 
2004, except the North American region where a con-
tinuous increase was registered [46]. Although the 
three main commercial mixtures (penta-, octa-, and 
deca- PBDE) were included in the Stockholm Conven-
tion in 2004 [5], human exposure to PBDEs varied de-
pending on congener-specific differences in metabolism 
and persistence in the body: the half-lives of deca- to 
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Figure 3 
Median polybrominated diphenyl ethers (PBDEs) concentrations (ng/g lw) in blood/serum (BS), breast milk (BM), and adipose tis-
sue (AT) from China, USA, and Europe studies over the period 2015-2022. Values * are geometric means.
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hepta-BDEs in serum increased with decreasing num-
ber of bromine substituents [47]. In particular, PBDE-
47 and -99 have human elimination half-lives of approx-
imately 0.37-3 and 0.77-8 years, respectively [48-50], 
while the human elimination half-life of PBDE-153 is 
between 3.5 and 11.7 years [48-50]. The longer persis-
tence suggests why PBDE-153 usually has higher levels 
than other congeners, especially after 2015. One of the 
main metabolic pathways is  reductive debromination 
in which higher-brominated congeners are transformed 
into lower-brominated congeners. For the fully bromi-
nated BDE-209, the apparent half-life was as short as 
15 days [47]. PBDE-209 undergoes reductive debromi-
nation to form lower-brominated congeners, including 
nona- and octa-BDEs [47]. Mörck et al. [51] found that 
up to 90% of a single oral dose of PBDE-209 is excreted 
via feces, and a portion is metabolized resulting in hy-
droxylated metabolites that may be more toxic than the 
parent compound. It should also be noted that human 
exposure to PBDEs has continued over time, as many 
countries have only ratified the Stockholm Convention 
in recent years. Furthermore, PBDEs are still present in 
furniture, building materials, e-waste, and waste electri-
cal and electronic equipment. In some regions of the 
world, such as China and Nigeria, the disposal of elec-
trical waste containing PBDEs represent a major prob-
lem [8, 9, 52]: in some Chinese regions in the vicinity 
of the e-waste recycling area remains elevated [53]. Sev-
eral studies in China suggest an important human expo-
sure to PBDEs from house dust ingestion, especially in 
people residing in rural areas, southern regions, or near 
e-waste-contaminated areas [4, 8, 54, 55].

Although the industrialized nations had gradually im-
plemented restrictive measures, the temporal trend of 

PBDEs concentrations remained ambiguous. In human 
biomonitoring studies the rate of decline is often diver-
gent between congeners and age groups of population. 
In NHANES study [56] it was observed that PBDEs 
reported in serum samples from the years 2005-06 to 
2013-14 decreased in concentration, except PBDE-153, 
for which concentrations increased by 12.0% and 8.4% 
for the age groups 40-59 and ≥60 years, respectively

Analysis of selected studies for this paper shows an 
unclear trend in the last ten years for the four consid-
ered congeners of PBDEs. This tendency is also evident 
in Figure 4 where our results are shown with that ob-
tained in studies carried out in women sera in the previ-
ous decade [57]. The data indicates that it is difficult 
to accurately determine the trend in exposure. Indeed, 
due to the different patterns of use and periods of re-
striction, the available data cannot be considered as a 
whole, but they must be examined with specific geo-
graphical and policy area. In fact, except for European 
data, which shows a certain downward trend, others 
do not appear to follow a characteristic pattern. Of the 
four selected PBDEs, PBDE-47 and PBDE-153 appear 
to be the predominant congeners, alternating discon-
tinuously in time and space. This is particularly evident 
in the US and China. Further data are essential in order 
to accurately assess human exposure to PBDEs, par-
ticularly in regions such as the USA and China, where 
large-scale industrial production, the size and charac-
teristics of the territory and its contamination can sig-
nificantly influence the results. Conclusions on selected 
PBDEs are limited because of the lack of papers. This is 
the main limitation of our review: the lack of recent hu-
man biomonitoring studies on PBDEs limits the evalu-
ation of current population exposures. Due to global 
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restrictions on the production and use of PBDEs, re-
search has shifted to newer or emerging substances. In 
our opinion, due to the chemical and physical proper-
ties of persistence, bioaccumulation, and toxicity of PB-
DEs, continuous studies are necessary to monitor these 
substances both in the environment and in humans. It 
is essential to understand trends in human exposure to 
PBDEs, especially in regions where the production or 
improper disposal of products containing these sub-
stances is significant in order to understand the mobil-
ity, transformation, and impact of PBDEs-containing 
products still in use (e.g., in old furniture, electronics).

Despite the above commented limitations, the cur-
rent review represents a comprehensive effort to syn-
thesize the knowledge on human exposure to PBDEs 
in the last decade.

CONCLUSION
This review aims to assess the current exposure to 

PBDEs of the general population worldwide. Because 
of the lack of recent studies, the analysis of chosen pa-
pers suggests that levels of PBDE-47, -99, -100 and 
-153 have a global unclear trend in the last ten years. 
Due to different patterns of use and banning period, 
the available data cannot be considered as a whole, but 
they must be examined with specific geographical and 
policy area. As PBDEs are still present in furniture, 
building materials, electronic equipment and e-waste 
despite recent restrictions, it is essential to continue as-
sessing human exposure to these contaminants through 
biomonitoring studies.
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Abstract
Background. Animal-assisted interventions (AAI) represent complementary rehabilita-
tive approaches designed to address a range of physical and mental health conditions. 
Among these, Equine-assisted interventions (EAI) offer structured opportunities for 
engagement through diverse activities conducted within naturalistic settings, thereby 
integrating therapeutic processes with ecological contexts. 
Methods. Over the past years, our group has developed and implemented standard-
ized AAI methodologies that are now embedded within comprehensive intervention 
planning. This overview summarizes the application of different rehabilitative programs 
based on EAI. 
Results. Our findings suggest that EAI can be effectively implemented across a hetero-
geneous spectrum of psychiatric disorders, contributing to recovery processes and social 
integration across the lifespan, from childhood to old age.
Conclusions. EAI represent innovative, ecologically grounded interventions with prom-
ising clinical potential. Further research involving larger, well-characterized samples is 
warranted to strengthen the evidence base and to expand the applicability of these prom-
ising complementary interventions.

INTRODUCTION
During the past 20 years, growing attention has been 

directed toward the contribution of companion animals 
to individual well-being and mental health [1-3], pro-
moting their introduction into a variety of social, educa-
tional, and, in some cases, therapeutic contexts [4]. In-
deed, pets can be a source of emotional stimuli, offering 
opportunities for social engagement and physical activ-
ity relevant both in daily life and in institutionalized set-
tings [4-9]. Interaction with animals can promote af-
filiative behaviors and reduce arousal, as documented 
in clinical and non-clinical populations (e.g., patients 
with mental disorders, animal owners, and non-owners) 
[10-12]. As for the underlying mechanisms, physical 
contact with a companion animal activates physiologi-
cal systems specifically involved in emotional/affiliative 
behaviors, and arousal (e.g., beta-endorphin, cortisol, 
oxytocin, dopamine) [8, 11].

Collectively, this scientific evidence has been used 
as the basis to develop Animal-assisted interventions 
(AAI), which represent recreational, educational, or 
therapeutic activities in which companion animals are 
intentionally engaged to promote the physical and 
mental health of individuals [4-7, 13-18]. Structured 
and goal-oriented AAI have proven to be an effective 
integrative approach that can complement traditional 
pharmacological and non-pharmacological treatments 
[4, 6, 14, 18].  Grounded in the biopsychosocial model, 
AAI exert their effects through integrated biological, 
psychological, and social pathways [3, 8]. This multi-
dimensional approach is also reflected in the distinc-
tion of AAI into three areas: Animal-assisted activities 
(AAA), Animal-assisted education (AAE), and Animal-
assisted therapies (AAT) [19-21]. 

In Italy, the Ministry of Health’s National Guidelines 
define the planning and monitoring of AAI, as well as 
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the role and specific training of clinical professionals, 
and of the veterinarians and the experts in animal man-
agement and behavior, which are part of the multidisci-
plinary team managing these interventions [4, 20, 21]. 
The multi-professional background of the team is es-
sential to managing the complexity of the AAI and en-
suring the well-being of the participants involved, both 
humans and animals [21, 22]. The choice of the clinical 
professionals involved depends upon the objectives to 
be achieved, which may be recreational (AAA), edu-
cational (AAE), or therapeutic (AAT) [4, 20, 21]. Ac-
cording to the Italian National Guidelines on AAI, the 
intervention team must also include animal experts (vet-
erinarians and handlers). In every AAI program, veteri-
narians assess the animal’s suitability for participation 
through a multimethod evaluation of health status, liv-
ing conditions, workload, and equipment requirements 
[22]. Moreover, the handler is responsible for regularly 
monitoring the animal’s well-being during intervention 
sessions through direct observation of its behaviors. 
The animal’s characteristics should always be matched 
to the rehabilitation goals [21, 23-26]. The animal spe-
cies primarily involved in AAI are those that have un-
dergone a long process of domestication by humans 
(e.g., dogs, horses, donkeys, cats, and rabbits), which 
has led to the selection of physical and behavioral char-
acteristics that are best suited to human needs, such as 
temperament traits, communicative and cognitive skills 
[4, 21]. Dogs share a long history of co‑evolution with 
humans and have developed a highly complex system of 
nonverbal communication with our species. As a result, 
they are currently recognized as one of the most versa-
tile species for AAI across a wide range of mental health 
conditions and settings [4, 6, 7, 22]. Regular interac-
tions with dogs can provide significant benefits in both 
clinical and educational contexts, contributing to the 
reduction of symptoms such as anxiety, depression, and 
loneliness at both young and older ages. Small compan-
ion animals, like cats and rabbits, are becoming popular 
in AAI targeting institutionalized older adults, such as 
individuals diagnosed with dementia living in nursing 
homes. Although the evidence is still limited, interact-
ing with cats appears to improve mobility, interpersonal 
relationships, and daily activities such as personal hy-
giene and self-care [22]. In addition, AAI implemented 
in natural and de-medicalized environments, primarily 
involving horses and donkeys, might be a good addi-
tion to conventional therapies. In this regard, horses 
are particularly well-suited as they demonstrate sig-
nificant cognitive and interspecific abilities that allow 
them to discriminate human communicative behaviors 
and emotional states [27]. For instance, horses respond 
to humans pointing at food, indicating that they can 
associate gestures with relevant situations and develop 
encoding and interpretation strategies based on human 
cues [28]. Horses are likewise capable of distinguish-
ing human emotional cues – such as vocal tones, pos-
ture, and, more generally, nonverbal communication 
– and modulating their behavior through mechanisms 
of emotional transfer [23, 24, 26, 29-33]. Additionally, 
horses form long-term memories about humans based 
on previous experiences and the quality of interactions, 

extending those memories to new contexts or unfamil-
iar subjects [27]. In educational and therapeutic con-
texts, donkeys represent a valuable resource: their calm 
temperament and reduced size help mitigate the fear 
commonly elicited by horses, supporting their employ-
ment in AAI targeting individuals with cognitive and 
psychiatric disorders [22].

From a clinical/rehabilitative perspective, Equine-
assisted interventions (EAI) integrate the beneficial ef-
fects of the emotional relationship with an animal with 
the opportunity to engage in physical activity, ultimate-
ly activating multiple functional domains. Participation 
in equestrian activities, in fact, provides a significant 
degree of motor stimulation, which improves coordina-
tion, balance, agility, and flexibility, at the same time 
providing cognitive enrichment and opportunities for 
the development of social skills [34-40]. This approach 
is in line with a large body of scientific evidence high-
lighting the benefits of prescribing sports and physical 
activities to promote mental health [1, 41-43]. Such 
benefits are further enhanced by the recreational and 
natural environment in which EAI are provided, which 
places the individual away from standard medicalized 
settings, increasing motivation for intervention adher-
ence [39]. 

EAI IN DIFFERENT REHABILITATIVE 
SETTINGS

EAI are an extremely versatile approach that can be 
tailored to specific individual needs [5, 39, 44-48]. A 
recent scoping review has distinguished EAI programs 
into two major categories: unmounted EAI, which in-
cludes exclusively ground-based activities (grooming, 
stable work, and horse-handling exercise), and mount-
ed EAI (riding, driving, or vaulting), which borrows 
technical elements of equestrian sports, adapting them 
to the rehabilitative goal [39]. Ground-based activities 
involve a predefined sequence of actions affecting neu-
robehavioral components. These are aimed at caring for 
the horse, facilitating skill development, cooperation, 
and teamwork. In addition, grooming activities can 
help to build trust and confidence between the horse 
and the rider, and to strengthen their mutual relation-
ship over time. Horse handling and stable management 
activities further enhance confidence in interacting 
with the animal while supporting the development of 
self-esteem, autonomy, and self-efficacy. Neuromo-
tor components are mostly engaged during horseback 
riding, the rhythmic movement of the horse inducing 
pelvic motions in the rider that closely resemble those 
of human gait. This neuromotor input contributes to 
the normalization of muscle tone, including reductions 
in spasticity, and supports overall improvements in mo-
tor function. Concurrently, mounted activities engage 
key cognitive neurobehavioral processes, such as atten-
tion, memory, executive functions, and spatial-temporal 
perception, while fostering self-regulation and effective 
coping strategies.

A correct balance between ground-based and 
mounted activities should be an integral part of the in-
tervention methodology and should be matched with 
the behavioral characteristics of the rider-horse dyad 
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to ensure well-being and the achievement of tailored 
rehabilitation goals [49]. Equestrian activities offer a 
wide range of tools that can bring broad multifunction-
ality to the intervention methodology and influence the 
outcome of the rehabilitative process (Table 1). Over 
the years, our group has developed standardized proto-
cols and methodologies that have become an integral 
part of the rehabilitation of children, adolescents, and 
adults with mental and/or neurodegenerative disorders 
(Table 2).

Applying EAI in children and adolescents
A substantial number of mental disorders have their 

onset in childhood or adolescence and can influence 
growth trajectories and social functioning [50]. Several 
studies have demonstrated that EAI can be effective 
in supporting young people facing mental health chal-
lenges [39, 44, 47]. Particularly with children and ado-
lescents, the non-judgmental and calming presence of 
the horse within the setting is an important support for 
health professionals seeking to improve social behavior 
and address emotional problems [47, 51]. During EAI, 

young people are facilitated in taking an active role in 
the healing process, with an improvement in their com-
munication, cognitive, and social skills, also reducing 
the stigma associated with mental health conditions 
[44, 52]. Regular interactions with the horse promote 
positive attitudes towards another living being, fostering 
a sense of care and attention and providing a valuable 
opportunity to nurture self-esteem and enhance one’s 
sense of responsibility [47]. Lastly, the recreational ap-
proach and the nature-based environment of EAI can 
elicit positive emotions and interest, thereby promoting 
adherence to the intervention plan [39, 51].

Children with autism spectrum disorder 
Autism spectrum disorder (ASD) constitutes a het-

erogeneous diagnostic category of neurodevelopmental 
disorders [53]. Characteristic features include persis-
tent difficulties in the social use of verbal and non-ver-
bal communication, impairment in social interactions 
(social-emotional reciprocity; development, mainte-
nance, and understanding of relationships), as well 
as restricted and repetitive patterns of behavior [53].  

Table 1
Description of ground and mounted activities in Equine-assisted intervention sessions

ACTIVITY DESCRIPTION OBJECTIVE AND CLINICAL IMPLICATION

G
R
O
U
N
D

Grooming and 
rewarding

It involves a predefined sequence of actions aimed at caring 
for the horse and requires the use of specific tools (e.g., curry 
comb, soft brush, mane and tail brush, hoof pick). 
Observation of the horse’s behaviour and reactions.
When mounted activities are scheduled, the horse is also 
harnessed according to the type of activity (riding, vaulting, 
driving).
Reward the horse with snacks at the end of the session (e.g., 
carrots, sugar, hay)

Facilitate non-verbal (tactile, visual, olfactory) 
contact and communication with the horse.
Facilitate metacognitive understanding of the 
horse.
Promote affiliative behaviours and the opportunity 
to exhibit prosocial behaviour.
Promote emotional connection and trust.
Learn the importance of being grateful

Horse 
handling

Use a rope attached to the horse’s halter to get the horse to 
move with clients. Learn the basic elements of leading a horse, 
such as stopping, turning, walking, tension and the proper 
way to hold the rope. More complex activities consist of hand 
leading the horse inside an arena following a maze with pre-
determined elements (e.g., leading the horse over barriers, 
around poles and cones) and longing the horse in a circle

Experience the horse’s responsiveness and make 
requests properly.
Increase the comfort level with the horse.
Gain confidence, self-esteem, self-efficacy and 
mastery

Stable work It includes stable management activities such as box and 
paddock cleaning, feeding and minor facility maintenance 
activities

Strength autonomy and self-efficacy.
Promote responsibility, routine and reliability.
Facilitate skill development, cooperation, 
teamwork and social growth

M
O
U
N
T
E
D

Horse riding More sophisticated communication with the horse based on 
physical contact that involves riding the horse, independently 
or assisted by a handler, inside and/or outside an arena. Learn 
and perform basic riding figures (e.g., circles, vaults, half 
vaults, serpentines). More complex activities include riding 
independently in an outdoor arena or completing gymkhana 
and dressage exercises

Improve motor skills (muscle strength, balance 
and coordination), cognitive skills (memory, 
attention, problem-solving executive functions 
and spatial-temporal perception), behavioural 
and emotional skills (modulate physiologic 
arousal levels, self-regulation behaviours, coping 
strategies).
Enhance self-esteem, independence and self-
efficacy

Carriage 
driving

This modality facilitates access for people unable to ride due 
to weight, balance and physical limitations (e.g., severe obesity, 
lower limb disabilities, spinal cord injuries, back injuries, spina 
bifida) and consists of driving a carriage

Equestrian 
vaulting

More sophisticated communication with the horse is based on 
physical contact and involves performing gymnastic exercises 
to the rhythm of music and coordinating body movements 
with the horse, which is led in a circle by an experienced 
equestrian trainer. It also includes warm-up exercises and 
body-awareness exercises. Vaulting sessions are usually group-
based

Improve motor skills (muscle strength, 
coordination, balance, agility and rhythm), 
cognitive skills (memory, attention and executive 
functions) and interpersonal skills through group-
based activities.
Promote creativity, body awareness and 
expressiveness
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ASD affects more than 78 million people in the world, 
and approximately 1 out of 100 children receives a di-
agnosis [54, 55]. The complex nature of ASD calls for 
a multidimensional treatment approach, and EAI can 
complement traditional treatments, including educa-
tional/behavioral interventions and pharmacotherapy 
[51, 56, 57]. It has been shown that EAI can have a 
positive effect on the social and behavioral skills of chil-
dren with ASD, as well as on the well-being of their 
caregivers, reducing parental stress and improving fam-
ily functioning [51, 52, 58, 59]. 

The distinctive characteristics of ASD highlight the 
importance of tuning the intervention protocol to pro-
mote the child’s optimal adaptation and involvement 
during the sessions. Individuals with ASD do not cope 

well with abrupt changes and intense multisensory stim-
ulation. Indeed, in the initial stages of EAI, it may be 
appropriate to plan short sessions with a maximal dura-
tion of 30 minutes, and then gradually lengthen the ac-
tivities to around 60 minutes. This approach promotes 
a gradual adaptation to non-familiar situations, remov-
ing an excessive burden coming from multiple novel 
sensory and emotional inputs. According to the evi-
dence gathered from our projects, each session should 
incorporate an initial ground-based activity, including 
horse grooming (i.e., brushing the horse’s coat, mane, 
and tail with a comb or brush), during which children 
are educated on basic safety rules and learn the practi-
cal aspects necessary for a positive interaction with the 
animal [58, 60, 61]. Images and drawings depicting 

Table 2
Examples of standardised Equine-assisted intervention (EAI) methodologies and monitoring applied to populations with different 
clinical conditions

INTERVENTION METHODOLOGY MONITORING

Population and 
clinical condition

Grooming 
and 

rewarding

Horse 
handling

Horse 
riding

Equestrian 
vaulting

Quantitative evaluation 
(outcome)

Qualitative evaluation 
(outcome)

Children with 
autism spectrum 
disorder

X X X TOL (executive functioning and 
problem-solving)
VABS (adaptive functioning)
Video recording (problem 
behaviours, spatial relationships, 
social interactions, and 
communication displayed by the 
child toward the horse)

Adolescents with 
eating disorders

X X BMI and BIA (body weight and 
composition)
EDI-3 (eating disorder symptoms)
SCL-90-R (psychopathological 
dimensions)
STAI (anxiety)

Observation (participants’ 
attitudes, emotionality, 
behaviour during the EAI 
sessions, and relationship 
with horse and team 
members)

Adolescents 
at risk for 
psychopathologies

X X X X Observational schedules 
(participants’ socialisations, 
attitudes, emotionality, 
behaviour, and motor 
performance during the 
EAI sessions)

Adults with stress-
related disorders

X X X HAM-D (depression) 
SCL-90-R (psychopathological 
dimensions)
STAI form Y (anxiety)
WEMWBS (psychophysical well-
being)

Observation (participants’ 
attitudes, emotionality, 
behaviour during the EAI 
sessions, and relationship 
with horse and team 
members)
Group discussions 
guided by a psychiatrist 
(psychological themes 
elicited by the EAI)

Adults with 
schizophrenia

X X X BPRS (negative symptoms)
PANSS (positive symptoms)

Adults with 
Parkinson’s disease

X X AES (apathy)
Gait analysis and UPDRS (motor 
assessment)
GDS (depression)
PD-39 (quality of life)
STAI form Y
Stroop test (cognitive 
performance)

TOL: Tower of London test; VABS: Vineland Adaptive Behavior Scale (VABS); BMI: Body Mass Index; BIA: Bioimpedance Analysis; EDI-3: Eating Disorder Inventory-3; 
SCL-90-R: Symptom Checklist-90-Revised Scale; STAI: State-Trait Anxiety Inventory; HAM-D: Hamilton Depression Rating Scale; WEMWBS: Warwick Edinburgh 
Mental Well-Being Scale; BPRS: Brief Psychiatric Rating Scale; PANSS: Positive and Negative Syndrome Scale; AES: Apathy Evaluation Scale; UPDRS: Unified 
Parkinson’s disease Rating Scale; GDS: Geriatric Depression Scale; PD-39: Parkinson’s Disease Questionnaire-39.
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grooming tools (comb, brush, and hoof pick) and horse 
facial expressions are commonly used as visual aids to 
further facilitate the child during this phase [58]. 

Subsequently, sessions can include mounted activi-
ties, such as equestrian vaulting (EV) or riding. EV is 
a valuable initial approach, which is particularly well-
suited to younger children and those with difficulties 
with impulse control. Indeed, during vaulting activities, 
the child does not have to deal with the responsibility 
of leading the horse and is therefore able to focus more 
on the tasks proposed by the therapist. Furthermore, 
vaulting activities facilitate collaborative learning in 
small groups, allowing therapists to integrate children 
with ASD into peer-based activities. This approach has 
the additional benefit of creating a supportive relational 
network and improving opportunities for social interac-
tions. By contrast, riding activities are designed to fa-
cilitate cognitive rehabilitation through the acquisition 
of essential skills for independently managing a horse 
within an arena. The setting can be further enriched 
with appropriate stimuli (music in the case of EV; let-
ters, cones, barriers, cup games in the case of horseback 
riding), increasing involvement and promoting treat-
ment adherence. At the end of each session, the inter-
vention typically entails a further ground-based phase, 
which represents an opportunity for children to engage 
in prosocial and affiliative behaviors by providing the 
horse with rewards (e.g., carrots, sugar, hay), as well 
as verbal and non-verbal expressions of gratitude and 
farewell [58, 62]. When developing an intervention pro-
gram for children with ASD, it is important to adapt the 
activity to their individual functional levels. As mounted 
activities require concentration and compliance with 
professional instructions to ensure safety, they may be 
less suitable for individuals with low‑functioning ASD. 
In these cases, grooming, horse handling exercises, and 
stable work are generally preferred, as they offer greater 
adaptability and fewer safety constraints.

To reliably assess the efficacy of the EAI, a multi-
method approach is suggested, which incorporates dif-
ferent tools, such as caregiver questionnaires, standard-
ized tests, and video recording and coding (see Table 2) 
[63, 64]. Quantitative tools can be used to evaluate the 
effects of EAI, monitoring improvements in adaptive 
and executive functioning and problem-solving skills. 
Additionally, quantitative evaluation can be comple-
mented with direct observation and analysis of child 
behavior through video recordings [61]. This method, 
which relies on an ethological approach, is considered 
the best way to assess the quality of human-horse inter-
action in children with ASD. 

Results from multiple projects show that, starting 
from the grooming phase, the presence of the horse 
contributes to creating a rehabilitative space in which 
the child learns to relate with adults and peers and 
performs specific tasks that stimulate cooperation, at-
tention, and memory skills [58, 60, 61]. Additionally, 
the soothing influence of equine interaction and the 
proprioceptive input elicited during mounted activi-
ties – both equestrian vaulting (EV) and riding – al-
lows modulation of the levels of sensory and affective 
arousal [62], as well as positively influencing problem-

solving abilities and executive functions [52, 58, 65]. 
Horse stimulation can also improve gross motor skills 
such as balance, coordination, and posture [66]. Lastly, 
the unspoken communication with the horse enables 
children with ASD to establish and gradually reinforce 
an emotional connection with the animal, overcoming 
the communication and social skills difficulties [52, 61]. 
From a psychotherapeutic perspective, the child’s rela-
tionship with the animal can catalyze the expression of 
internal states and experiences, thereby creating a foun-
dation for therapeutic work [60].

Adolescents with eating disorders
Eating disorders (ED) are mental health disorders 

characterized by persistent disturbances in eating or 
feeding behaviors that significantly impair physical 
health or psychosocial functioning [53]. ED typically 
have a chronic course with long-term remission rates 
and an increased risk of suicide; among these, anorexia 
nervosa (AN) has limited recovery and the highest mor-
tality [67, 68]. Individuals with AN exhibit an intense 
fear of gaining weight or a persistent pattern of behav-
ior that interferes with it, as well as disturbances in body 
weight or shape perception [53]. Treatment plans re-
quire the intervention of a multidisciplinary team, and 
they may include individual, group, or family psycho-
therapy, nutritional counselling, and medical care [69]. 
As treatment failure and relapses are common after 
completion of therapy [70], developing supplementary 
rehabilitative interventions to enhance the efficacy of 
established treatments is a specific unmet need [71]. 

Our group has recently developed a pilot project 
named “Horses and Butterflies”, to test the feasibility 
and effectiveness of an EAI based on EV that exploited 
the physical and emotional synergy between horse and 
participant for the psychosocial rehabilitation of young 
patients with AN [72, 73]. The intervention included 
a grooming phase designed to shift participants’ atten-
tion from obsessive thoughts about their own bodies 
toward the care of another living being, thereby foster-
ing the development of a positive relationship with the 
horse [73]. This was followed by warm-up and vault-
ing exercises aimed at restoring bodily awareness. The 
movement is no longer used to sustain anorexic symp-
toms related to weight reduction but instead becomes 
a means of expression and interaction, initially with the 
horse and subsequently with other participants, pro-
moting social engagement. EV involves a substantial 
physical effort, encompassing muscular strength, pos-
tural control, and coordination.  Access to EV‑based 
programs for individuals with AN should therefore be 
conditional upon a multidisciplinary clinical evaluation, 
aimed at ensuring participant safety and an appropri-
ate risk–benefit balance. In particular, it is essential to 
confirm that body mass index (BMI) is not critically low 
(e.g., BMI<16) and that sufficient skeletal and muscu-
lar integrity is present, considering the increased risk of 
osteoporosis and reduced muscle mass commonly as-
sociated with the disorder.

Seven girls (aged between 13 and 20 years old), in 
outpatient treatment for anorexia, were enrolled in the 
project and randomly assigned to two groups: 3 to the 
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EV group and 4 to the control group. The interven-
tion lasted 3 months and comprised 10 weekly sessions 
(each 60-90 minutes long) carried out in small groups 
[72]. 

Longitudinal evaluations of anthropometric indices 
and body composition were complemented by psycho-
logical tests (Table 2) [74-78]. Participants’ attitudes, 
emotions, and general behaviors were observed by a 
psychologist during the session, as well as their relation-
ship with the horses and the other team members. This 
intervention has shown good feasibility and a high level 
of acceptability by the participants and their families 
[72]. Preliminary results indicate a promising improve-
ment in some of the core psychological symptoms asso-
ciated with anorexia (e.g., perfectionism, interoceptive 
deficits, overcontrol, and affective problems), anxiety 
management, and physical condition (an increase in fat 
mass and a reduction in lean mass weight) [72, 73] sug-
gesting that it can be employed effectively as an integra-
tive approach to promote recovery of body awareness 
and social reintegration in AN.

Vulnerable adolescents 
As many mental disorders have their onset during 

adolescence, a proactive approach is needed to prevent 
mental illness and to promote the well-being of individ-
uals in this vulnerable age group [79-81]. Adolescents 
in residential treatment facilities often fail to adapt and 
exhibit strong opposition to social norms, showing dif-
ficulties in social relationships, reduced school atten-
dance, a propensity towards self-harm, and an inability 
to regulate their emotions and behavior effectively in 
the face of frustration or competition [82]. 

Previous studies have shown the potential for EAI on 
the socio-emotional functioning of at-risk adolescents 
in residential care [82, 83]. We have set up the pilot 
project Horses & Friends to evaluate the suitability and 
potential benefits of an EAI program as a complemen-
tary tool to promote the psycho-physical well-being and 
socio-emotional functioning of adolescents undergoing 
psychiatric treatment in a therapeutic residential setting 
[84]. The project was conducted over five months, with 
weekly sessions lasting 70 minutes. The intervention 
was led by a multidisciplinary team of qualified profes-
sionals in mental health and EAI. Each session included 
a 1st ground activity phase (grooming and horse han-
dling), a 2nd mounted activity phase (both riding and 
vaulting activities), and a 3rd ground activity phase (final 
grooming and rewarding of the horse). The psycholo-
gists involved in the project employed qualitative evalu-
ations through observational schedules to monitor par-
ticipants’ socializations (interactions with horses, peers, 
and team members) and progress in terms of attitudes, 
emotionality, behavior, and motor performance during 
the activities.

During the sessions, the participants established a 
strong emotional connection with the horses, which 
was a motivating factor and a catalyst for interpersonal 
relationships. This is relevant as rehabilitation work 
with adolescents living in a residential facility is largely 
focused on positively redirecting aggressive behavior, 
replacing alienation and hostility with feelings of trust, 

safety, and acceptance [82]. When implementing EAI 
for vulnerable adolescents, it is crucial to address mo-
tivation from the outset to foster active engagement 
and reduce the risk of dropout. The interaction with 
the horse was perceived as fun, stimulating, and en-
gaging, promoting good adherence to the intervention 
and improvements in the adolescents’ attitudes and be-
havior during the session. Moreover, a social gathering 
was organized after each session, which proved to be 
a valuable experience, facilitating deeper connections 
between participants and reinforcing the interpersonal 
relationships established during the project.

The integration of two distinct sporting activities, 
such as horse riding and vaulting, has been particularly 
beneficial for adolescents, enabling them to simultane-
ously develop a range of functional competencies. Au-
tonomous horse riding fostered an empowering process, 
strengthening self-esteem and anxiety management. 
Additionally, vaulting exercise improved physical skills, 
including coordination, balance, and agility, as well as 
concentration, attention, and courage. These qualita-
tive findings are in line with recent evidence about the 
positive effects of physical activity as a rehabilitative 
tool for young people with mental disorders [85]. 

Applying EAI in adults with mental  
and neurodegenerative disorders

Mental health disorders in adulthood have been as-
sociated with an increased prevalence of unhealthy 
lifestyles, including smoking, weight gain, sedentary 
behaviors, and decreased physical activity. Additionally, 
social withdrawal and the impoverishment of emotional 
relationships can contribute negatively to mental health 
and quality of life in at-risk individuals [86, 87]. In this 
overview, we report some examples of EAI applied to 
adults with stress-related (e.g., military veterans), psy-
chotic (e.g., schizophrenia), and neurodegenerative 
(e.g., Parkinson’s disease) disorders. 

EAI in adults with stress-related disorders
In the last decade, EAI has emerged as a promising 

treatment opportunity for trauma and stressor-related 
disorders [88, 89]. Most studies on the topic focus on 
the population of military veterans who, compared with 
the general population, have a higher risk of being chal-
lenged with acute or chronic stressors [90-92]. A recent 
systematic review and meta-analysis on EAI for military 
veterans underlines the great heterogeneity of the inter-
vention protocols, emphasizing the need for standard-
ized procedures and tools that may allow evaluation of 
the effectiveness of this type of intervention [88]. In a 
preliminary study, Arnon et al. [91] developed a stan-
dardized EAI protocol for a sample of US military vet-
erans, which appears promising, particularly in terms of 
short-term symptomatic benefits, improved quality of 
life, acceptance, and satisfaction with the type of inter-
vention. 

Over the past two years, our group has developed an 
evidence-based, standardized EAI program to support 
the mental health of military veterans. The interven-
tion’s primary focus was on the promotion of effec-
tive coping strategies, the alleviation of psychological 



Human-horse interactions for health

O
r

ig
in

a
l
 a

r
t

ic
l

e
s
 a

n
d

 r
e

v
ie

w
s

247

symptoms associated with adjustment difficulties, and 
the enhancement of socio-emotional skills. Addition-
ally, the intervention sought to facilitate a re-evaluation 
of one’s military identity [93]. Longitudinal evalua-
tions were carried out using standardized psychologi-
cal scales to measure anxiety and depressive symptoms, 
psychopathological dimensions, and psychophysical 
well-being (Table 2) [74, 77, 94-96]. The progress of the 
participants was also assessed through qualitative ob-
servations of their attitudes, behaviors, and emotional 
responses during the EAI sessions.

The project revealed a high degree of adherence by 
veterans who enjoyed the activities proposed, a relevant 
result considering the resistance toward traditional 
therapies and the high dropout rate among this popula-
tion [91, 97]. During the project, participants had the 
opportunity to enjoy contact with the natural environ-
ment and to challenge themselves with activities they 
had never tackled before, such as horse handling and 
riding, which require leadership, benefiting veterans by 
allowing them to regain their autonomy and sense of 
agency in a safe and less stressful natural environment 
[93]. In addition, the activity with the horse brought 
out relevant identity issues that were shared by the 
entire group of participants during discussions guided 
by a psychiatrist. Given the considerable heterogene-
ity of stress-related and physical conditions observed 
among military veterans, it is essential to adapt both 
the intervention and the associated assessment meth-
ods through personalized treatment plans. In our expe-
rience, the overall intervention included the successful 
adaptation of the rehabilitation protocol to integrate 
two participants with physical disabilities, one veteran 
in a wheelchair and another with blindness, into the 
EAI sessions, modulating the activities to their specific 
needs [93].

EAI in adults with schizophrenia
Schizophrenia is a complex psychopathological con-

dition, and the combination of positive (e.g., delusions 
and hallucinations) and negative (e.g., blunted affect, 
alogia, social withdrawal, anhedonia, and avolition) 
symptoms contributes to significant alterations in in-
dividual’s functioning [98, 99]. In addition, cognitive 
deficits lead to difficulties in understanding the men-
tal states of others (e.g., beliefs, intentions) and using 
this information to interpret and predict their behavior 
[100]. Therefore, the intervention should focus not only 
on reducing psychotic symptoms but also on promoting 
social functioning. 

Over the past 20 years, many studies have support-
ed the benefits of EAI as an integrative rehabilitative 
approach for the mental and physical health of pa-
tients with psychotic disorders [5, 35, 46, 101, 102]. 
The multicenter Pindar project is an example of good 
practice demonstrating the effectiveness of a year-long 
EAI that followed a structured methodology designed 
for 24 patients diagnosed with schizophrenia [5]. In-
volving individuals with psychotic disorders in EAI can 
present significant challenges: acute positive symptoms 
can interfere with safe interaction with the horse and 
the therapeutic environment.  For this reason, the EAI 

should be implemented when positive symptoms are in 
remission or adequately stabilized through pharmaco-
logical treatment. Under these conditions, EAI can be 
effectively oriented toward relapse prevention, func-
tional recovery, and the targeted improvement of nega-
tive symptoms.

In the Pindar project, a total of 40 EAI weakly ses-
sions were held for 24 months, after a few introductory 
meetings planned to help the participants gradually fa-
miliarize themselves with horses. Each session includ-
ed a ground phase, during which participants learned 
about horses (behavior and body parts) and equipment 
(saddle and bridle), as well as horseback riding activities 
aimed at developing nonverbal communication strate-
gies for interacting with the animal [5]. 

To evaluate the improvements in positive and nega-
tive psychiatric symptoms, psychological scales were 
administered at the beginning and the end of the proj-
ect (Table 2) [103, 104]. 

Overall results indicate that EAI allowed patients to 
take an active role in their rehabilitation process, with 
significant improvements in negative symptomatology 
(social isolation and apathy), pharmacological compli-
ance, and hospitalization rates [5]. In particular, the 
grooming and horse handling activities have allowed 
participants to experience the animal’s calming pres-
ence, which became a starting point for simplified in-
teraction and to regain contact with the external world 
[5]. In this regard, the horse acted as a facilitator by 
fostering communication: horse-related activities help 
divert attention away from the disease and provide a 
topic of conversation within and outside the interven-
tion setting, helping participants in social integration 
and overcoming self-stigmatization [35, 101]. In addi-
tion, observing horses’ behavior and reactions during 
ground activities favored the rehabilitation of cognitive 
abilities [105]. 

The rehabilitative work set up during ground activi-
ties can be strengthened by horse riding [105]. During 
riding activities, the communication process is medi-
ated by bodily contact, which allows concretely tackling 
the difficulties of perception and management of real-
ity; the correct use of reins and legs allows the patients 
to interact directly with the animal, and body balance 
adjustments allow the exchange of information between 
horse and rider. Moreover, horse riding contributes to 
increasing interest in physical activity, leading to im-
provements in motor skills and counteracting obesity, a 
highly common condition in these patients, mainly due 
to side effects of pharmacological therapies [105]. 

In conclusion, the integration of EAI into usual care 
is particularly suited for patients with schizophrenia, 
showing the potential to foster disease remission, so-
cial contact, and the acquisition of skills transferable to 
other areas of the participant’s life [5].

EAI in adults with Parkinson’s disease
Parkinson’s disease (PD) is a progressive and neu-

rodegenerative disease affecting motor function. This 
condition is also accompanied by a range of non-motor 
symptoms, including mood and cognitive disorders 
[106], impacting patients’ quality of life. Current treat-
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ment involves a combination of pharmacological and 
rehabilitative therapies. Patients with PD usually attend 
highly medicalized treatment programs, whereas the 
natural context that characterizes EAI may favor higher 
compliance with the intervention [107, 108]. Indeed, 
EAI is a suitable approach to tackle PD as it allows syn-
ergistic intervention on motor (e.g., balance, posture, 
gait, rigidity, and involuntary movements), cognitive, 
and socio-emotional functioning [107, 108]. 

We report an example of EAI that has followed a stan-
dardized 5-week protocol, including weekly sessions of 
60 minutes [108]. Several challenges may occur when 
including individuals with PD in EAI. Motor symptoms 
raise safety concerns and may increase the fear of fall-
ing, negatively affecting confidence and participation. 
Grooming was planned at the beginning and the end 
of each session to progressively help patients with PD 
work on gross-motor and coordination skills. Riding ac-
tivities constituted the core component of the interven-
tion methodology, given the strong stimulation of the 
patient’s proprioception skills by the horse’s gait, which 
closely resembles that of human walking. This is of par-
ticular benefit to patients with difficulties in ambulation 
[108]. The execution of exercises on the horse (rota-
tion, flexion, extension of the upper arms, and bend-
ing/torsion of the trunk) facilitated the stimulation of 
the vestibular system, thereby assisting in the enhance-
ment of balance maintenance, both in the saddle and 
following dismount [108]. During mounted activities, 
reduced tolerance to fatigue should be carefully con-
sidered, modulating the intensity of exercises to main-
tain physical exertion throughout the session. These 
difficulties are often compounded by depressive states 
and anhedonia, which are common in this population 
and can further reduce motivation. However, the inter-
action between humans and horses has been observed 
to elicit positive emotional responses that may have a 
beneficial impact on mood disturbances and quality of 
life [108]. Gait analysis, motor assessment, and psycho-
logical evaluations of cognitive performance, depressive 
symptoms, apathy, and quality of life were conducted 
before and after the EAI (Table 2) [95, 109-115]. A 
comparison of the pre-and post-intervention scores re-
vealed a general improvement in motor skills, as well as 
a positive change in gait, including an increase in stride 
length and a decrease in stance and double stance rates 
[108]. Cognitive and psychological assessments indi-
cated improvements in attention, quality of life, and 
a reduction in anxiety and apathy levels [108]. These 
results have been further confirmed by a more recent 
study [107], indicating that a structured EAI methodol-
ogy can be integrated with other protocols in the reha-
bilitation of PD individuals. 

DISCUSSION AND CONCLUSIONS
EAI are professional-led interventions aimed at en-

hancing health and well-being by actively involving in-
dividuals in structured and nature-based experiences, 
stimulating multiple functional domains at the same 
time (social, emotional, and physical). The interaction 
between motor, cognitive, and socio-emotional skills 
has been a particular area of interest for researchers 

studying both typical and atypical development across 
the lifespan [116]. Motor functioning has been demon-
strated to have clear associations with the development 
of communication and object knowledge; moreover, 
training motor skills and acquiring additional patterns 
of actions (e.g., those related to different sports tech-
niques) have been proven to have a positive impact on 
socialization and interpersonal relationships in both 
children and adults [117, 118]. As evidenced by the 
experiences presented in this overview, incorporating 
riding or vaulting activities into EAI enables targeted 
intervention to improve balance, coordination, and 
agility. Concurrently, these activities foster the develop-
ment of cognitive abilities (executive functions, mem-
ory, and attention), social skills, and emotional regula-
tion strategies, underscoring their multifaceted benefits 
[34-40, 119]. 

From a mechanistic perspective, the rehabilitation 
process can have important effects on brain plastic-
ity by activating those brain circuits that are dysfunc-
tional as a consequence of the disease, especially after 
a chronic phase [120]. Another fundamental notion is 
the existence of periods of vulnerability/opportunity in 
which the brain can be influenced by stimuli that can 
promote plasticity of brain areas affected by the pa-
thology. Among the periods of greatest vulnerability to 
mental illness, we can list the perinatal stages and ado-
lescence [120]. These considerations point to the need 
to carry out early interventions for greater functional 
and behavioral recovery.

It has also been proposed that EAI can impact physi-
ological mechanisms underlying emotional regulation 
and arousal, which are dysfunctional in affective disor-
ders. Tactile contact and direct eye contact with dogs 
during human-animal interaction are associated with 
increased oxytocin release, which plays a central role in 
the regulation of affiliative behaviors within intraspecif-
ic relationships [11, 121]. Preliminary data on human-
horse contact indicate a significant increase in oxytocin 
during the first and seventh week of intervention, and 
a recent study investigated changes in human plasma 
oxytocin levels after engaging with cows, hypothesiz-
ing that interactions with equine and farm animals can 
elicit the same physiological response [122, 123]. It is 
widely recognized that the physical contact experienced 
during grooming activity represents a significant aspect 
of the EAI. Such contact can facilitate relaxation, a 
calming response in the participants, and the human-
horse emotional connection, thereby contributing to 
the overall rehabilitation outcome.

In addition, the non-judgmental and welcoming pres-
ence of the horse can facilitate the acquisition of a 
greater awareness of the emotional internal states and 
the external world [93]. The horse can represent a pow-
erful motivational stimulus and can act as a bridge in 
establishing trust with the mental health professional 
[93] who should support the individual in identifying 
emotions, memories, thoughts, and representations re-
lated to their personal experience.

Notwithstanding the promising findings reported 
in this overview, further research is needed to improve 
knowledge on the effectiveness of EAI, particularly as 
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it relates to the underlying mechanisms. Future stud-
ies should involve larger samples, appropriate control 
groups, balanced gender representation, and standard-
ized assessment tools tailored both to the clinical charac-
teristics of the target population and to the specific com-
ponents of the intervention. A recent paper highlighted 
the importance of harmonizing the terminology, propos-
ing the umbrella term of Animal‑assisted services (AAS), 
to increase transparency about the key features of the 
different approaches in the field [124]. In this project’s 
collection, we have maintained the Italian standard ter-
minology as requested by the Italian Ministry of Health 
[20]. As the field progresses, a common terminology 
must be agreed upon by health institutions and scientific 
societies. Nonetheless, strengthening methodological 
rigor is crucial to allow AAI, or AAS, to be upscaled to 
“best practices” which are fundamental to innovate the 
mental health sector (https://ja-mentor.eu/).
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Abstract
Background. Audit and feedback (A&F) interventions are strategies used in different 
health care settings to monitor and improve professional practice and quality of assis-
tance. However, when professional practice needs to be changed, barriers and enablers 
should be taken into account. 
Material and methods. We conducted an online survey, a focus group, and a few inter-
views after disseminating two reports illustrating 61 key performance indicators (KPIs) 
describing the management of trauma, acute myocardial infarction and stroke in the 
Emergency Medical System of a Northeastern Italy Region. The study was conducted in 
the framework of the EASY-NET Project (NET-2016-02364191). 
Results. Novelty, perception, communication, change, data, and pandemics are the pri-
mary themes describing the attitude of health care professionals towards an A&F inter-
vention using KPIs. 
Conclusions. Improving collaborations and providing specific education should be a 
primary concern before investing further resources in developing indicators and dissemi-
nating results.

INTRODUCTION
Audit and feedback (A&F) interventions are used to 

monitor and improve professional practice and quality 
of assistance [1, 2]. In the audit phase, key performance 
indicators (KPIs) measure the performance of health 
care professionals and compare it to specific targets. In 
the feedback phase, professionals receive the measure-
ment and benchmarking results [3]. A&F usually pro-
duces little but beneficial improvement, allows cumula-
tive incremental gains through repeated cycles [4, 5], 
and is potentially cost-effective [6, 7].

When professional practice needs to be changed, in-
terventions should be tailored considering all possible 
barriers and enablers [8].

A number of factors are related to recipients: the dif-
ferent health care professionals [5, 9, 10]; their reac-
tions and perspectives [10], specific skills and educa-
tion on data interpretation [5, 11]; attitude, motivation 

and intention [5, 9, 10]; capability for change and im-
provement [5]; competing priorities [9-12]; awareness 
of being self-effective [10]; the degree their attention is 
engaged [10] and their defensive reactions are avoided 
[10]; engagement in A&F design [4, 5, 10, 11, 13-15].

Specific characteristics of the A&F content are also 
paramount: its cognitive load should not be excessive [4, 
9, 10, 13, 15]; the comparators should be appropriate [4, 
5, 10, 13, 15, 16], shared [17], and encourage motivation 
to change [5, 16, 18]; the identification of well-defined 
goals should be challenging [13] and perceived as rel-
evant [9, 10, 14], achievable and under the recipient’s 
control [4, 9, 11, 13, 14]; actions and coping strategies 
to achieve the goals should be well described [10]; a 
justification for the need of change should be provided 
[10]; what was achieved rather than what is still miss-
ing should be emphasized (cognitive influence) [10]. The 
nature of data shown also plays an important role [10], 
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since A&F effectiveness depends on the characteristics 
of those available for feedback [5, 13, 19], especially reli-
ability [5, 9, 10, 20, 21]. Indicators should be valid, ac-
curate [9, 11] and tailored to the context [5, 15, 22]. 

Effectiveness is also influenced by feedback timing 
and frequency [4, 5, 10, 13, 17, 21], being more effec-
tive when provided multiple times [10]. The way it is 
delivered and displayed is also crucial [4, 5, 9, 10, 13, 
15, 21], since the credibility of the sender affects the 
results [4, 5, 9, 10, 13, 14]. Effectiveness also increases 
when it creates learning opportunities, encouraging 
reflection and improving memory [10]; when informa-
tion is structured to allow the recipient to eventually get 
more afterward [10]; if recipients are engaged in discus-
sions about the A&F. Functional clinical and manage-
rial relationships are also facilitating factors [4, 17], es-
pecially when they allow supportive top-down feedback 
[4], avoiding performance anxiety [18].

Other determinants are costs [10] and an encourag-
ing environment [10]. 

In the framework of the EASY-NET Project (NET-
2016-02364191), we developed and calculated 61 KPIs 
on trauma, acute myocardial infarction, stroke to de-
scribe the Emergency Medical System (EMS) perfor-
mance in Friuli Venezia Giulia (FVG; 1.2 million inhab-
itants), Italy [23]. We disseminated the results through: 
a report (November 2019; 2018 data); a report and a 
webinar (December 2020; 2019 data); a report and a 
workshop (April 2022; 2020 data). We e-mailed doctors 
and ward managers of two local Health Care Authori-
ties (HCAs) a first survey in February 2020 (n=457) 
and a second in May 2021 (n=497) to explore their at-
titude towards the KPI implementation and use in the 
emergency area. We asked for top-down dissemination 
and collected 71 and 34 answers, respectively. Among 
the responders to the first survey, 60/71 consider feed-
back on their performance beneficial. 

Engagement varied according to different ways to 
provide feedback, with multimodality proving better 
than the text only (1st feedback, only text report: 21/71 
responders knew the report, 4 had read it; 2nd feedback, 
text report and webinar: up to 40 attendees; 3rd feed-
back, text report and workshop: 100 participants) [24]. 

This mixed methods study aims to describe the atti-
tudes of health care professionals towards KPIs as qual-
ity improvement tools and to analyze the determinants 
of their implementation and use through an online sur-
vey, a focus group (FG), and ten interviews.

MATERIALS AND METHODS
The mixed-methods design

We used a convergent parallel design, comprising a 
parallel collection of quantitative and qualitative data, 
an analysis conducted after data collection, and a final 
comparison of the results. Quantitative data was col-
lected through an online questionnaire, while qualita-
tive data originated from one FG and ten interviews.

The rationale for integration was complementarity, 
since we aimed to provide a comprehensive descrip-
tion of the research problem through the analysis of 
multiple sources of evidence. At the interpretation and 
results level, integration was performed through narra-

tive, both with a contiguous approach, presenting the 
qualitative and quantitative findings separately, and us-
ing a joint display where data is brought together and 
organised to facilitate comparison. 

The reports
The 2020 KPI Report (2020 data; published and 

presented during the Workshop in 2022) describes the 
KPIs regarding the EMS (n=6), Emergency Room (ER; 
n=12), cardiology (n=20), neurology (n=4), major trau-
mas (n=12), and Emergency Operation Centre (n=7).

The KPI Comparison Report (published in 2022) 
compares the second semesters of 2019 and 2020. 

All sections of both reports consist of a description of 
the KPI calculation method (datasheets), a brief plain 
explanation of the main results, and a variable number 
of tables and graphs.

The online survey
In May 2023, we contacted the three local HCA, 

two Scientific Institutes for Research, Hospitalization 
and Health care, and the Regional Health Coordina-
tion Authority of the FVG Region, asking to send to 
all health care professionals a predefined brief e-mail 
illustrating the project and asking for collaboration, and 
including links to both reports and to an online survey 
about the attitude towards those reports and KPIs. The 
email reached all the employees through the generic 
“Mailbox Users” recipient, including all employees with 
an institutional email address. No reminders were sent.

To define its questions, we conducted a literature 
search focusing on the barriers and facilitators encoun-
tered during A&F programs using performance indica-
tors [25-32].

The survey (estimated compilation time: 7-10 minutes) 
consisted of 50 multiple-choice and 23 open questions 
(D1-D73): D1 asked whether the compiler had read the 
report or not; the readers had to define if it was engag-
ing, easy to read, complete, understandable, beneficial, 
and to express their opinion about the number of indica-
tors, tables, and graphs (D2-D30). D31 asked whether 
the compiler had read the KPI Comparison Report and 
readers could compile the related questions (D32-D36). 
All compilers could answer questions on the mode the 
indicators’ results were provided (D37-D38) and their 
attitudes and opinions towards indicators (D39-D58). 
D59-D67 focused on the EASY-NET Project, while 
D68-D73 collected general data about the compiler. 

We created the questionnaire using the online sur-
vey-management system EUSurvey (https://ec.europa.
eu/eusurvey/), pre-tested it on a small sample of the 
final recipients, modified it according to their sugges-
tions and kept online for 40 days (May-June 2023). The 
survey was anonymous, but compilers could choose to 
leave their name when they finished. The translation of 
this tool is available online as Supplementary Material. 

The focus group
In June 2023, we emailed all 33 physicians who led 

the units involved in the emergency health care ser-
vices, both in-hospital and out-of-hospital, in the FVG 
Region (ERs, EMS, cardiology, and neurology units), 

https://ec.europa.eu/eusurvey/
https://ec.europa.eu/eusurvey/
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asking them to provide the names of a physician and 
a nurse who were both working in their unit and inter-
ested. We sent an invitation reminder one week apart. 
We used a multiple-choice doodle to schedule the FG 
session among twenty session choices (6 am, 2 pm) in 
16 possible dates (14 weekdays, 2 Saturdays), from July 
10th to August 1st. We asked professionals to select 
all the sessions they were available to attend, and we 
scheduled the FG to balance two objectives: ensuring 
the best representativeness of the emergency-urgency 
disciplines and geographic areas, and maximizing at-
tendance. Six head physicians of the following units 
from two out of three of the FVG HCA participated 
in the FG: the Helicopter Rescue Unit (CL1), a spoke 
hospital ER (CL2), a local EMS (CL3), two cardiol-
ogy units (CL4, CL5), and a neurology unit (CL6). 
Two researchers of the EASY-NET Project conducted 
the FG. CL2 could not participate in the FG and was 
interviewed separately.

We conducted both the FG and the interview accord-
ing to Krueger and Casey [33]. The FG and the inter-
view lasted about 60 and 50 minutes, respectively, and 
were all recorded and transcribed. 

The interviews
Between April and June 2023, two researchers con-

ducted, recorded and transcribed ten interviews with 
all the staff involved in the study: seven research team 
members, five co-workers of the EASY-NET Project, 
and two administrative assistants from the Azienda 
Sanitaria Universitaria Friuli Centrale (ASUFC) Re-
search Office. The mean interview duration was 43 
minutes. 

Statistical analysis
Survey data: we described categorical variables as ab-

solute frequencies and percentages.
FG and interviews: after repeatedly listening to the 

recordings and reading the transcriptions, we per-
formed a thematic analysis, as described by Braun and 
Clarke [34].

RESULTS
The online survey

In the study period, 316 professionals compiled the 
questionnaire (Table 1): 22 knew the EASY-NET Proj-
ect, and 10 had received at least one of its reports. Five 
professionals had received the invitation to join the 
2020 webinar where we presented the 2019 KPI re-
sults but none of them participated due to shift overlap, 
day off or sick leave; 145 had not received the invita-
tion (102 would have liked to, 43 were not interested). 
When asked whether they had received the invitation to 
join the 2022 workshop where we presented the overall 
project, including the 2020 KPI results, eight answered 
they did (one of them participated), 159 answered they 
did not (111 would have liked to, 48 were not inter-
ested), 141 did not remember.

When asked if they read the reports received in this 
study framework, 30 (9.5%) answered they read only 
the 2020 KPI report, 6 (1.9%) only the KPI Compari-
son Report, and 49 (15.5%) both. The majority (73.1%; 

n=231) reported having read none. When asked about 
the 2020 KPI report, only 23 answered they knew it 
before receiving our e-mail (17 being interested, eight 
being not), 283 they did not (232 being interested), and 
eight did not answer.

Readers were 42.7% among males, 21.8% among fe-
males, none among binary persons, while according to 
the age group, readers ranged from 22.0% (<34 years) 
to 30.4% (45-54 years). Among physicians, nurses and 
other professionals, 37.7%, 23.2% and 25.9%, respec-
tively, had read the report. The readers were 30.3% of 
those who ever worked in the emergency-urgency set-

Table 1
Characteristics of the online survey respondents

# Question n %

D68 Sex (n=307)

Male 89 29.0

Female 216 70.4

Not binary 2 0.7

D69 Age (n=310)

<25 2 0.7

25-34 48 15.5

35-44 77 24.8

45-54 102 32.9

55-64 74 23.9

>=65 7 2.3

D70 Profession (n=311)

Physician 61 19.6

Nurse 142 45.7

Social worker in public health 
care service

23 7.4

Clerk 12 3.9

Other* 73 23.5

D72 Do you work in the 
emergency-urgency setting? 
(n=307)

Yes 65 21.2

No 175 57.0

No, but I used to 67 21.8

D73 What local health care 
authority do you belong to?

ASUGI (5954 employees)** 71 22.8

ASUFC (8500 employees)** 165 52.9

ASFO (3537 employees)** 52 16.7

ARCS (182 employees)** 1 0.3

IRCCS CRO (744 employees)** 23 7.4

IRCCS Burlo Garofolo (753 
employees)**

- -

*9 laboratory technicians, 5 radiology technicians, 2 physical therapists, 
1 biologist, 1 midwife, 1 professional educator, 1 psychologist, 1 speech 
therapist; **number of employees on 31st December 2022; ASUGI: Azienda 
Sanitaria Universitaria Giuliano Isontina; ASUFC: Azienda Sanitaria Universitaria 
Friuli Centrale; ASFO: Azienda Sanitaria Friuli Occidentale; ARCS: Azienda 
Regionale di Coordinamento per la Salute; IRCCS CRO: Centro di Riferimento 
Oncologico, Oncology Reference Centre.
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ting (23.9% of past workers, 36.9% of current workers). 
The percentage of readers according to the local HCA 
was very similar, ranging from 25.0% (13/52) among the 
employees of the Azienda Sanitaria Friuli Occidentale 
(ASFO) to 27.3% (45/165); the only employee of the 
Azienda Regionale di Coordinamento per la Salute 
(ARCS) has read the report, as well. 

Report readers
Among those who read the 2020 KPI Report (n=79), 

81.0% found it very easy or easy enough to read and 
86.1% found its subjects very/enough interesting. 

The numbers of indicators, tables and graphs includ-
ed in the 2020 KPI Report were considered “fair”. Table 
2 reports a more detailed analysis. 

We obtained similar results from those who read the 
KPI Comparison Report (n=55; data not shown).

 
All respondents

The majority of respondents (67.1%; n=212) reported 
they would be more interested if the presentation mo-
dality were different: 126 suggested an interactive pre-
sentation (education courses, congresses, conferences), 
12 non-interactive tools (e-mail updates, n=5; audio or 

Table 2
The 2020 KPI Report, according to those who read it (n=79): readability, interest, and usefulness; number of indicators, tables and 
graphs. Results are expressed as absolute numbers (percentages)

READABILITY Not at all Not very Enough Very

How easy do you find it to…? 

D2 Read a report like this (n=79) 4 (5.1) 11 (13.9) 63 (79.8) 1 (1.3)

How clear did you find the…?

D6 Datasheets describing the 
calculation of the indicators 
(n=77)D7

2 (2.6) 9 (11.7) 57 (74.0) 9 (11.7)

D8 Text (n=78) 2 (2.6) 5 (6.4) 54 (69.2) 17 (21.8)

D10 Tables (n=75)D11 2 (2.7) 10 (13.3) 51 (68.0) 12 (16.0)

D12 Graphs (n=77)D13 2 (2.6) 13 (16.9) 40 (52.0) 22 (28.6)

INTEREST Not at all Not very Enough Very

How interesting did you find…?

D3 The subjects it describes (n=79) 1 (1.3) 10 (12.7) 46 (58.2) 22 (27.9)

USEFULNESS Not at all Not very Enough Very

How useful did you find the…?

D14 Datasheets describing the 
calculation of the indicators 
(n=77)

1 (1.3) 13 (16.9) 41 (53.3) 22 (28.6)

D16 Text (n=78) - 8 (10.3) 45 (57.7) 25 (32.1)

D18 Tables (n=76) 2 (2.6) 11 (14.5) 41 (54.0) 22 (29.0)

D20 Graphs (n=76) - 14 (18.4) 37 (48.7) 25 (32.9)

NUMBER OF KPIs Scarce Fair Excessive

How did you find the number 
of …?

D22 EMS KPIs (n=76) 9 (11.8) 62 (81.6) 5 (6.6)

D23 Hospital Emergency System KPIs 
(n=76)

8 (10.5) 65 (85.5) 3 (4.0)

D24 Cardiological KPIs (n=76) 4 (5.3) 66 (86.8) 6 (7.9)

D25 Neurological KPIs (n=75) 8 (10.7) 64 (85.3) 3 (4.0)

D26 Major traumas KPIs (n=73) 8 (11.0) 64 (87.7) 1 (1.4)

D27 EMS regional operating centre 
KPIs (n=74)

8 (10.8) 59 (79.7) 7 (9.5)

NUMBER OF TABLES Scarce Fair Excessive

D29 Tables (n=76) 2 (2.6) 56 (73.7) 18 (23.7)

NUMBER OF GRAPHS Scarce Fair Excessive

D30 Graphs (n=75) 3 (4.0) 59 (78.7) 13 (17.3)

Additional hints from open questions; D7: better explain captions and acronyms; D11: use ascending/descending rather than alphabetical order; better explain 
captions and acronyms; highlight significant results; D13: use more contrasting colours, number graphs; KPI: key performance indicator; EMS: Emergency Medical 
System.
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video recordings, n=7), and one a daily update on social 
networks. Twenty-two respondents expressed the need 
to receive a summary of the results.

The majority of respondents reported indicators im-
prove their performance (very, 26%; enough, 57.3%) and 
72.8% think that receiving feedback through indicators 
increases their job quality. Professionals declared per-
formance indicators show professionals the improvable 
aspects in everyday tasks (73.7%), are useful to improve 
pathways (55.4%), allow comparisons with other organi-
zations (52.8%), are objective (21.5%), increase weak-
nesses and strengths awareness (2.8%), reveal the need to 
introduce improvement strategies and allow to measure 
their effect (3.2%), help to quantify the resources amount 
(0.3%). The respondents also reported several negative 
aspects: they are calculated by people who are not di-
rectly involved in the care pathways and may not know 
essential practical details (45.9%), they’re not used to im-
prove pathways (36.4%), they’re often calculated on old 

data (18.0%), and they are perceived as somehow judging 
their job (3.5%), they need to be interpreted (1.9%). 

Most respondents (82.6%) believe discussing KPI re-
sults is beneficial, especially at the unit (59%), depart-
ment (61.1%), and local HCA (61.7%) level (Table 3).

Most respondents reported they would find it conve-
nient to have an update of KPI results annually (42.4%) 
or biannually (36.7%), but some of them would require 
it quarterly (13.9%) or monthly (3.2%). Consistently, 
the majority would find it beneficial to discuss the KPI 
results yearly (50.3%) or every six months (34.8%), 
while some of them would require a higher frequency 
(every three months: 9.8%; every month: 1.6%).

The large majority of respondents think the useful-
ness of KPI depends on whether data is recent (yes: 
59.5%; sometimes: 27.2%); data is considered as suit-
able when not older than 3, 6, 12 and 24 months by 
36 (11.4%), 100 (31.6%), 143 (45.3%) and 29 (9.2%) 
respondents, respectively. 

Table 3
Professionals to be engaged in KPI discussion and discussion level, according to all respondents (n=316)

# Question n %

D44 What doctors should be engaged in KPI discussion? (Multiple choice is 
allowed)D45

Department leads 191 60.4

Unit leads 222 70.3

Physicians 224 70.9

None 20 6.3

D46 What health care professionals other than doctors should be engaged in KPI 
discussion? (Multiple choice is allowed)D47

Department nurse leads 178 56.3

Unit nurse leads 240 75.9

Nurses 275 87.0

Professionals other than nurses 147 46.5

None 6 1.9

D48 What administrative/organizational professionals should be engaged in KPI 
discussion? (Multiple choice is allowed)D49

Professionals from the Medical Directorate – hospital level 191 60.4

Professionals from the Medical Directorate – health care service level 206 65.2

Professionals from the Regional Health Directorate 168 53.2

Professionals who identified indicators and defined how to calculate them 193 61.1

Professionals who calculated the indicators 136 43.0

None 12 3.8

D50 At what level would KPI discussion be beneficial? (Multiple choice is allowed)

Unit 185 58.5

Department 193 61.1

Local health care authority 195 61.7

Region 134 42.4

National 70 22.2

International 25 7.9

Additional hints from open questions; D45: KPI discussion should include doctors working in health care districts and/or General Practitioners (n=2); D47: 
other professional figures cited are health care assistants (n=1) and nurses involved in quality and risk management (n=1); one respondent also suggested 
multidisciplinary audits that go beyond hierarchical concepts, also taking into account the patients’, families’ and social environment’s position; in this context, a 
psychologist could be useful in settling relational dynamics among professionals; D49: management engineers (n=1), the Chief medical officer (n=1), local and 
regional health care authorities (n=1); KPI: key performance indicator.
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The focus group (clinicians, CL)
Four main themes emerged from the thematic analy-

sis: perception, communication, change, and data. 
CL2/CL3/CL5 expressed their perception, one of 

them considering KPIs as essential, especially when 
dealing with time-dependent pathologies in the pre-
hospital setting, where collecting data is not easy, and 
tools are less available than in the hospital setting 
(CL3). On the one hand, CL2/CL3 identify KPIs as 
a starting point for enhancement, allowing one to take 
standardized pictures of reality and to improve it. On 
the other hand, CL5 declared feeling disheartened, 
thinking KPIs are not useful for adjusting behaviors. 
CL2 also described the negative perception of the phy-
sicians and nurses working in the same unit: they think 
KPIs have no value, sometimes being felt as a school 
report that may be important to the head physician and 
it is only necessary to achieve the budget’s objectives 
and earn benefits.

All clinicians discussed their points of view about 
communication; CL2/CL3 believe a close clinicians-re-
searchers collaboration would allow clinicians to know 
which KPIs researchers can calculate, and researchers 
to better understand data and its limits and to identify 
KPIs that are relevant for clinicians and that may have 
an impact on the patients’ pathways.

CL2/CL4/CL5/CL6 think that meetings could be 
beneficial for understanding data, should be organized 
at a regional and at local level and include both the 
head physicians and their collaborators, both doctors 
and nurses. CL2 also described the need for education 
on KPIs, which is paramount to learning how to contex-
tualize KPIs and appreciate their value.

As for change, CL3 described the hard past unifica-
tion of the provincial EMSs in a Regional Operations 
Centre, while CL2/CL5 are more future-oriented, with 
a strong willingness to change, CL2 believing the iden-
tification of barriers and hurdles should not prevent 
from changing actively, step by step, CL5 asking how 
to improve the quality of data and to obtain KPIs clini-
cians can rely on.

Data was deeply discussed: all clinicians described 
data collection as inadequate, since it sometimes 
derives from hardcopy archives or is input by health 
care personnel for specific purposes when information 
technology is insufficient; moreover, KPIs show incon-
sistencies when resulting from different databases or 
analyses. CL1/CL3/CL4 reported difficult or impos-
sible access to data due to privacy and data ownership 
issues.

In addition, CL2/CL3/CL4 believe data is underused 
by organizations and policymakers, although adopting 
an A&F strategy using KPIs to measure clinical systems 
could help improvement; CL3/CL4 read this attitude as 
a lack of interest, preventing specific ventures from be-
ing sporadic and leaving clinicians isolated, while CL2 
suggests that urgency outclasses planning and KPIs do 
not represent a priority for policymakers.

Of note, CL3 appreciated the novelty of analyzing 
and interpreting emergency KPIs in FVG and declared 
to be positively astonished, interested and enthusiastic 
about it.

The interviews (researchers)
Researchers debated the themes of novelty, percep-

tion, communication, change, data and pandemics. 
Having calculated KPIs on the FVG emergency activ-

ities for the first time led to the enthusiastic participa-
tion of several health care professionals (novelty). Nev-
ertheless, KPIs were sometimes interpreted as marks or 
judgements (perception). 

KPIs interpretation was difficult for health care pro-
fessionals not used to them; the lack of mediators be-
tween clinicians and researchers caused misunderstand-
ings and hindered the comprehension of KPIs and their 
use for improvement, at times. In addition, a laboured 
collaboration between researchers and institutions did 
not help the project’s success. Researchers found it hard 
to give feedback to health care professionals, especially 
when results had to be shared hierarchically; in particu-
lar, the unit’s heads hardly involved their collaborators 
(communication).

Moreover, the context where researchers conducted 
the project was not stable in time (change): FVG po-
litical government and health care top management 
changed; modifications in health care districts and 
local HCA occurred both geographically and organi-
zationally; the Regional Committee for Urgency and 
Emergency was dismissed; several EMS heads suc-
ceeded one another; the regional triage system and 
the urgency-emergency software changed. Therefore, 
it was not feasible for researchers to have stable insti-
tutional and technical reference figures aware of the 
system and trusted by professionals; moreover, system-
atically monitoring indicators in different periods was 
demanding. 

Change also affected data, since the database used 
changed during the study period (number of records; 
name, number and coding of variables), often making 
reproducibility difficult when not impossible; moreover, 
a manual with metadata was not available, sometimes 
making not even possible to define whether changes 
were retrospective or prospective. However, data avail-
able in the FVG Region, although difficult to obtain, is 
considered a treasure by the researchers and the col-
laboration with colleagues working in institutional units 
represented a value.

Last but not least, pandemics could have been a bar-
rier which may have lowered the interest in KPIs.

Table 4 shows a joint display which summarizes the 
barriers and facilitators emerging from the online sur-
vey, FG, and interviews we conducted.

DISCUSSION
This mixed-methods study investigated the bar-

riers and facilitators of using KPIs, as reported by 
health care professionals and researchers. Six themes 
emerged from the online survey, FG and interviews: 
a) novelty: describing for the first time the emergency 
setting in FVG through KPIs led to the enthusiastic 
participation of health care professionals; b) percep-
tion: although KPIs are described as objective tools 
allowing improvement through comparison, they are 
also perceived as a judging method; c) communication: 
a fluid information flow, a close clinicians-researchers 
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Table 4
Joint display of barriers and facilitators emerging from the online survey, focus group, and interviews

Theme Online survey Online survey Focus group Interviews

Quantitative results Open questions (excerpts)

1 NOVELTY

Barriers

Facilitators •	 First experience 
with kpis in 
emergency setting

•	 Enthusiastic participation 
of several health 
professionals emergency 
kpis are calculated for 
the first time 

2 PERCEPTION

Barriers D52. What do you think are 
the negative aspects of the 
indicators?

Indicators are a form of 
judgement of my job
3.5% 

Indicators are calculated by 
external people who don’t 
know reality
45.9% 

Indicators are not used to 
improve pathways
36.4%

Healthcare and everyday tasks are 
much more complex than simple a 
priori indicators (D42)

[Indicators] could be only useful 
if they were contextualized 
and the results were used for a 
serious project for improvement 
(unfortunately, this is not what I saw 
in my experience) (D42)

I don’t think [indicators] are useful 
because most of those who should 
interpret them are not even basically 
educated to be able to modify them 
(D42)

Those who judge do not work and 
those who judge work in an office 
(D53)

•	 KPIs interpreted 
as marks or 
judgements  
kpis are not 
useful to adjust 
behaviors

•	 KPIs are only 
necessary 
to achieve 
the budget’s 
objectives and 
earn benefits

•	 KPIs interpreted as marks 
or judgements

Facilitators D39. Do you think 
indicators could be 
beneficial to improve 
performance? 

very much 26.6%
somewhat 57.3%

D40. Do you think 
receiving feedback such 
as the indicators results in 
your working environment 
is beneficial to improve the 
quality of your job? 

Yes 72.8% 

D41. How do you think 
performance indicators 
could be beneficial? 

Indicators reveal the 
aspects that need 
improvement in everyday 
work 
73.7%

Indicators are useful for top 
and middle management 
to improve pathways 
55.4%

Indicators allow 
comparison with other 
organisations 
52.9%

Indicators are objective, 
thus non-interpretable 
21.5%

It should be asked those working on 
the field what are the actually useful 
indicators (D42)
 
[Indicators] increase awareness and, 
thus, the motivation for change 
(D42)

[Indicators are useful because] 
measuring performance means not 
only where we can improve but also 
where we stand out (D42)

[Indicators are useful to] guide our 
own professional behaviour (D42)

[Indicators are useful to] align 
operating modes (D42)

[Indicators are useful] to commit 
appropriate human and 
instrumental resources (D42)

[Indicators] allow me to share 
possible criticalities to improve 
performance (D42)

•	 KPIs are essential, 
especially in 
time-dependent 
pathologies in 
the emergency 
setting

•	 KPIs are a 
starting point for 
improvement

Continues
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Table 4
Continued

Theme Online survey Online survey Focus group Interviews

Quantitative results Open questions (excerpts)

3 COMMUNICATION

Barriers D37. Would you be more 
interested if the results 
presentation were different 
from a written document 
(e.g., a meeting of 
professionals, a conference, 
a training course)? 

Yes 67.1%

I have the problem of finding the 
time to read a long and complex 
text; I am not used to reading such 
texts, and my reading is slower than 
it should be (D38)

•	 Hard to give feedback 
hierarchically

•	 Sharing from leads 
to collaborators was 
difficult

•	 Lack of mediators 
between clinicians and 
researchers

•	 Labored collaboration 
between researchers 
and institutions

•	 KPIs interpretation was 
difficult due to scarce 
education

Facilitators D43. Do you think it is 
useful to discuss the results 
of the indicators? 
Yes 82.6%

D38. What KPI results 
sharing mode would 
you appreciate? Can you 
explain why?

Interactive presentation 
(education courses, 
congresses, conferences)
39.9%

Summary of the results
7.0%

Dialogue between those 
professionals who prepared the 
report/analysed the data and the 
report recipients could be a great 
opportunity for discussion (D38)

Sharing data makes data 
knowledge less boring (D38)

•	 A close 
collaboration 
between clinicians 
and researchers is 
paramount

•	 Meetings are 
beneficial for 
understanding 
data, discussing 
and working 
together for 
improvement

•	 Education on kpis 
is beneficial 

4 CHANGE

Barriers •	 Change of 
the EMS 
organizational 
assessment

•	 Change of political 
government

•	 Geographical and 
organizational 
modifications in 
healthcare districts

•	 Dismission of the 
regional committee for 
urgency and emergency

•	 EMS heads turnover
•	 Change of the regional 

triage system
•	 Change of the urgency-

emergency software
•	 Absence of stable 

institutional and 
technical reference 
figures

Facilitators [Indicators] are feedbacks that allow 
to guide necessary changes (D42)

If interpreted and tackled with 
intellectual honesty, KPIs allow us to 
overcome self-referential and localist 
reasoning, to offer a service much 
more oriented to the actual needs of 
the “stakeholders” (D42)

•	 Willingness to 
change

Continues
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collaboration, dedicated meetings to discuss KPIs and 
specific education allowing their correct interpretation 
are crucial; d) change: many organizational changes 
were described as barriers but clinicians also showed 
a strong willingness to change; e) data: although much 
data is collected, data and IT infrastructure are often 
described as old, inadequate and hardly available due 
to privacy policies; f) pandemics may have lowered the 
interest on KPIs. 

Among recipient-related factors, specific skills and 
education on data interpretation are described as facili-
tators [5, 11, 35]; consistently, in our study, clinicians 
reported the need for education on KPIs, which would 
help health care professionals to interpret their signifi-
cance and appreciate their value. This is also in line with 

the suggestion, provided by some authors, to provide 
simplified key messages to minimize cognitive overload 
[2, 10, 13], and with the need for support in under-
standing and interpreting data [36]. 

Several authors reported that engaging the recipients 
when designing A&F interventions may improve ef-
fectiveness [4, 5, 10, 11, 13, 15]. Similarly, during the 
FG and the interviews both clinicians and research-
ers expressed the need for collaboration and debate 
to exchange information and build appropriate and 
meaningful indicators, also suggesting structured and 
well-timed meetings involving all the emergency actors, 
in line with the suggested participatory feedback con-
struction [2, 13] and social engagement and interaction 
[10, 37]; similarly, Snider et al. reported the success of 

Table 4
Continued

Theme Online survey Online survey Focus group Interviews

Quantitative results Open questions (excerpts)

5 DATA

Barriers D52. What do you think are 
the negative aspects of the 
indicators?

They are often calculated 
using too old data 
18.0%
D56. Do you think the 
usefulness of the indicators 
also depends on how old 
the data used to calculate 
them is? 

Yes 59.5%
Sometimes 27.2%

Without interpretation, the data is 
for the sake of it (D53)
The data need to be explained (D53)

Limitations: actual reliability of 
data sources, confounding factors, 
personal interpretation of specific 
indicators from uneducated 
professionals, et cetera (D53)

The data is often not easily classified 
in specific categories (D53)

•	 Inadequate data 
collection

•	 Insufficient 
information 
technology

•	 Privacy and data 
ownership issues

•	 Data is underused 
by organizations 
and policymakers

•	 Database change 
(number of records; 
name, number, and 
coding of variables)

•	 Absence of a metadata 
manual

•	 Data is difficult to obtain

Facilitators The data in itself is neutral. They 
need to be collected, analyzed, 
and interpreted by highly qualified 
professionals. After publication, 
dissemination and discussion with 
collaborators, a debate should 
origin, open to criticism, motivated 
doubts, suggestions [omissis]. This 
data should also be divulged to the 
general population because, in the 
end, society itself benefits from the 
performance improvement. (D53) 

•	 Data is a treasure
•	 Collaboration with 

colleagues working in 
institutional units 

6 PANDEMICS

Barriers The negative aspect is that the 
compared data also describes a 
pandemic year and the emergency-
urgency system had this additional 
load (D53)

[Indicators] suffer from bias needs to 
take into account (e.g., comparison 
between 2019, before pandemics, 
and 2020, pandemic year) (D53)

Pandemics made data irregular 
and caused several outliers in many 
research fields; thus, it is paramount 
to gradually start collecting data 
regularly to obtain a picture of the 
new “norm” (D58)

•	 Pandemics may have 
lowered the interest in 
KPIs

KPI: key performance indicator; EMS: Emergency Medical System.



A mixed-methods study on KPIs for the EMS

O
r

ig
in

a
l
 a

r
t

ic
l

e
s
 a

n
d

 r
e

v
ie

w
s

263

collaboration, allowing to tailor the report’s contents 
and structure [20].

Consistently with both our previous survey [24] and 
the FG, the online survey showed that receiving feed-
back on performance was perceived as beneficial be-
cause indicators increase awareness of both weaknesses 
and strengths, they reveal improvable aspects and allow 
to measure the effect of improvement strategies and 
to estimate the necessary amount of resources. More-
over, they allow comparisons with other organizations. 
However, we recorded contrasting opinions among the 
interviewees and the FG clinicians about the KPIs’ 
benefit in improving pathways. Moreover, some re-
spondents considered KPIs objective, while others 
underlined that their interpretation needed contextu-
alization. This is consistent with previous literature, 
suggesting the effectiveness of A&F varies according 
to data credibility and trustworthiness, as perceived by 
recipients [10]. 

Despite an overall positive attitude towards KPIs, a 
few interviewees declared they perceive their job be-
ing judged by KPIs, consistently with the researchers 
and one of the FG clinicians. This is in line with other 
studies, reporting that clinicians may suffer from per-
formance anxiety [18] and feel threatened rather than 
supported by top-down feedback [4]. Some authors 
similarly described the role of attitude, motivation and 
intention of the recipients [5, 9, 10]. 

In our organization, this perception can be explained 
because KPIs are almost always linked to budget goals, 
thus KPIs may be interpreted as tools used to force be-
haviours. 

As in other studies [10, 38], data quality was of con-
cern. Most interviewees reported that the usefulness 
of KPIs depends on whether the data is recent, being 
less beneficial when calculated using old data. Data was 
also one of the themes widely discussed during the FG, 
when clinicians agreed that the quality of emergency 
data is not satisfactory, possibly causing inconsistencies 
when using different sources and databases. This con-
firms that data available for feedback should be appro-
priate [5, 13, 19] and tailored on the specific context 
[5, 15, 22], other than reliable [5, 9, 10, 20, 21], valid 
and accurate [9, 11]. Almost half of the interviewees re-
ported that researchers who calculate KPIs do not have 
knowledge of the context they describe; for this reason, 
health care professionals often disagree with calculation 
methods and suggest clinicians and researchers should 
collaborate to increase the acceptance of KPIs results 
through the trust in data sources [10, 14, 20]. How-
ever, in our study, data represented not only a treasure 
but also a troublesome problem for the researchers, due 
to database changes and because they are difficult to 
obtain. Clinicians appreciated data value, as well, and 
some of them believe data is underused by organiza-
tions and policymakers, probably because KPIs do not 
represent a priority. 

Our study revealed the difficulty of communicating 
the KPIs results to our target recipients. On the one 
hand, sending personal e-mails to each health care pro-
fessional allowed us to enrol many more subjects than 
in the previous surveys [24]; on the other hand, only 

2.5% of the interviewees reported they received the in-
vitation to the workshop where we presented the KPIs 
results. This issue was unsurprisingly due to top-down 
dissemination and in line with the scientific literature, 
reporting that the effectiveness is influenced by the way 
feedback is delivered and displayed [4, 5, 9, 10, 13, 15, 
21]. Unfortunately, a different dissemination method 
was not permitted, preventing a better engagement 
through multimodality feedback [2, 13, 20]. 

Another issue concerned the expected low percent-
age of the interviewees who read at least one of the KPI 
Reports (26.9%). This was not unexpected, since some 
Canadian authors reported that opening feedback re-
ports only slightly improved even with different behav-
ioral nudges [39]. 

In our study, the poor result could possibly be ex-
plained because most respondents would have leaned 
towards a different presentation modality, preferably 
interactive. Moreover, they would have preferred a sum-
mary of the results, since other studies already identified 
time [35, 38, 40] and competing priorities [9-12] as the 
most important barriers. Unfortunately, even though our 
reports consisted of text, tables and graphs, as suggested 
by the literature [2], they did not include short key mes-
sages that could encourage a first reading [2, 13]. 

Most online survey respondents reported they would 
find it convenient to have an update of KPI results and 
discuss them annually or biannually, especially at the 
unit, department, and local HCA level. Similarly, the 
FG clinicians requested meetings to discuss KPIs. This 
is in line with the scientific literature affirming A&F is 
more effective if recipients are engaged in discussions 
about the A&F [10] and that supervisors or colleagues 
are more reliable than other sources [13]. Moreover, it 
is consistent with the role of facilitator played by feed-
back timing and frequency [4, 5, 10, 13, 17, 21], sug-
gesting A&F is more effective when delivery is provided 
multiple times [10]. 

An encouraging environment affects the effectiveness 
of A&F interventions [10], functional clinical and man-
agerial relationships being needed [4]; consistently, we 
found as a major hurdle the political and organizational 
changes occurred in recent years, which prevented sta-
ble and informed institutional and technical reference 
figures professionals could trust. 

Strengths and limitations
The main strength of this study is novelty: although 

KPIs are regularly used in FVG to monitor health care 
performance, this was the first research conducted to 
explore the point of view of health care professionals 
and to investigate the barriers and facilitators when 
using these tools. Another strength is the choice of a 
mixed-methods design, which allows us to provide a 
comprehensive description of the research problem 
through the analysis and integration of multiple sourc-
es of evidence. This allowed us to collect the viewpoints 
of: a) the health care professionals, who are those asked 
to change their behaviour to improve KPI estimates, b) 
the emergency-urgency area head physicians, who are 
directly involved in the budgeting process, where KPIs 
are used to measure the performance of each clinical 
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unit, and c) the researchers, who are often asked to 
calculate KPIs but just as often are not involved in the 
clinical pathways. In addition, the survey’s open ques-
tions allowed health care professionals to express their 
point of view without constraint, not being forced to 
choose among predefined answers. Moreover, although 
the FG engaged only 6 out of the 33 invited physicians, 
these represent all the emergency-urgency disciplines 
and work in two of the three local HCA. This should 
also be considered a strength because the choice is 
derived from the predefined objective of reaching the 
best representativeness of disciplines and geographical 
areas. 

However, this study also suffers from several limita-
tions. First of all, only about three hundred health care 
professionals filled out the online survey, with response 
rates across the Authorities ranging from 0% (IRCCS 
Burlo Garofolo) to 3.1% (IRCCS Centro di Riferi-
mento Oncologico, CRO, Oncology Reference Cen-
tre). One possible explanation is that the only possible 
way to reach health care professionals was a massive 
email dissemination from the Directorate of each local 
HCA, and for this reason, no reminders could be sent. 
Moreover, the email itself could have been considered 
as routine communication, and possibly ignored. Last 
but not least, the intended survey recipients were all 
health care professionals, but the email explicitly men-
tioned the emergency-urgency KPIs report; thus, it is 
likely that many health care professionals not engaged 
in that field simply ignored the invitation. This, possi-
bly, led to a selection bias, where only more engaged 
and interested professionals, especially if working in 
the emergency-urgency field, decided to participate 
and provided their point of view and opinions. A simi-
lar limitation may have affected the FG results; in fact, 
although we asked each head physician to provide the 
names of a physician and a nurse, only leading physi-
cians joined the FG, and we missed the point of view 
of other physicians and nurses, although the head phy-
sicians often reported their collaborators’ perceptions. 
However, the results are both internally consistent and 
in line with the evidence from the literature; thus, the 
sample is likely representative of the entire population 
and, accordingly, the study results reasonably reflect the 
actual attitudes of health care professionals.

CONCLUSIONS
Novelty, perception, communication, change, data, 

and pandemics are the primary themes describing the 
attitude of health care professionals towards an A&F 
intervention using KPIs. The facilitators and barriers 
identified, consistent with the scientific literature, are 
primarily related to education, feedback strategies and 
the relationships among management, researchers and 
recipients. Middle and top management should trea-
sure this evidence to reinforce facilitators and remove 
or minimize hurdles, thus leading to a better accep-
tance of the KPIs as a method to measure and improve 
the efficiency of the system. First of all, all health care 
professionals should be given specific basic tools which 
allow them: to discriminate when data is reliable, valid 
and accurate, and when they’re not; to understand what 

numerator and denominator are used to calculate a spe-
cific KPI; to read a KPI estimate and its variability; to 
interpret simple tables and graphs; to figure out when 
different KPIs and data can be compared and when 
comparison is not appropriate. Education would allow 
health care professionals to adopt a common language 
and shared knowledge would lead them to be engaged 
and to play on a common ground with researchers, as 
well. 

Close collaboration between researchers and health 
care professionals should be ensured when calculation 
methods are decided, in order to build appropriate 
and meaningful KPIs, to contextualize them, to un-
derstand their significance beyond the numeric value, 
and to interpret them correctly. Moreover, KPIs should 
be mostly used to measure the efficiency of processes, 
procedures and pathways with a planned frequency and 
only as an afterthought as a budgeting tool. Last but 
not least, KPIs results should be presented in dedicated 
interactive meetings where all the actors are invited and 
involved, and the moderators are preferably colleagues 
or supervisors; health care professionals should be ac-
tively engaged in discussions where data is presented 
and support for interpretation is given, allowing for dis-
cussion and debate. When published materials are also 
provided, they should be short, easy to read and under-
stand, focused on clear key messages.
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Abstract
Background. Bisphenol S (BPS) is a widespread BPA substitute with emerging immu-
notoxicity; this review synthesizes zebrafish and rodent experimental evidence to clarify 
BPS‑induced inflammation.
Methods. Narrative synthesis of experimental studies in zebrafish and rodent models, 
focusing on molecular pathways, organ‑level effects, and exposure timing.
Results. Across models, BPS consistently activates an oxidative stress-mediated NF‑κB 
axis with increased ROS, lipid peroxidation, and upregulation of TNF‑α, IL‑1β, and 
IL‑6; chronic and developmental low‑to‑moderate exposures produced stronger inflam-
matory phenotypes than acute high doses.
Conclusions. Convergent mechanistic and pathological findings strengthen the weight 
of evidence for BPS immunotoxicity and support targeted monitoring and controls; key 
research gaps include inflammasome activation, receptor mechanisms, sex differences, 
mixture effects, epigenetic regulation, and standardization.

INTRODUCTION
Bisphenol S (BPS) is a widely used substitute for bi-

sphenol A (BPA) analogues in consumer and industrial 
products such as polycarbonate plastics, epoxy resins, 
and thermal papers. BPA is a non-perennial anthro-
pogenic compound widely used in recent decades as a 
primary plastic material for various applications such 
as food packaging, personal care products, household 
items, and medical devices [1]. BPA has been recognized 
as an Endocrine Disruptor Chemical (EDC) that alters 
endocrine function by imitating, inhibiting, or modify-
ing hormone production, transport, metabolism, and re-
ceptor binding [2]. BPA has been banned in consumer 
products, including all baby bottle production, in the EU 
and Malaysia since 2012, and the ban has expanded to 
all materials used in food contact applications in 2024.

BPS, also known as 4,4’-sulphonyldiphenol, is a pri-
mary substitute for BPA, sharing a similar chemical 

structure with BPA, including two phenol groups con-
nected by a sulphonyl group [3]. Despite being intro-
duced as a safer alternative, BPS has become ubiqui-
tous in the environment and in human populations. 
Several studies have reported that BPS has been de-
tected in surface water, sewage, and sediment samples 
globally, indicating widespread environmental pollution 
[4, 5]. As a result, biomonitoring data show that BPS is 
detected in the urine in most people, including 89.4% 
of adults in the US, and broad detection across Asian 
and European cohorts [6]. Temporary trends suggest 
that BPA levels are gradually stabilising or declining as 
a result of global BPA ban regulations. In contrast, BPS 
concentrations in human samples are gradually increas-
ing, raising serious concerns about the potential health 
consequences, which may be comparable to or worse 
than those of BPA. Various consumer products, par-
ticularly food and beverage packaging, primarily expose 
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people to BPS. Furthermore, thermal paper, such as re-
ceipts, is a major source of exposure. High levels of BPS 
were detected in fractional urinary excretion, reaching 
up to 92% in men and 72% in women [7].

Inflammation represents an essential biological re-
sponse to harmful stimuli, but its dysregulation is a 
major cause of disease. Acute inflammation serves as 
a protective, short-term response to injury or infection, 
while chronic inflammation indicates a prolonged, low-
level condition marker due to ongoing immune activa-
tion and tissue damage [8]. Recent research has focused 
on the recognition of systemic chronic inflammation as 
a fundamental mechanism in the pathogenesis of ma-
jor noncommunicable diseases, including cardiovascu-
lar disease, type 2 diabetes, obesity, neurodegenerative 
disorders, and cancer [9]. Pathological processes are 
mediated by critical intracellular signalling pathways, 
particularly the Nuclear Factor kappa-B (NF-κB) path-
way, the Mitogen-Activated Protein Kinase (MAPK) 
cascade, and the NLRP3 inflammasome [10]. These 
pathways regulated the production of pro-inflammatory 
cytokines, including TNF-α, IL-1β, and IL-6 [8].

Well established toxicological evidence links that 
environmental pollution can act as an endocrine-
disrupting chemical (EDC), potentially altering the 
homeostasis balance between pro-inflammatory and 
anti-inflammatory signals [1]. The relationship between 
environmental toxicants is increasingly linked to the in-
duction of sterile inflammation, establishing a mecha-
nistic connection between chemical exposure and the 
risks associated with chronic diseases [2]. Although 
BPS has been extensively studied for its ability to in-
duce inflammation via oxidative stress and receptor-
mediated pathways, its inflammatory capacity remains 
poorly understood despite its structural similarities. It 
is scientifically conceivable that BPS may cause a com-
parable or different inflammatory response due to its 
similar phenol groups responsible for receptor binding. 
Therefore, an extensive assessment of its immunotoxic-
ity potential is required.

A cross-species comparative approach would allow 
for a thorough examination of the mechanisms of BPS-
induced inflammation, providing valuable translational 
insight. Animal models allow for controlled dosing and 
exposure timing, which aids in the identification of 
thresholds and chronic effects relevant to environmental 
and human exposure [11]. Monitoring and comparing 
BPS-induced inflammation in different animal models is 
critical for understanding its health effects and causes, as 
well as applying the findings to human health. This phe-
nomenon is due to variations in BPS sensitivity, immune 
response, and metabolic processing among species. By 
comparing animal model studies, we can determine 
which findings are likely to be applicable to humans, and 
some models can highlight different mechanistic diver-
sity, such as gut microbiome involvement, while others 
focus on immune cell activation or organ-specific dam-
age, providing a comprehensive view of BPS toxicity.

This narrative review provides a novel compara-
tive synthesis of BPS-induced inflammatory pathways 
in zebrafish and rodent models. By exploring the un-
derexplored existing literature to identify conserved 

mechanisms, model-specific responses, and gaps for 
human risk assessment. Databases consulted included 
PubMed, Web of Science, and Scopus. Search terms 
combined “bisphenol S” OR “BPS” with “inflammation” 
OR “inflammatory pathway” AND “zebrafish” OR “Da-
nio rerio” OR “rodent” OR “mouse” OR “rat”. Studies 
from 2015 to 2025 were included if they reported BPS-
induced inflammation in these models with mechanis-
tic data. Exclusion: non-English paper, review without 
primary data, non-peer-reviewed sources.

INFLAMMATORY PATHWAYS OVERVIEW
The molecular landscape of BPS toxicity involves a 

complex network of signaling cascades that bridge initial 
chemical exposure to systemic pathology. As illustrated 
in Figure 1, BPS-induced inflammation is characterized 
by the integrated activation of the NF-κB pathway, the 
MAPK cascade, and the NLRP3 inflammasome, all of 
which are modulated by upstream sensors like TLR4 
and metabolic regulators such as PPARγ.

The primary regulator of the inflammatory response 
is the NF-κB signalling pathway. Under normal physi-
ological conditions, NF-κB is sequestered in the cyto-
plasm by the inhibitory protein IκB. Figure 2 illustrates 
a detailed schematic representation of canonical NF-κB 
activation sequence following BPS-induced ROS/TLR4 
signaling. Research has shown that upon BPS exposure, 
IkB undergoes rapid phosphorylation and degradation, 
facilitating the translocation of the active p65/p50 NF-
κB complex into the nucleus [12]. Upon entering the 
nucleus, this complex binds to specific DNA promoter 
regions, leading to the transcription of a diverse array of 
pro-inflammatory genes. These genes include cytokines 
like TNF-α, IL-6, and IL-1β, which are recognised as 
key biomarkers of BPS immunotoxicity [13]. This path-
way acts as a central convergence point for BPS toxicity, 
integrating signals from oxidative stress and upstream 
receptors in the chain, initiating a systemic inflamma-
tory response.

The Mitogen-Activated Protein Kinase (MAPK) cas-
cade exhibits a significant relationship with NF-κB. 
This pathway serves as a crucial mechanism for the 
signal transduction pathway that responds to external 
stressors outside the cells. Exposure to BPS has been 
proved to activate essential MAPK subfamilies, par-
ticularly ERK1/2, JNK, and p38 [13]. The activation 
of the phosphorylation process in response to Reactive 
Oxygen Species (ROS) via BPS or receptor binding. 
This pathway functions as an essential signal trans-
ducer, converting stress signals from outside the cell, 
which are frequently caused by BPS-induced ROS, 
into a response inside the cell that increases cytokine 
production and influences cell fate, shifting the equi-
librium towards survival and apoptotic cell death [14]. 
The MAPK pathway is an important mechanism that 
acts as an amplifier of inflammatory signals, bridging 
the gap between initial chemical toxicant exposure and 
the cellular stress response.

The activation of the NLRP3 inflammasome, a multi-
protein intracellular complex that serves as a sensor for 
“danger” signals, represents a distinctive and significant 
component of BPS-induced inflammation. The expo-
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sure of BPS triggers the formation of a complex com-
prising NLRP3, ASC, and pro-caspase-1 and serves as 
a molecular mechanism responsible for processing and 
releasing the inflammatory cytokines IL-1β and IL-18 
[15]. This pathway is particularly significant because it 

leads to pro-apoptosis, which is a form of programmed 
cell death that induces significant inflammation [2]. 
The activation of the NLRP3 inflammasome suggests 
that BPS may induce sterile inflammation, leading to 
tissue injury even in the absence of pathogens.

Figure 1
Overview of BPS-induced pathways (NF-κB, MAPK, NLRP3, upstream TLR4/Nrf2/PPARγ) leading to cytokine production, cell death, 
and chronic meta-inflammation.

Figure 2
Schematic representation of the canonical NF-κB activation pathway. This Figure illustrates BPS-induced ROS/TLR4 signaling lead-
ing to IkB degradation, p65/p50 nuclear translocation, and cytokine (TNF-α, IL-1β, IL-6) transcription conserved across models.
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The upstream sensor frequently initiates or modifies 
the activation of these key pathways. Toll-Like Recep-
tor 4 (TLR4), which is conventionally recognised as a 
sensor for bacterial endotoxins, may undergo aberrant 
activation due to cellular damage signals caused by 
BPS. This activation triggers a signalling cascade that 
directly interacts with NF-κB and MAPK pathways 
[16]. Simultaneously, BPS interferes with the Nrf2/
Keap1 pathway, which is the cell’s main mechanism 
for protecting cells against oxidative stress. The initial 
activation of Nrf2 is a protective response designed to 
neutralise ROS created by BPS. However, when this 
pathway is chronically dysregulated, it may lead to per-
sistent oxidative stress and inflammation. Finally, BPS 
interferes with PPARγ signalling, a nuclear receptor 
pathway that links lipid metabolism with inflamma-
tion [17]. By disrupting PPARγ activity, BPS can cause 
“meta-inflammation”, a chronic low-grade inflamma-
tory state linked to metabolic disorders such as obesity 
and fatty liver disease.

ANIMAL MODELS IN BPS-INDUCED/
EXPOSED INFLAMMATION

Zebrafish and rodents were chosen as complementa-
ry vertebrate models to capture both mechanistic detail 
and systemic complexity of BPS-induced inflammation. 
zebrafish enable high-resolution, real-time analysis of 
innate immune cell dynamics and early-life responses 
under controlled waterborne exposure, but underdevel-
oped adaptive immunity, and lack complex mammalian 
organs. While rodents provide insights into organ-spe-
cific chronic pathology, adaptive immunity, and dose-
dependent systemic effects relevant to human exposure 
scenarios. 

ZEBRAFISH MODEL
Zebrafish (Danio rerio) have emerged as a popular 

vertebrate model for studying inflammation, including 
the effects of toxicants such as BPS, due to their high 
genetic and physiological similarities to mammals. Over 
70% of human genes have a zebrafish counterpart, and 
more than 80% of genes associated with human disease 
are conserved [18]. This indicates many essential in-
flammatory pathways and immune cell types are shared 
between zebrafish and mammals. This significant de-
gree of conservation is also observed in the innate im-
mune system. Zebrafish macrophages, neutrophils, and 
various inflammatory mediators and receptors are simi-
lar to those found in humans [19].

Zebrafish offer practical and mechanistic advantages 
for BPS studies. Zebrafish larvae are transparent, facili-
tating real-time imaging of leukocyte recruitment, bar-
rier damage, and tissue regeneration at single-cell reso-
lution with fluorescent reporter lines for neutrophils, 
macrophages, NF-κB activity, inflammasomes, and 
cytokines [20]. High reproductive rate, low cost, rapid 
development, and compatibility with microinjection or 
waterborne exposure make them a valuable model for 
studying both the mechanisms of inflammation and the 
effects of environmental toxicants like BPS. However, 
differences in immune response and susceptibility to 
specific inflammatory triggers exist due to evolutionary 

divergence, and certain aspects of adaptive immunity 
are less developed compared to mammals [19].

RODENT MODEL (MICE AND RATS)
Rodent models, primarily Mus musculus (mice) and 

Rattus norvegicus (rats), serve as the essential foundation 
for in vivo studies of BPS-induced inflammation due to 
the substantial similarities in the genomes of about 85% 
of the immune, endocrine, and metabolic systems with 
humans [21]. Both rats and mice allow regulated oral, 
inhalation, or parenteral exposure to BPS with precise 
doses and defined life stages, enabling investigation of 
acute and chronic low-dose effects on specific organs 
such as the gastrointestinal tract, liver, kidneys, lungs, 
brain, heart, and reproductive tissues.

Mice, is a widely used mammalian model for study-
ing inflammation caused by environmental toxicants. 
This advantage stems from their unique characteristics, 
small size, rapid reproductive rate, and extensive ge-
netic information readily available for research. Various 
knockout and transgenic lines, including NF-κB report-
ers, cytokine knockouts, AhR, PPARγ, and microbiota-
manipulated lines [22]. This enables the examination 
of particular BPS-sensitive inflammatory pathways 
within specific cells or organs. Common strains include 
C57BL/6, widely used in immunology and metabolism 
research; BALB/c, preferred for Th2-biased and allergy 
or asthma models; and outbred Swiss mice, typically 
used in general toxicology and reproductive studies 
[23]. These strains facilitate the alignment of the strain 
background with specific inflammatory phenotype un-
der investigation.

Rats provide larger organ dimensions and improved 
sampling capabilities for biochemical, histological, and 
haemodynamic endpoints, which are advantageous for 
evaluation of organ-level inflammatory injuries associ-
ated with BPS, such as effects on the liver, kidney, car-
diovascular system, and neuroinflammatory responses 
[24]. The Wistar and Sprague-Dawley rat strains pos-
sess comprehensive historical information on systemic 
inflammation, organ weights, and clinical chemistry, 
making them ideal for evaluating BPS-induced injuries 
in the liver, kidneys, and cardiovascular system.

COMPARATIVE RESULTS OF MODEL-
SPECIFIC PATTERNS AND MECHANISTIC 
CONVERGENCE 

The research articles listed in Table 1 and Table 2 of 
the matrix were published over the past five years, with 
some studies extending back a decade. This selection 
offers a broad perspective on the effects of BPS on in-
flammation across widely used vertebrate models, in-
cluding zebrafish and rodents. It highlights how each 
model contributes to a deeper understanding of BPS’s 
impact on inflammation at various developmental stag-
es and within different experimental contexts.

CONSERVED INFLAMMATORY 
MECHANISMS ACROSS MODELS

Across zebrafish and rodent models, BPS consistently 
activates an oxidative stress driven from the NF-κB axis 
with upregulated ROS and classical pro-inflammatory 
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Table 1
Matrix of rodent BPS-induced toxicity in inflammation

Author(s) Rodent 
species/
strain

Age/sex Dose 
exposure

Route Duration Organ/
System

Inflammatory 
pathway/
biomarker 
(findings)

Key 
inflammatory 
pathway

Remarks on biomarkers

[8] Mice 
C57BL/6

Male
(6-7 weeks)

0, 100, 
1000 µg/
kg bw/day

Daily oral 
gavage

3 months Colon/
intestine

↑macrophage 
(F4/80+), ↑TUNEL 
apoptosis, ↑IL‑18, 
↓Reg3b/Reg3g

NF-kB BPS caused crypt distortion, 
increased macrophage 
infiltration, apoptosis, pro-
inflammatory IL-8, and changes 
in barrier genes.

[17] Mice 
C57BL/6

Both
(12 weeks)

25 µg/kg/
day

Oral 
gavage in 
drinking 
water

12 weeks Heart ↑TNF-α, ↑IL-6, 
↑CD11c

NF-kB
PPARγ

BPS + high-fat diet increases 
cardiac pro-inflammatory 
cytokines, leading to 
chronic low-grade cardiac 
inflammation.

[26] Mice 
C57BL/6

Female
(6-7 weeks)

0, 0.05,  
5 mg/kg/
day

Daily oral 
gavage

4 weeks Colon ↑TNFα, ↑IL1β, 
↑IL6, ↓IL10, 
↑NFκB p65, ↓ZO1, 
↓Claudin1, gut 
dysbiosis

NF-kB BPS includes colonic 
injury with increased pro-
inflammatory cytokine gene 
expression.
NF-kB activation reduces anti-
inflammatory IL-10.

[29] Mice 
C57BL/6

Both
(12-24 
weeks)

25-30 µg/
kg/day

Oral 
gavage in 
drinking 
water

12 weeks Kidney ↑AhR, ↑NFκB, 
↑CD31, no change 
in IL6

NF-kB BPS increases NF-kB and AhR 
expression in renal tubules and 
CD31 in glomeruli.
NF-kB is linked to inflammatory 
signaling despite unchanged 
IL-6 levels.

[30] Rat Female 
pregnant

12 µg/kg/
day

Daily oral 
gavage in 
olive oil

3 weeks 
before 
GD 0

Brain ↑NF-κB, ↑p53, 
↓Bcl2, ↓NeuN, 
↓Ki67, ↑GFAP, 
↑βamyloid, ↓NO

NF-kB BPA exposure in the perinatal 
period activates NF-kB and 
p53, reducing anti-apoptotic 
proteins.
GFAP and β-amyloid produce 
striatal neuroinflammation

[31] ICR Mice Male adult
(6 weeks)

0, 5, 50, 
500 mg/
kg/day

Daily oral 
gavage

90 days Heart ↑P-NFκB (Pp65), 
↑ROS

NF-kB BPS induces oxidative stress.
Increased P-NF-kB and ROS 
indicate activation of NF-kB 
inflammatory signaling.

[34] Mice 
C3H/HeJ

Male
(6-11 
weeks)

0.04, 0.4,  
4 µg/kg/
day

Oral 
gavage in 
drinking 
water

6 weeks Lungs ↑IL-5, ↑IL-13, 
↑IL-33, ↑CCL11/
eotaxin, ↑OVA-IgE, 
↑OVA-IgG1

Indirect NF-kB
(Th2 cytokines 
mediated)

BPS + allergic asthma increase 
pulmonary inflammation, Th2 
cytokines/chemokines.

[35] Long-
Evant rat

Male
(21 days)

5 and  
20 mg/kg

Daily oral 
gavage in 
drinking 
water

14 days Liver ↓ROS, no changes 
in caspase-3, IL-1

NA No detectable pro-
inflammatory or pro-apoptotic 
liver response compare to 
control.

[36] Sprague 
Dawley 
rat

Male
(8 weeks)

0, 0.05,  
20 mg/kg

Daily oral 
gavage

4 weeks Intestine ↑pp38 and ↑pERK 
(MAPKs),

MAPK BPS damaged intestinal 
epithelium and increased 
inflammatory cytokines.
Activation of p38 and ERK 
MAPK leads to impaired sperm 
quality.

[37] Mice 
C57BL/6J

Pregnant 
female

1.5 mg/kg/
day

Oral 
gavage in 
drinking 
water

GD 0 - PND 
21

Colon NA Other
(intestinal 
immune)

BPS causes persistent intestinal 
inflammation in F1 and F2 
male gut.
F3 reduces gut inflammation.

[38] Mice 
C57BL/6J

Both
(8 weeks)

4 µg/kg/
day

Oral 
gavage by 
dams

GD 0 – 
PND 28

Spinal 
cord 
(CNS)

↑ inflammatory 
cell infiltration and 
glial activation in 
spinal cord

Other
(CNS neuro-
inflammation)

BPS shows neurodegeneration 
with milder inflammatory 
marker changes.

[39] Mice 
C3H/
HeN

Pregnant 
female

5 or 50 µg/
kg bw/day

Daily oral 
gavage

GD 15 – 
PND 21

Intestine ↑ fecal lipocalin Other
(Barrier-linked 
inflammation)

Perinatal BPS exposure alters 
intestinal immune function in 
offspring and increases fecal 
inflammatory lipocalin.
Low-grade inflammation.

[44] ICR Mice Female
(4 weeks)

1 mg/kg/
bw/day

Daily oral 
gavage in 
corn oil

4 weeks Gut and 
ovary

↑Lymphocyte 
infiltration, ↑IL-6,

Other
(microbiota-
intestinal 
inflammation)

BPS reshaped the gut 
microbiota, increased intestinal 
permeability, and altered the 
inflammatory, impairing oocyte 
quality.

[45] Mice 
C57BL/6J

Male
(8 weeks)

50 mg/kg/
day

Daily oral 
gavage

6 weeks Liver ↑IL1β, ↑TNFα, 
ALT, ↑AST; ↑MDA, 
↓SOD

PPARγ BPS caused lipid accumulation 
& elevated IL-1β and TNF-α, 
oxidative stress and histologic 
inflammatory cell infiltration.

BPS: bisphenol S; GD: gestational day; PND: postnatal day; NA: not available; ICR: Institute of Cancer Research; CNS: Central Nervous System; ROS: Reactive Oxygen 
Species; MDA: malondialdehyde.
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cytokines like TNF‑α, IL‑1β and IL‑6 across liver, intes-
tine, kidney, heart, brain, and immune tissues [25]. Fig-
ure 3 visually summarizes the conserved oxidative stress 
NF-κB axis and highlights model-specific organ mani-
festations in zebrafish and rodent studies. In C57BL/6 
mice, colonic exposure models and high-fat diet sensi-

tized cardiac models show increased TNF-α, IL-1β, and 
IL-6, alongside activation of NF-κB-p65 and barrier 
disruption, resulting in a pattern of low-grade chronic 
inflammation in the gut and heart [17, 26]. In zebrafish 
studies from Table 2, prolonged exposure of waterborne 
BPS results in increased expression of IL-1β and TNF-α 

Figure 3
Conserved and model-specific inflammatory responses to BPS. Oxidative stress activates NF‑κB with MAPK and NLRP3 branches, 
producing TNF‑α, IL‑1β, IL‑6, and IL‑18. Zebrafish (left): waterborne exposure causes hepatic, intestinal, and neural inflammation. 
Rodents (right): oral/perinatal exposure leads to gut, hepatic, cardiac, pulmonary, and neuroinflammatory outcomes.

Table 2
Matrix of zebrafish BPS-exposed toxicity in inflammation

Author(s) Fish 
species/
strain

Age/sex BPS dose 
exposure

Route Duration Organ/
System

Inflammatory 
pathway/
biomarker 
(findings)

Key 
inflammatory 
pathway

Remarks on 
biomarkers

[25] Zebrafish 
(Danio 
rerio)

Adult
(5 months)

1, 10, 100, 
1000 µg/L

water 
exposure

14 days Intestine ↑MDA, ↑8OHdG, 
↑IL1β, ↑TNFα

PPARγ BPS increased intestinal 
oxidative damage 
and pro-inflammatory 
cytokines.
Altered PPAR signalling 
and other metabolic 
pathways, and disrupted 
gut microbial.

[27] Zebrafish 
(Danio 
rerio)

Embryo 1, 10, 100 
mg/L

semi-
static 
exposure

3 hpf-120 dpf Liver ↑IL-1β, ↑TNFα, ↑NF-
κB, ↑IKK

NF-kB BPS exposure drove 
progression from steatosis 
to steatohepatitis.
Marked with IL-1β, 
TNF-α, and NF-κB 
indicates chronic hepatic 
inflammation driven by 
lipotoxicity.

[33] Zebrafish 
(Danio 
rerio)

Juvenile 
(2hpf-3dpf )

1, 10, 100 
µg/L

water 
exposure

2hpf-3dpf Brain ↑Microglia & 
macrophages, 
↑ROS, ↓SOD, ↓CAT, 
↑apoptotic cells, 
↑caspase8/9/3a/3b 
mRNA

Other
(lipid neuro-
inflammation)

BPS reduces brain lipid, 
increases microglial, 
increases oxidative 
stress, and causes 
neuroinflammatory/
apoptotic changes

[43] Zebrafish 
(Danio 
rerio)

Larvae 8.13 mg/L water 
exposure

4 hpf – 120 
hpf

Immune 
system

↑IL-6, ↑TNF-α, 
activation of IKBKB

NF-kB BPS enhances 
inflammation via IKBKB 
and modulates Ptgs2a 
(COX-2), Nos2a, and 
antioxidant genes.

BPS: bisphenol S; Hpf: hour after fertilisation; dpf: day after fertilisation.
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as well as NF-κB and IKK, thereby promoting the pro-
gression from steatosis to steatohepatitis [27]. Compa-
rable responses associated with NF-κB signaling have 
been documented in zebrafish models of immunity and 
intestinal function, demonstrating that BPS promotes 
intestinal injury or neuroinflammation. Rodent model 
studied by the [28-31] reveal a consistent pattern involv-
ing the colon, heart, kidneys, and liver show elevated lev-
els of TNF-α, IL-1β, and IL-6, along with nuclear NF-κB 
or phospho-p65 and an indicator of oxidative damage, 
ROS, MDA, and SOD/CAT activity, which reduces an-
tioxidant enzyme activity. This suggests a conserved rela-
tionship between redox imbalance and NF-κB-mediated 
cytokine production across both species. 

Chronic or developmental exposure to low-to-mod-
erate doses of BPS more consistently induces inflam-
matory phenotypes compared to rapid high-dose expo-
sure. Research involving zebrafish and the application 
of semi-static waterborne protocols from early devel-
opmental phases to the juvenile or adult stage (30-120 
days) reveals a significant oocyte-dependent activation 
of IL-1β, TNF-α, and NF-κB. This activation has been 
linked with notable histological steatohepatitis and im-
mune-organ injury [25, 32, 33]. Meanwhile, in rodent 
studies, the administration of several µg–mg/kg/day 
through drinking or feeding for 4-12 weeks consistently 
results in elevated levels of cytokines in tissues, activa-
tion of the NF-κB signaling pathway, and histological 
evidence of inflammation in various organs including 
the colon [26], liver [20], kidneys [29], lungs [34], and 
heart [17]. Conversely, shorter rat studies (14-28 days) 
yield more inconsistent results, with some indicating 
oxidative alterations but exhibiting limited classical in-
flammatory markers [35, 36] Furthermore, perinatal 
exposure to BPS via dams has a high potential to induce 
latent or sex-dependent inflammatory responses in the 
intestines and Central Nervous System (CNS) of adult 
offspring [37-39].

Cross-species evidence suggests that BPS induces 
oxidative stress by increasing ROS and MDA levels and 
decreasing antioxidant enzyme activity, thereby activat-
ing the NF-κB pathway. In some models, interact with 
PPARγ, AhR, or other metabolic/xenobiotic pathways 
to drive organ-specific inflammatory response [25, 29, 
32, 40]. Although affected organs may differ between 
models, for example, zebrafish are primarily in the liver, 
intestine, and brain, whereas rodents are primarily in 
the gut, liver, kidney, lung, heart, and central nervous 
system. The current combination of ROS upregulation, 
NF-κB activation, and pro-inflammatory cytokine up-
regulation is a common inflammatory mechanism of 
BPS toxicity seen in rodent and zebrafish studies.

Across zebrafish and rodent studies, the exposure 
route influences the inflammatory outcomes observed 
in each model. Although there is currently no infor-
mation on internal BPS concentrations, zebrafish are 
frequently immersed in water from embryogenesis, 
resulting in whole body absorption and simultaneous 
exposure to the liver, gut, and brain [41]. Meanwhile, 
rodent studies employ BPS doses between mg/kg/day 
over several weeks to months through oral administra-
tion, similarly mimicking possible BPS exposure in the 

daily human lifestyle when drinking water or food [42]. 
These methodologies more accurately replicate human 
consumption and allow for organ-specific exposure 
scenarios such as increased cardiac, hepatic, or renal 
inflammation caused by chronic BPS exposure and life-
style. The perinatal mouse and rat models add compli-
cations because the subject mother is exposed to BPS 
during pregnancy and lactation. The offspring are indi-
rectly exposed to BPS doses through the placenta and 
milk, which is important for programming effects but 
complicates precise dose-response interpretation.

MODEL-SPECIFIC INFLAMMATORY 
RESPONSES

Zebrafish research focusses on early developmental 
and organ-specific innate inflammation, making use 
of transparent larvae and whole organism exposure. 
Chronic waterborne BPS exposure in zebrafish leads to 
hepatic IL-1β/TNF-α upregulation, NF-κB or PPARγ 
involvement, acute protein induction, and intestinal 
oxidative injury under standardised exposure and ge-
netic background [25]. Further research on the brain 
reveals that environmental BPS reduces key phospho-
lipids (PC, LPC) and causes microglial aggregation, 
ROS, and neural apoptosis. This suggests that BPS 
causes inflammation through lipid changes, which pro-
vides greater clarity in zebrafish than traditional mod-
els. Research on transgenic zebrafish shows that BPS 
induces macrophages and neutrophils and elevates 
ROS and malondialdehyde (MDA), indicating innate 
immunotoxicity and mixture effects at the LC50-based 
concentration [43]. 

Rodent studies, on the other hand, show more com-
plex inflammatory responses involving multiple organs 
and potentially influenced by external factors such as 
sex and diet. For instance, chronic oral BPS adminis-
tration in the gastrointestinal tract alters the gut mi-
crobiota, which can cause colitis-like manifestations, 
including crypt distortion, macrophage accumulation, 
epithelial apoptosis, and increased IL-18, suggesting 
that the microbiota influences the response to BPS-
induced inflammation [28, 44]. Perinatal BPS exposure 
induces sex-specific intestinal/metabolic inflammation 
in F1-F3 offspring [37, 38]. Additionally, perinatal ex-
posure in the Experimental Autoimmune Encephalo-
myelitis (EAE) model of multiple sclerosis appears to 
accelerate disease onset and worsen neurodegeneration 
in adult males [38]. Administration of low-dose BPS in 
conjunction with a high-fat diet leads to cardiac hyper-
trophy, fibrosis, and upregulation of TNF-α, IL-1β, and 
IL-6 in the left ventricle [17] . In obese mice, AhR and 
NF-κB are activated within renal tubules and glomeruli, 
resulting in the upregulation of CD31 and subsequent 
structural damage to the kidney. This is frequently ac-
companied by relatively minor changes in classical cy-
tokines [29]. Variations in rodent observation signifi-
cantly reflect the differences in strain, sex, nutrition, 
co-exposure, and developmental stage, in contrast to 
the more uniform inflammatory responses reported in 
standard zebrafish larval and juvenile.

In addition to differences in exposure route, the bio-
marker panels used across studies also vary between 
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models. Zebrafish studies often use nominal water 
concentration exposure and heavily rely on mRNA 
profiles of IL-1β, TNF-α, IL-6, NF-κB, and PPARγ-
associated genes, oxidative stress indicators, including 
ROS, MDA, and antioxidant enzymes, acute-phase 
proteins, and immune cell or microglia images [25]. 
Rodent studies typically use dosages ranging from µg 
to mg/kg/day, including tissue and serum cytokines, 
immune cell markers, histopathological evaluations, 
functional outcomes, and protein pathways like NF-
κB, AhR, P-NF-κB, or tight junction components. A 
study conducted by Liu et al. [35] on Long Evans rat 
hepatocellular shows that minimal and brief exposure 
to BPS can reduce ROS levels without increasing in-
flammatory markers. This demonstrates how time 
and exposure degree have a significant impact on the 
biomarker profile. These methodological differences 
highlight the need for more standardised internal dose 
measurement and a minimal overlapping panel of cy-
tokines and pathway markers to improve quantitative 
cross-model synthesis.

KNOWLEDGE GAPS AND UNDEREXPLORED 
AREAS

Despite strong evidence supporting the involvement 
of oxidative stress and NF-κB pathways, several inflam-
matory mechanisms in BPS toxicology remain poorly 
understood. The activation of the NLRP3 inflamma-
some, detailed TLR4 signalling, and Nrf2/AhR cross-
talk have been investigated in a small number of rodent 
studies, specifically in kidney, liver, and reproductive 
contexts. However, these mechanisms are still sig-
nificantly underexplored in zebrafish and extrahepatic 
tissues [29, 36]. The role of PPARγ mediated meta-
inflammation has been relatively described in hepatic 
endpoints within both zebrafish and rodent models [32, 
45]. However, its implications in cardiovascular, renal, 
and CNS models remain 6, limiting researchers’ abil-
ity to understand the specific contributions of various 
pathways in different organs. Zhu et al. [36] document-
ed the involvement of MAPK cascades p38 and ERK 
in testicular inflammation in rats exposed to BPS, but 
no systematic evaluation was conducted in other rodent 
organs or fish inflammatory responses.

Limited research has systematically compared males 
and females within identical frameworks, but available 
evidence suggests a sex-dependent effect. For example, 
perinatal exposure to BPS causes more intestinal in-
flammation in F1-F2 males than females across genera-
tions [37], enhance CNS autoimmune damage in male 
but not female EAE offspring [38], and show different 
fecal lipocalin and immune skewing patterns between 
sexes in perinatal immune studies [39]. This study looks 
into the effects of real-world BPS exposure scenarios, 
such as low-dose BPS combined with other toxicants, 
an unhealthy diet or lifestyle, and long-term environ-
mental exposure. Wang et al. [25] and Su et al. [43] 
found that BPS exposure with a high-fat diet causes ad-
ditive immunotoxicity and synergistic oxidative stress in 
zebrafish larvae, as well as NF-κB-mediated neuroin-
flammation in the rat brain [30]. However, the majority 
of rodent studies evaluate BPS in isolation, leaving sig-

nificant uncertainty about the relevance of experimen-
tal findings to chronic, multi-pollutant human exposure 
scenarios. Similarly, Brulport et al. [37] and Bonaldo et 
al. [38] have documented a transgenerational inflam-
matory program following perinatal BPS in the mouse 
intestine and CNS, respectively, whereas the epigenetic 
mechanisms of microbiota inheritance and the persis-
tence of inflammatory phenotypes beyond F2 are poor-
ly understood.

CONCLUSION 
This review demonstrates that bisphenol S-induced 

inflammation operates through a conserved oxidative 
stress-NF-κB axis across evolutionarily divergent ani-
mal models. The organ-specific inflammatory manifes-
tations reflect differences in anatomical complexity and 
immune architecture between fish and mammals. The 
complementary strengths of zebrafish and rodent sys-
tems, namely transparency and mechanistic clarity in 
fish versus systemic integration and adaptive immunity 
in rodents, provide powerful tools for understanding 
how chronic BPS exposure disrupts inflammatory ho-
meostasis. Evidence suggests that low-dose, persistent 
environmental exposure to BPS can activate inflam-
matory signalling pathways, disrupt epithelial barriers, 
alter gut microbiota, and cause transgenerational im-
mune dysfunction, implicating BPS in the pathogenesis 
of chronic inflammatory diseases. However, the current 
evidence base is limited by incomplete mechanistic cov-
erage, insufficient standardization of exposure design 
and biomarker reporting, and a lack of consistent sex-
specific and life-stage-specific analyses, which reduces 
cross-study comparability and translational confidence. 
In particular, pathways such as NLRP3 inflamma-
some activation, TLR4 signaling, Nrf2/AhR crosstalk, 
and PPARγ-mediated inflammatory regulation remain 
underexplored in a comparative framework. Future re-
search should therefore prioritize standardized internal 
dose assessment, harmonized biomarker panels across 
models, and systematic inclusion of both sexes and 
multiple developmental windows. In addition, studies 
investigating combined exposures, dietary or metabolic 
co-stressors, epigenetic regulation, microbiota-mediat-
ed effects, and transgenerational outcomes are needed 
to better reflect real-world exposure scenarios. Such 
efforts will strengthen the mechanistic interpretation 
of BPS immunotoxicity and improve its relevance for 
human health risk assessment and regulatory decision-
making.
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Abstract 
Introduction and aim. To evaluate whether a risk-stratified colorectal cancer (CRC) 
screening approach based on a single faecal immunochemical test (FIT) performed bet-
ter than one using two consecutive tests. 
Methods. Approximately 420,000 negative FIT results (positivity cut-off: 20 µg fae-
cal haemoglobin, f-Hb/g) were collected between 2000 and 2015 within the Florence 
screening program.
Results. The 3-year CRC risk was 15.9‰ in individuals with 15-20 µg/g on a single test, 
and 9.36‰ for those with a cumulative f-Hb concentration of 20-40 µg/g across two 
tests. 
Discussion. The two-tests approach showed lower discriminatory capacity in identify-
ing the highest-risk subgroup compared to a single test. Screenees with 15-20 µg/g ac-
counted for <1%, but faced a significantly increased 3-year CRC risk. 
Conclusion. While increasing screening intensity would require more colonoscopies, 
extending the screening interval for individuals <60 years with undetectable f-Hb, could 
allow for the reallocation of colonoscopy resources. 

INTRODUCTION
Colorectal cancer (CRC) is the second most leading 

cause of cancer-related mortality worldwide, account-
ing for approximately 900,000 deaths in 2022 [1]. Pop-
ulation-based CRC screening programs using faecal 
immunochemical tests (FIT) significantly reduce both 
CRC incidence and mortality and are now widely im-
plemented across Europe [2]. In Italy, as in many other 
European countries, the positivity cut-off is set at 20 µg 
of faecal haemoglobin per gram of faeces (µg f-Hb/g). 
Current screening programmes follow similar proto-
cols: f-Hb concentrations at or above the established 
threshold are considered positive and warrant a referral 
for total colonoscopy (TC). Conversely, concentrations 
below the cut-off are classified as negative, with indi-
viduals re-screened every two years in most European 
countries, or annually in the United States and a few 
other regions [2].

Accumulating evidence indicates that individuals 
with a negative FIT but an f-Hb value just below the 
threshold exhibit increased CRC detection rates in 
subsequent rounds, and a higher probability of devel-

oping interval cancers (ICs) compared to those with no 
detectable f-Hb [3-10]. These studies pursued varied 
objectives, such as estimating IC risk following a nega-
tive FIT in single or consecutive screening rounds [4, 7, 
10], developing risk-scoring models that integrate f-Hb 
concentrations from a single FIT with other CRC risk 
factors [8], or evaluating the predictive value of the first 
two consecutive FIT rounds [3, 9]. Furthermore, cross-
study comparisons remain challenging due to substan-
tial heterogeneity in f-Hb stratification and positivity 
threshold: for instance, the cut-off was set at ≥47 µg/g 
in the Netherlands [7, 9], ≥20 µg/g in Denmark and 
Italy [3, 10], and ≥80 µg/g in Scotland [8]. To address 
this, a recent systematic review and dose-response me-
ta-analysis synthesized these data, demonstrating that 
individuals with sub-threshold f-Hb concentrations of 
5, 10, and 15 µg/g had a 4-, 6-, and 8-fold higher risk of 
CRC, respectively, at the subsequent screening round 
compared to individuals with undetectable f-Hb [11].  

These findings suggest that risk-stratified screening 
strategies – tailoring protocols to individual risk levels 
– could enhance detection rates, optimize the benefit-
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to-harm ratio, and improve the efficiency of endoscopy 
resource allocation. Conversely, implementing risk-
based screening introduces significant organizational 
challenges and requires robust information technology 
and communication frameworks. The 2022 Council of 
the European Union Recommendation affirmed that 
quantitative FIT is the preferred tool for colonoscopy 
referral and endorsed its use in risk-tailored strategies, 
suggesting the introduction of thresholds tailored to 
sex, age and previous screening history [12].

However, the optimal strategy for designing such a 
risk-based approach remains poorly defined. Specifi-
cally, it is unclear whether a single FIT performs bet-
ter than two consecutive tests in assessing subsequent 
CRC risk. Notably, a single-test strategy offers substan-
tial organizational advantages, given that screening ad-
herence fluctuates and many individuals do not consis-
tently participate in every consecutive round.

The objective of this study is to evaluate, within a ret-
rospective cohort from the ongoing FIT-based screen-
ing program (20 µg/g cut-off) in the province of Flor-
ence, Italy, whether a risk-stratification approach based 
on a single FIT outperforms one based on two consecu-
tive tests in discriminating the cumulative three-year 
CRC risk. Discriminatory capacity will be assessed by 
the ability to differentiate – relative to the average risk 
of all FIT-negative subjects – a higher-risk subgroup, 
that warrants a more intensive protocol from lower-risk 
subgroup eligible for a de-escalated screening interval.

MATERIALS AND METHODS
Screening program and study population

The Florence district provides a population-based, 
biennial colorectal cancer (CRC) screening program 
using faecal immunochemical test (FIT) for individuals 
aged 50-70.  Established in the 1980s, the program uti-
lized the OC-Hemodia (Eiken) method from 2000 to 
2003, transitioning to the OC-Sensor (Eiken) method 
in 2004. The positivity threshold is set at 20 µg/g of 
faeces (equivalent to 100 ng/ml). Negative FIT results 
are mailed to participants with a recommendation to 
repeat the test in two years, with no mention of their 
specific f-Hb concentration. Individuals with a posi-
tive FIT are contacted by screening staff and offered a 
total colonoscopy (TC) at dedicated endoscopy refer-
ence centres. All screening services are free of charge 
and funded by the Regional Health System Program 
performance is routinely monitored using standard 
quality indicators [13]; target population participation 
rates fluctuated between 48.0% and 57.0% during the 
2000-2015 study period [14-16]. This analysis was con-
ducted as part of the routine monitoring of program 
performance. The study protocol was approved by the 
local Ethics Committee of Florence area (Comitato 
Etico Regionale per la Sperimentazione Clinica della 
Regione Toscana, Sezione Area Vasta Centro; refer-
ence number: 23723_oss). 

We evaluated all negative FIT (index FIT) obtained 
between January 1, 2000 and December 31, 2015, from 
individuals aged 50-65 years, for each negative FIT, 
data on f-Hb level, sex, and age were retrieved. Link-
age with the screening database allowed classification 

of each test as either a first or subsequent screening 
round. To compare the 3-year cumulative CRC risk 
based on a single negative FIT with the predictive value 
of cumulative f-Hb levels across two consecutive tests, 
we selected a subset of index FITs that had a preced-
ing test recorded 18 to 60 months prior. Following the 
categories proposed by Senore et al. [3], f-Hb concen-
trations for a single FIT were stratified into five groups: 
0 µg/g or undetectable f-Hb; 0-4 µg/g (≤4 µg/g); 4-10 
µg/g (from 4.1 to 9.9 µg/g); 10-15 µg/g (from 10 to 14.9 
µg/g); and 15-20 µg/g (from 15 to 19.9 µg/g). Cumula-
tive f-Hb concentrations across two consecutive FITs 
were stratified into six groups: 0 µg/g; 0-4 µg/g; 4-10 
µg/g; 10-15 µg/g; 15-20 µg/g; and 20-40 µg/g (from 20 
to 39.9 µg/g).

Outcome assessment and data linkage
CRC incidence was tracked via linkage with the re-

gional cancer registry, which was updated through De-
cember 31, 2020. Adenocarcinomas of the colon and 
rectum (ICD-10 codes C18, C19 and C20) [17] diag-
nosed within 3 years of a negative FIT were included. 
Disease stage was determined using histology reports 
or clinical records according to the 7th edition of the 
TNM classification [18], with Stages III and IV classi-
fied as advanced CRC.

CRCs were categorized into: (i) screen-detected 
(SD) CRCs: cancers diagnosed within 6 months of a 
positive FIT (including individuals who underwent a TC 
and non-compliant participants who refused the screen-
ing TC); (ii) interval cancers (ICs): CRCs diagnosed 
between 6 and 36 months following a negative FIT. 
Cancers diagnosed more than 6 months after a posi-
tive FIT underwent individual clinical review to ensure 
accurate classification as either an SD CRC or an IC.

Statistical analysis
The statistical unit of analysis was the individual test, 

and differences in proportions were evaluated using the 
Chi-square test. Person-time was calculated from the 
date of the index negative FIT to the earliest of the fol-
lowing events:  a subsequent negative FIT, a CRC diag-
nosis, or the end of the 3-year follow-up period. Con-
sequently, a subject diagnosed with CRC following a 
subsequent positive FIT exited the cohort at the time of 
diagnosis, whereas a subject with a subsequent positive 
FIT but no CRC diagnosis remained under observation 
for the full 3 years.

The association between f-Hb concentration levels 
and the risk of total or advanced CRC was estimated 
using multivariate Cox regression models, adjusted for 
age-group (50-54, 55-59, 60-65 years), sex, and screen-
ing history (first vs subsequent test). All statistical tests 
were two-sided, with significance defined as p<0.05.

RESULTS
From January 2000 to December 2015, 419,822 

negative FIT results were obtained from 168,437 in-
dividuals aged 50-65 years within the Florence CRC 
screening program (average 2.5 FITs per person). First 
examinations accounted for 39.8% of the tests, while 
60.2% were subsequent screenings. Faecal haemoglo-
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bin (f-Hb) was undetectable (0 µg/g) in 48.9% of the 
negative FITs, and exceeded 15 µg/g in only 0.9%. In-
dividuals with higher f-Hb levels were predominantly 
male and older (Table S1 available online as Supplemen-
tary Material).

During the 3-year follow-up period after a negative 
FIT, 554 CRCs were diagnosed, corresponding to an 
overall risk of 1.32‰ (95% CI: 1.21‰-1.43‰). Of 
these, 53.8% (n=298) were diagnosed at an early stage 
(stages I-II), 38.1% (n=211) at an advanced stage (stag-
es III-IV), and 8.1% (n=45) had an unknown stage (Ta-
ble 1a). Tumour stage distribution did not significantly 
differ across f-Hb categories (p=0.950). Under the sin-
gle-test strategy, the 3-year CRC risk increased progres-
sively from 0.65‰ among individuals with undetectable 

f-Hb, to 15.9‰ among those with f-Hb level of 15-20 
µg/g. After adjusting for age group, sex, and screening 
history, the hazard of a CRC diagnosis ranged from 
60% higher in the <4 µg/g group (adjusted Hazard Ra-
tio – aHR: 1.61; 95% CI: 1.29-2.02), to 21-fold higher 
in the 15-20 µg/g group (aHR: 21.00; 95% CI: 15.35-
28.74) compared to the undetectable f-Hb reference 
group. Advanced CRC risk followed an identical trend; 
notably, 10.4% of advanced cancers (22/211) were di-
agnosed within 3 years among the 0.9% of individuals 
(3,595/419,822) in the highest sub-threshold f-Hb tier 
(Table 1a; Figure 1a).

A subset of 241,243 negative FITs (57.5%) had a 
preceding test recorded within an 18-60 month inter-
val. In this cohort, 318 CRCs were diagnosed within 

Table 1
Crude three-years risk (‰) of CRC and advanced CRC by f-Hb at a single FIT (a) and by cumulative f-Hb at two consecutive FIT (b) 
and adjusted hazard ratios (aHR)

a) CRC Advanced CRC

f-Hb 
(µg/g)

N N aHR* N aHR*

FIT (%) ‰ (95% CI) ‰ (95% CI)

0 205,365 134 ref 52 ref

(48.9%) 0.65‰ 0.25‰

(0-4) 172,312 180 1.61 67 1.52

(41.0%) 1.04‰ (1.29-2.02) 0.39‰ (1.06-2.19)

[4-10) 31,648 125 5.76 46 5.42

(7.5%) 3.95‰ (4.51-7.37) 1.45‰ (3.64-8.09)

[10-15) 6,902 58 11.47 24 12.26

(1.6%) 8.40‰ (8.41-15.65) 3.48‰ (7.52-20.00)

[15-20) 3,595 57 21.00 22 20.91

(0.9%) 15.9‰ (15.35-28.74) 6.12‰ (12.66-34.55)

Total 419,822 554 - 211 -

(100%) 1.32‰ 0.50‰

b) CRC Advanced CRC

Cumulative  
f-Hb (µg/g)

N N aHR** N aHR**

FIT (%) ‰ (95% CI) ‰ (95% CI)

0 73,203 43 ref 14 ref

(30.3%) 0.59‰ 0.19‰

(0-4) 119,685 96 1.35 42 1.82

(49.6%) 0.80‰ (0.94-1.94) 0.35‰ (0.99-3.34)

[4-10) 35,250 82 3.84 27 3.91

(14.6%) 2.33‰ (2.65-5.58) 0.77‰ (2.04-7.51)

[10-15) 7,497 47 9.97 19 12.42

(3.1%) 6.27‰ (6.60-15.08) 2.53‰ (6.24-24.71)

[15-20) 4,113 36 13.70 15 17.55

(1.7%) 8.75‰ (8.79-21.34) 3.65‰ (8.47-36.38)

[20-40) 1,496 14 13.57 6 17.91

(0.6%) 9.36‰ (7.39-24.91) 4.01‰ (6.84-46.86)

Total 241,243 318 - 123 -

(100%) 1.32‰   0.51‰

*Adjusted for sex, age and previous screening test; **Adjusted for sex and age; CRC: colorectal cancer; FIT: faecal immunochemical test; f-Hb: faecal haemoglobin; 
CI: confidence interval.
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3 years, yielding an overall risk of 1.32‰ (95% CI: 
1.18‰-1.47‰). Early-stage tumours comprised 52.8% 
(n=168) of cases, advanced-stage tumours accounted 
for 38.7% (n=123), and 8.5% (n=27) were of unknown 
stage, with no significant differences across f-Hb cat-
egories (p=0.278) (data not shown). The 3-year CRC 
risk using the two-test cumulative f-Hb modality ranged 
from 0.59‰ to 9.36‰ (Table 1b). The 3-year CRC 
risk was significantly higher in the ≥15 µg/g category 
of the single-test approach than in the ≥20 µg/g cat-
egory of the two-test approach – 15.9‰ (57/3,595) vs 
9.36‰ (14/1,496), p<0.001. Furthermore, the single-
test approach identified a significantly higher percent-
age of high-risk individuals than the two-test modal-
ity – 0.86% (3,595/419,822) vs 0.62% (1,496/241,243), 
p=0.001. Conversely, both methods demonstrated 
comparable performance in identifying the lowest-risk 
group (0.65 for single FIT vs 0.59% for two consecu-
tive tests, ‰ p=0.549). For the two-test strategy, the 
adjusted hazard of CRC ranged from a non-significant 
35% increase for f-Hb <4 µg/g (aHR:1.35; 95% CI: 
0.94-1.94), to 14-fold increase for cumulative levels 
of 20-40 µg/g (aHR: 13.60; 95% CI: 7.40-24.91). Ad-
vanced CRC risk mirrored these trends, with 4.9% of 
advanced cancers (6/123) occurring within the 0.6% of 

tests representing the highest cumulative tier (Table 1b; 
Figure 1b).

Table 2 presents the multivariate aHRs for f-Hb lev-
els of the index and previous FITs, sex, and age-group 
within the two-test subset (n=241,243). The index 
(most recent) FIT f-Hb categories carried the strongest 
predictive weight, with the aHR escalating from 1.69 to 
18.65 relative to the reference group. In contrast, f-Hb 
levels from the previous screening round significantly 
increased risk only above 4 µg/g, exhibiting a plateau 
thereafter; the aHR for the highest previous f-Hb level 
did not reach statistical significance (aHR: 1.91; 95% 
CI: 0.83-4.38). Females demonstrated a non-signifi-
cantly lower risk than males, while risk increased pro-
gressively with age.

For the single FIT approach (Table 3a), 191 interval 
cancers (ICs) were diagnosed within 24 months of a 
negative test (0.45‰; 95% CI: 0.39‰-0.52‰). The risk 
gradient across f-Hb categories was more pronounced 
than for overall 3-year incidence: individuals in the >15 
µg/g class exhibited an approximate 30-fold higher risk 
than those with undetectable f-Hb (aHR: 29.49; 95% 
CI: 17.41-49.96; data not shown). Between 24 and 36 
months, 53 ICs were diagnosed (0.13‰; 95% CI: 0.10‰-
0.17‰), showing an attenuated risk gradient (aHR for 

Figure 1 
Crude 3-year risk (95% CI) of CRC by f-Hb concentration at a 
single or a two consecutive FIT.
CRC: colorectal cancer; f-Hb: faecal haemoglobin; FIT: faecal 
immunochemical test.

Table 2
Predictors of the 3-years CRC and advanced CRC risk 
(n=241,243)

CRC Advanced CRC

Predictors aHR 95% CI aHR 95% CI

f-Hb (µg/g) 
at the 
index FIT

0 ref ref

(0-4) 1.69 1.26-2.27 1.66 1.03-2.68

[4-10) 5.22 3.73-7.32 4.22 2.38-7.50

[10-15) 9.64 6.18-15.03 12.07 6.14-23.74

[15-20) 18.65 12.03-28.91 22.21 11.37-43.39

f-Hb (µg/g) 
at the 
previous 
FIT

0 ref ref

(0-4) 1.18 0.92-1.51 1.26 0.84-1.88

[4-10) 2.14 1.52-3.02 2.06 1.17-3.65

[10-15) 2.43 1.39-4.25 1.30 0.41-4.13

[15-20) 1.91 0.83-4.38 2.38 0.72-7.89

Sex

M ref ref

F 0.80 0.64-1.00 0.74 0.51-1.05

Age class

50-54 ref ref

55-59 0.95 0.65-1.41 1.02 0.56-1.88

60-65 1.46 1.00-2.12 1.53 0.84-2.77

CRC: colorectal cancer; aHR: adjusted hazard ratios; f-Hb: faecal haemoglobin; 
FIT: faecal immunochemical test; CI: confidence interval.
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>15 µg/g: 12.13; 95% CI: 4.06-36.30). Within 3 years of 
the index test, 82.2% of individuals (345,176/419,822) 
underwent a subsequent FIT yielding an overall positiv-
ity rate of 3.3% (Table 3a). The subsequent positivity rate 
scaled from 2.3% for individuals with undetectable index 
f-Hb to 15.8% for those exceeding 15 µg/g. 

Under the two-test strategy (Table 3b), 117 ICs were 
diagnosed within 24 months (0.49‰), displaying a 
steeper risk gradient than the overall cohort (aHR for 
≥15 µg/g: 22.48; 95% CI: 8.38-60.32; data not shown). 
An additional 21 ICs were diagnosed between 24 and 
36 months (0.09‰), with a risk gradient mirroring the 
overall incidence. Within 3 years, 88.6% of participants 

(213,733/241,243) completed a subsequent FIT, with 
an overall positivity rate of 3.3% (Table 3b); subsequent 
round positivity ranged from 2.0% (undetectable cumu-
lative f-Hb) to 19.5% (cumulative f-Hb ≥15 µg/g). 

When stratified by age using a single FIT, all age co-
horts with an f-Hb ≥15 µg/g experienced a 3-year risk 
exceeding 10‰, whereas all age groups with   undetect-
able f-Hb maintained a risk below 1‰. Furthermore, 
the 50-54 and 55-59 age groups retained a risk profile 
below 1‰ if their f-Hb was <4 µg/g (Table S2a available 
online as Supplementary Material). Conversely, using the 
two-test cumulative approach, no age group within the 
cumulative >15-20 µg/g tier exceeded a 3-year risk of 

Table 3
Interval cancers and screen-detected (SD) cancers at subsequent round (within 36 months after the index FIT) by f-Hb level at a 
single FIT (a) and by cumulative f-Hb at two consecutive FIT (b)

a) Interval cancers Next screening round

0-24 months 24-36 months Subsequent FIT SD cancer^

f-Hb 
(µg/g)

N N N N N

‰ ‰ (% FIT+) ‰

0 205,365 39 16 169,654 79

0.19‰ 0.08‰ (2.3%) 0.47‰

(0-4) 172,312 52 18 141,708 110

0.30‰ 0.10‰ (3.3%) 0.78‰

[4-10) 31,648 51 14 25,566 60

1.61‰ 0.44‰ (7.1%) 2.35‰

[10-15) 6,902 27 1 5,405 30

3.91‰ 0.14‰ (11.6%) 5.55‰

[15-20) 3,595 22 4 2,843 31

6.12‰ 1.11‰ (15.8%) 10.9‰

Total 419,822 191 53 345,176 310

0.45‰ 0.13‰ (3.3%) 0.90‰

b)

f-Hb 
(µg/g)

N N N N N

‰ ‰ (% FIT+) ‰

0 73,203 12 3 65,675 28

0.16‰ 0.04‰ (2.0%) 0.43‰

(0-4) 119,684 30 7 105,883 59

0.25‰ 0.06‰ (2.7%) 0.56‰

[4-10) 35,250 31 6 30,901 45

0.88‰ 0.17‰ (5.0%) 1.46‰

[10-15) 7,497 22 1 6,472 24

2.93‰ 0.13‰ (8.9%) 3.71‰

[15-20) 4,113 16 3 3,540 17

3.89‰ 0.73‰ (10.7%) 4.80‰

[20-40) 1,496 6 1 1,263 7

4.01‰ 0.67‰ (19.5%) 5.54‰

Total 241,243 117 21 213,733 180

0.49‰ 0.09‰ (3,3%) 0.84 ‰

^Two cancers diagnosed respectively 10 and 12 months after a FIT positive test, were considered to be screen-detected after evaluation of their screening history. 
f-Hb: faecal haemoglobin; FIT: faecal immunochemical test.
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10‰, while all age cohorts with cumulative f-Hb lev-
els <4 µg/g remained below 1‰. The 50-54 and 55-59 
age cohorts consistently demonstrated the lowest risks, 
except within the highest f-Hb tier (Table S2b available 
online as Supplementary Material).

DISCUSSION
Quantitative faecal haemoglobin (f-Hb) levels in indi-

viduals with negative faecal immunochemical test (FIT) 
results strongly correlate with the subsequent risk of 
colorectal cancer (CRC) diagnosis [2-11]. Our findings 
confirm that among screening participants with a nega-
tive FIT, those with sub-threshold f-Hb levels exceeding 
15 µg/g on a single test, 20 µg/g across two consecutive 
tests, represent less than 1% of the population yet face 
a substantially elevated risk of CRC within three years. 
These results support the implementation of risk-strati-
fied screening strategies [3-5, 19], such as: (i) extending 
screening intervals for individuals with consistently un-
detectable f-Hb (0 μg/g), given that CRC yield remains 
stable at 2- vs 3-year intervals, (ii) intensifying screening 
(i.e., shortening intervals to 6-12 months or directly re-
ferring to total colonoscopy – TC) for individuals in the 
highest sub-threshold f-Hb tiers. The resulting increase 
in endoscopy TC demand could be balanced across 
subsequent rounds by extending intervals for the low-
risk cohort, potentially optimizing resource allocation 
and reducing interval cancer rates. 

The primary novelty of this study lies in determining 
the optimal approach for identifying elevated f-Hb val-
ues among FIT-negative individuals, specifically com-
paring a single-test strategy against a two-test cumula-
tive approach. Our data indicate that a single test offers 
superior predictive ability and discriminatory capacity 
for identifying the highest-risk subgroup compared to 
two consecutive tests (3-year risk: 15.9% vs 9.36%), 
while maintaining comparable accuracy for the lowest-
risk subgroup (0.65‰ vs 0.59‰). Furthermore, the 
single-test modality identified a larger absolute number 
of high-risk individuals (3,595 vs 1,496), whereas f-Hb 
levels from the preceding screening round did not add 
robust predictive value. Relying on a single test also 
provides significant organizational advantages. In the 
Florentine cohort, approximately 20% of individuals 
who completed an initial test defaulted from the sub-
sequent round. Capturing these individuals is clinically 
vital, as those with a first sub-threshold f-Hb ≥15 µg/g, 
were more likely to present with either an interval can-
cer or a screen-detected CRC in the following round.

Intensifying screening for individuals with f-Hb levels 
between 15 and 20 µg/g inevitably demands additional 
endoscopy capacity. In our screening program, recom-
mending immediate TC for all individuals with an f-Hb 
≥15 µg/g on any FIT would increase the baseline posi-
tivity rate from 5.0% to 5.9%. However, because roughly 
20% of these individuals went on to test positive within 
the subsequent five years anyway, this initial increase 
in TC volume would balance out over a 5-year period. 
Endoscopic resources could be further reclaimed by ex-
tending the screening interval (e.g., to 2.5 years) for in-
dividuals under 60 years of age with undetectable f-Hb 
levels. Prior literature confirms that lowering the FIT 

positivity threshold increases sensitivity for advanced 
adenomas in population-based screenings at the ex-
pense of specificity, ultimately reducing CRC incidence 
in subsequent rounds [20-22]. Moreover, baseline sub-
threshold f-Hb concentrations have been strongly tied 
to long-term CRC risk, with an eightfold risk increase 
observed at an 8-year follow-up among individuals with 
baseline levels of 8-10 µg/g compared to those with un-
detectable f-Hb [5].

Relying on cumulative results from two consecutive 
negative tests present distinct limitations. Within-subject 
correlation between consecutive f-Hb measurements 
was weak, and the predictive value of cumulative f-Hb 
remained similar, regardless of the test sequence [4, 5]. 
Furthermore, repeated FIT screening can miss a subset 
of adenomas and CRCs due to systematic false-negative 
results, typically driven by non-bleeding lesions [23].

From a behavioural perspective, risk-based screening 
may enhance compliance among high-risk groups, but 
risk decreasing participation among low-risk individuals 
due to a false sense of reassurance [24, 25]. Alterna-
tively, low-risk individuals – particularly those of higher 
socioeconomic status – might reject reduced access to 
standard services and independently seek more inten-
sive screening elsewhere.

Balancing the precision of a detailed risk classification 
with real-world implementation remains a challenge. 
Insights from two ongoing randomized controlled trials 
evaluating tailored invitation intervals based on single 
or consecutive FIT results will provide crucial evidence 
on the scalability of these strategies [26, 27].  

Integrating additional risk factors such as age and sex 
could further refine these models. Some programs al-
ready employ sex-specific FIT thresholds or sex-specific 
starting ages for screening colonoscopy [24]. Similarly, 
a risk-stratified age for screening cessation – where ad-
ditional screening is offered to elderly cohorts based 
exclusively on the f-Hb levels of their last routine round 
– merits consideration, especially since guidelines gen-
erally recommend screening cessation in older popula-
tions unless life expectancy exceeds 10 years [28].

Regarding target population expansion, three nation-
al and international references indicate that the optimal 
target population for colorectal cancer screening should 
be between 50 and 74 years of age, thereby adding in-
dividuals aged 70-74 to the standard target population 
(people aged 50-69 years): the Recommendations of 
the Council of the European Union (2022/0290 NLE) 
[12]; the National Italian Prevention Plan 2020-2025 
[29]; the National Italian Oncology Plan 2023-2027 
(PON) [30].

Our study has certain limitations. Advanced adeno-
mas were not captured because the regional cancer 
registry tracks malignant neoplasms exclusively. Addi-
tionally, lifestyle, socioeconomic variables, anthropo-
metric measures, and family history were unavailable, 
though such parameters are rarely accessible in routine, 
population-based screening databases. Finally, histori-
cal variations in specimen collection methods, or buffer 
formulations might have subtly influenced f-Hb con-
centration distributions [19, 31]. 

Conversely, key strengths of this work include the 
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longitudinal analysis across multiple screening rounds, 
stratification by precise f-Hb levels, and a true popu-
lation-based setting governed by a highly consistent 
screening protocol. 

CONCLUSION
Among screenees with a negative FIT, those with 

f-Hb levels ≥15 µg/g represent less than1% of the popu-
lation but face a significantly higher risk of a subsequent 
CRC diagnosis. A single-test approach demonstrates 
superior predictive ability compared to a two-test cu-
mulative approach. While intensifying screening for 
individuals with elevated sub-threshold f-Hb requires 
greater colonoscopy capacity, these resources can be 
successfully reclaimed by extending screening intervals 
for individuals under 60 years of age with undetectable 
f-Hb. Future prospective studies and simulation models 
are warranted to refine the precise logistical and clinical 
parameters of these risk-stratified strategies. 
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[The processuality of the 
Self and the dimensions of 
meaning]

In the field of psychiatry, psychotherapy, and the 
cognitive and neurosciences, the question of how the 
human mind constructs meaning remains one of the 
most compelling and elusive challenges. The processual-
ity of the Self and the dimensions of meaning, the second 
volume of the trilogy The Narrative structure of human 
experience: An explanatory hypothesis of psychosis, edited 
by Giovanni Cutolo and Adele De Pascale, represents 
a major contribution to this ongoing inquiry. The work 
revisits and extends the theoretical legacy of Vittorio F. 
Guidano, founder of systemic-processual cognitivism, 
offering a renewed and scientifically grounded vision of 
the Self as a dynamic, evolving system.

This publication marks a significant intellectual and 
clinical event for contemporary cognitive psychotherapy, 
both within Italy and internationally. Rather than mere-
ly preserving Guidano’s heritage, Giovanni Cutolo and 
Adele De Pascale re-elaborate his post-rationalist model 
in light of current developments in cognitive science, 
neuroscience, and evolutionary theory. Their effort re-
sults in an impressive synthesis, at once rigorous, inter-
pretative, and profoundly humanistic, that restores vital-
ity and contemporary relevance to Guidano’s thought.

Vittorio F. Guidano’s theoretical and clinical work 
dominated the cognitive psychotherapy landscape from 
the 1970s through the 1990s. His texts – from Cognitive 
processes and emotional disorders (1983, with Giovanni 
Liotti) to Complexity of the Self (1987) and The Self in 
process (1991) – shaped the contours of post-rationalist 
cognitivism. Guidano’s model advanced a developmen-
tal and process-oriented understanding of the Self, 
grounded in the interplay between emotional regula-
tion, identity formation, and narrative meaning.

Giovanni Cutolo and Adele De Pascale, both long-

time collaborators and students of Guidano, resume 
and expand this unfinished theoretical trajectory. As 
the editors emphasize, Guidano’s premature death in 
1999 interrupted a process of conceptual refinement 
that he had begun to articulate in lectures and manu-
scripts. The two authors have collected, systematized, 
and enriched this material with contemporary scientific 
findings, constructing a model that integrates biology, 
psychology, and the philosophy of mind into a unified 
interpretive framework.

This approach exemplifies what can be described as 
an epistemology of complexity: a vision of human expe-
rience as an emergent, self-organizing system whose 
coherence derives from constant dialogue between its 
biological, emotional, and relational dimensions. Such 
an epistemological stance moves beyond reductionist or 
linear explanations of mental functioning, situating the 
Self as both a product and an active constructor of its 
own experiential world.

The second volume of the trilogy focuses on the 
processual and narrative dimensions of the Self – its 
development through language, attachment, and in-
terpersonal relationships. Drawing from the biological 
theories of Maturana and Varela, the authors portray 
the Self as a system that maintains coherence and con-
tinuity through recursive integration of environmental 
perturbations. The Self emerges, therefore, not as a 
fixed entity but as a living process of adaptation and 
self-regulation.

This view finds powerful articulation in the evolution-
ary account the authors reconstruct from Guidano’s 
insights. From the earliest forms of consensual co-
ordination among primates to the symbolic complex-
ity introduced by language, the Self develops as both 
a biological and cultural achievement. The text recalls 
how, through the emergence of narrative and reflective 
capacities, human beings acquire the ability to organize 
experience sequentially – to order emotions, memories, 
and meanings within a coherent personal story.

The volume pays particular attention to the phyloge-
netic and ontogenetic parallels of this process. Attach-
ment theory, especially as developed by Bowlby, be-
comes a crucial interpretive key: affective bonds serve 
as the matrix from which self-organization and identity 
coherence emerge. The construction of personal mean-
ing is thus inseparable from the quality of early relation-
al experiences, which mediate the individual’s capacity 
for emotional regulation and self-reflection.

Language occupies a central place in this theoretical 
architecture. It is not merely a communicative tool but 
a transformative evolutionary innovation that reshapes 
both external relations and internal experience. Through 
language, the human mind gains the capacity to step 
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back from the immediacy of perception, constructing an 
inner space in which events, emotions, and images are 
ordered narratively. In this sense, the Self becomes both 
the narrator and the product of its own story.

Giovanni Cutolo and Adele De Pascale skillfully 
demonstrate how this process implies a tension be-
tween the internal and external dimensions of human 
experience – between individual subjectivity and the 
intersubjective contexts of family and society. The Self 
must remain simultaneously open to shared meaning 
and faithful to its personal coherence. Psychopathology, 
in this perspective, arises when this dynamic integration 
fails – when the reciprocal coordination between inner 
and outer experience breaks down.

By foregrounding this processual view of identity, the 
authors contribute an explanatory (rather than merely 
descriptive) model of psychopathology. They highlight 
that mental suffering cannot be reduced to isolated 
trauma or biological dysfunction; rather, it reflects dis-
ruptions in the self-organizing process that integrates 
cognition, affect, and relational experience. This integra-
tive understanding opens new possibilities for psycho-
therapy, where the aim becomes not simply symptom 
reduction but the reconstitution of personal meaning.

The processuality of the Self and the dimensions of mean-
ing exemplifies an ambitious attempt to synthesize in-
sights from multiple disciplines – from neuroscience 
to paleoanthropology, from philosophy of language to 
systems theory. The breadth of its references is remark-
able, yet never dispersive: each citation serves to illumi-
nate the core theme of how the Self maintains coher-
ence amid complexity.

The book’s structure reflects this multilevel organiza-
tion. Early chapters reconstruct the evolutionary emer-
gence of mentalization and narrative thought; later 
sections examine the developmental trajectory of the 
individual Self through attachment, emotion regula-
tion, and identity formation. Particularly compelling is 
the final chapter on Love and knowledge, which situates 
affectivity as the central organizing principle of person-
al meaning. Love, in this model, is not a sentimental or 
merely interpersonal phenomenon but a fundamental 
epistemic category – the affective condition that makes 
knowledge of self and others possible.

This integration of affectivity and cognition embod-
ies the originality of the systemic–processual approach. 
The model recognizes the interdependence of emotion-
al, cognitive, and relational domains, conceiving psy-
chotherapy as a dialogical process aimed at restoring 
coherence within and between them.

From a critical standpoint, one of the most striking 
qualities of this volume is its refusal to oversimplify. 
Where much of contemporary neuroscience risks frag-
menting human experience into neural correlates, and 
where some cognitive models tend toward mechanistic 
reduction, Cutolo and De Pascale reassert the unity of 
the person. Their writing resists the temptation of pre-
mature synthesis, instead cultivating a reflective tension 
between scientific rigor and phenomenological depth.

Equally noteworthy is the editors’ methodological 
transparency. They do not conceal the fact that their 
reconstruction of Guidano’s thought involves interpre-

tative choices; rather, they make these choices explicit, 
framing them as part of an ongoing scientific dialogue. 
The result is a text that is both faithful to its origins 
and open to innovation – a rare balance in theoretical 
psychotherapy.

At the same time, the volume’s intellectual density may 
pose a challenge for readers unfamiliar with the broader 
tradition of Italian cognitivism. Yet this very complexity 
constitutes one of the book’s strengths: it demands ac-
tive engagement, inviting the reader to inhabit the same 
processual perspective that it describes. For clinicians, 
such engagement becomes an exercise in epistemologi-
cal self-reflection – a reminder that therapeutic practice 
is itself a narrative and evolutionary endeavor.

Beyond its theoretical richness, The processuality of 
the Self and the dimensions of meaning offers substantial 
practical relevance. For mental health professionals, it 
provides a nuanced framework for understanding the 
intricate interplay of identity, emotion, and relational 
dynamics underlying severe psychopathology. The sys-
temic–processual perspective does not reduce disorders 
such as psychosis or personality disturbances to static 
categories; instead, it situates them within the broader 
continuum of human experience, emphasizing continu-
ity between so-called normality and pathology.

For students and young researchers, the volume 
serves as both a guide and an intellectual provocation. It 
encourages critical engagement with the epistemologi-
cal foundations of psychotherapy and models a way of 
thinking that bridges empirical research and philosophi-
cal reflection. In an academic climate often dominated 
by technical specialization, the book stands as a call to 
restore the unity of scientific and humanistic inquiry.

In conclusion, The processuality of the Self and the 
dimensions of meaning represents a work of extraordi-
nary theoretical and clinical significance. It revitalizes 
Guidano’s systemic-processual model, integrating it 
with contemporary scientific knowledge while preserv-
ing its humanistic spirit. By weaving together evolution-
ary, neuroscientific, and narrative perspectives, Giovan-
ni Cutolo and Adele De Pascale offer a coherent and 
deeply original vision of the Self as an ongoing process 
of meaning-making.

The text’s relevance extends well beyond the con-
fines of Italian post-rationalist cognitivism. It contrib-
utes to a broader international dialogue on the nature 
of consciousness, identity, and emotional life – issues 
that remain central to the future of psychotherapy. For 
scholars and clinicians alike, this book stands as both a 
landmark and an invitation: a landmark in the continu-
ity of a tradition that unites theory and practice, and 
an invitation to explore new directions in the science of 
mind and the art of healing. The authors thus deliver to 
the scientific community a work that not only honors 
the legacy of Vittorio Guidano but renews its vitality, 
projecting it toward new horizons of research, clinical 
practice, and epistemological reflection.

Paola Cimbolli
Clinical Psychologist and Psychotherapist

Rome, Italy
pcimbolli@gmail.com
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ISBN 978-3-030-95323-2 
(eBook)

The possible hazardous level of several recognized 
toxicants needs to be continuously monitored and ap-
propriate, rapid intervention is due when they show ab-
normal elevation. The safety of drinking water remains 
in fact an absolute priority for both humans and nonhu-
man animal subjects. However, other biological indica-
tors may well be exploited in order both to complement 
the more employed chemico-physical parameters and 
to implement a highly refined and somehow innovative 
way of assessing the ecological status of even complex 
freshwater ecosystems. The sudden or progressive pop-
ulational decline of a given living organisms as well as 
the appearance of a new species, in this environmental 
context, or the variation in the monitored ratio in the 
local interspecific network, may profitably provide reli-
able (and not rarely preventive) way of counteracting 
increased levels of pollution or other potentially danger-
ous substances entering an ecosystem connected to the 
drinking water circuit.

As now widely known, the “One Health” perspec-
tive, and accordingly a view of global, planetary well-
being concerning human, animal, and environmental 
health as a strictly interconnected living ensemble, is 
promoting new avenues to contemporary biomedicine. 
It seems therefore that both the clinical and basic-re-
search scientific communities are presently in need of a 
more comprehensive education, including essential as-
pects of natural and ecological issues.  A book providing 
reliable information on a vast variety of animal species 
inhabiting freshwater ecosystems may well represent a 
good reading opportunity for the biomedical audience, 
particularly for professional ecotoxicologists. 

Macroinvertebrates are small aquatic organisms that 
are large generally >0.5 mm. They include insect larvae, 
molluscs, crustaceans, and annelids. These organisms 
inhabit freshwater ecosystems such as spring, rivers, 
streams, lakes, and wetlands, where they play a funda-
mental role in ecosystem functioning, including nutri-
ent cycling and organic matter decomposition [1].

Because of their sensitivity to environmental changes, 
macroinvertebrates are widely used as biological indi-
cators of freshwater ecosystem health [2]. The manual 
Freshwater invertebrates in Central Europe – A field guide 
by György Kriska is highly valuable for both ecosystem 
and human health because it provides the technical 
foundation for accurate biomonitoring, which is es-

sential for managing water resources and identifying 
environmental risks for ecosystems and human health. 
Macroinvertebrates are primarily benthic organisms 
that live on or within the substrate of aquatic ecosys-
tems. Their distribution depends on environmental 
variables such as dissolved oxygen, water temperature, 
flow velocity, and substrate composition; anthropogenic 
pressures such as modification of hydromorphology or 
chemical and microbiological pollution also affect it.

They are commonly classified into functional feed-
ing groups, including shredders, grazers, collectors, and 
predators, which reflect their ecological role in aquatic 
food webs [2]. Due to their relatively long-life cycles 
and limited mobility, macroinvertebrates provide an 
integrated response to environmental conditions over 
time, making them reliable indicators of habitat quality.

Macroinvertebrates are widely used as bioindicators 
of water quality and ecosystem health because of their 
varying sensitivity to pollution and habitat disturbance. 
Some taxa are highly sensitive to organic pollution and 
low oxygen conditions, while others are more tolerant 
and can survive in degraded environments. The moni-
toring programs typically evaluate taxonomic composi-
tion, species richness and diversity, abundance of sen-
sitive taxa (especially Ephemeroptera, Plecoptera, and 
Trichoptera-EPT taxa). 

This manual specifically may improve results for ac-
curacy in the field. Unlike traditional keys that use 
preserved specimens, this manual uses photographs in 
natural habitats to preserve diagnostic features like co-
lour, posture, and fine anatomical details that are often 
lost during fixation. The photographs are in ecological 
context.  The images provide information on substrate 
type and flow conditions, which are crucial for identify-
ing habitat-specific species.

These data are traditionally used to calculate biologi-
cal indices such as BMWP, ASPT, and Ecological Qual-
ity Ratio (EQR), which provide standardized measures 
of ecosystem health [3].

In Europe, the Water Framework Directive (WFD) 
(Directive 2000/60/EC) establishes a legal framework 
for the protection of European water bodies. It requires 
Member States to assess the ecological status of sur-
face waters using biological quality elements, including 
macroinvertebrates. A central concept of the WFD is 
the Ecological Quality Ratio (EQR), which compares 
observed biological conditions with reference. The 
Common Implementation Strategy (CIS) of the WFD 
provides technical guidance for the implementation of 
the WFD, ensuring harmonization of methods across 
Member States. It includes standardized approaches for 
sampling design, biological indices, and intercalibration 
procedures.  Standardized methods for macroinverte-
brate monitoring are defined in technical standards. 
These standards ensure consistency and comparability 
of ecological assessments across Europe.

At the international level, the United States Clean Wa-
ter Act (CWA) provides the legal framework for water 
pollution control. Biological assessments, including mac-
roinvertebrate monitoring, are widely used by the US 
Environmental Protection Agency (EPA) to evaluate wa-
ter quality and ecosystem integrity (US EPA, 2013) [4].
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Macroinvertebrates are essential biological indicators 
for assessing freshwater ecosystem health. Their ecolog-
ical sensitivity, combined with standardized monitoring 
methods and strong regulatory frameworks such as the 
EU Water Framework Directive and the US Clean 
Water Act, makes them fundamental tools in modern 
water resource management and for ecosystem health.

A photographic identification manual of freshwater 
macroinvertebrates, especially including images taken 
in natural environments, is highly valuable for both sci-
entific monitoring and education. Macroinvertebrates 
often show subtle morphological differences between 
species, and many taxa are difficult to distinguish us-
ing preserved specimens alone, as colour, posture, and 
fine anatomical details may be altered during fixation 
[2]. Field photographs help therefore preserve these 
diagnostic features in their natural state, improving the 
accuracy of identification while reducing taxonomic 
errors.

In addition, images taken directly in aquatic habitats 
provide essential ecological context, such as substrate 
type, flow conditions, and microhabitat associations. 
This information is important because macroinverte-
brate distribution is strongly influenced by environ-
mental conditions, and many species are habitat-spe-
cific [2]. A photographic guide also supports rapid field 
identification, increasing efficiency during biomonitor-
ing surveys.

Moreover, such manuals are extremely useful for spe-
cies identification even in the most complicated cases 
and for training students and technicians, helping them 
to develop recognition skills more effectively than using 
dichotomous keys alone. Overall, photographic manuals 
enhance data quality, standardisation, and reliability in 
freshwater biomonitoring programmes, including those 
required under the EU Water Framework Directive 

Photographic and taxonomic identification manuals 
of freshwater macroinvertebrates do represent essential 
tools for biomonitoring and ecological assessment. Tra-
ditional keys, such as those developed in many coun-
tries provide detailed morphological descriptions and 
dichotomous identification pathways, structuring the 
basis of freshwater biomonitoring. At the European lev-
el, standardized operational manuals developed under 

the Water Framework Directive support harmonized 
sampling and identification procedures across Member 
States. In addition, photographic atlases enhance field 
identification by showing organisms under natural con-
ditions, improving accuracy and reducing taxonomic 
errors, especially for non-specialists [1]. Together, these 
resources ensure reliable, repeatable, and standardized 
assessment of freshwater ecological status. 

This up-to-date guidebook on freshwater inverte-
brates of the central European region is a new guide-
line for field identification. It is a richly illustrated work, 
providing a good source of systematic information on 
freshwater macroinvertebrates. There are 525 illustra-
tions in colour included and additional vector graphic 
figures that allow readers to identify specific species, 
genres and taxonomic families. The colour photos of 
taxa in natural habitat provide a useful support for the 
taxonomic identification. The book is supplemented by 
video sequences. 

Freshwater invertebrates in Central Europe – A field guide 
is a must-have for all those interested in the freshwater 
animals of central Europe such as biologists, ecologists, 
specialized technicians in biomonitoring of benthos in 
freshwater as well as students attending courses and 
classes on freshwater and applied ecology.

Laura Mancini and Enrico Alleva
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laura.mancini@iss.it
enrico.alleva@iss.it

REFERENCES

1.	 Rosenberg DM, Resh VH. Freshwater biomonitoring 
and benthic macroinvertebrates. Chapman & Hall; 1993. 

2.	 Hauer FR, Lamberti GA. Methods in stream ecology. 
Academic Press; 2017.

3.	 Mancini L. Organization of biological monitoring in the 
European Union. In: G. Ziglio, M. Siligardi, G. Flaim 
(Eds). Biological monitoring of rivers: applications and 
perspectives. John Wiley & Sons; 2006. p. 171-201.

4.	 US Environmental Protection Agency. National rivers 
and streams assessment: Field operations manual. Wash-
ington, DC: USEPA Office of Water; 2013. (Report n. 
EPA-841-B-12-009a).

mailto:laura.mancini@iss.it
mailto:enrico.alleva@iss.it


P
u

b
l

ic
a

t
io

n
s
 f

r
o

m
 I

n
t

e
r

n
a

t
io

n
a

l
 O

r
g

a
n

iz
a

t
io

n
s

Publications from International Organizations 
on Public Health

289

Edited by
Annarita Barbaro

Ann Ist Super Sanità 2026  |  Vol. 62, No. 3: 289-291
DOI: 10.4415/ANN_26_03_12

FOOD AND AGRICULTURE 
ORGANIZATION OF THE UNITED 
NATIONS (FAO)

Extreme heat and agriculture. FAO-WMO joint 
report. Rome, Geneva: FAO and WMO 2026; 108 p. 
ISBN 978-92-5-140656-4. This joint report on extreme 
heat and agriculture brings together the scientific and 
operational expertise of the Food and Agriculture Or-
ganization of the United Nations (FAO) and the World 
Meteorological Organization (WMO) to assess how 
extreme heat is reshaping food production and food 
security. Drawing on the latest climate observations, 
agrifood systems analysis, and research, it provides a 
comprehensive assessment of risks that have too often 
been under-recognized in climate and development 
planning and identifies priority areas for policy atten-
tion and strategic investment. The findings of this re-
port make clear that building the resilience of agrifood 
systems requires coordinated and sustained action. Ad-
aptation must be scaled across agrifood systems glob-
ally and be carried out at a pace that keeps ahead of 
the rate at which the damaging changes materialize. 
Climate-resilient practices, improved water and land 
management, the development of heat-tolerant crops 
and breeds and strengthened risk governance can re-
duce vulnerability and protect livelihoods.

Food Outlook – Biannual report on global food 
markets. Rome: Food and Agriculture Organization 
of the United Nations 2026; 137 p. ISBN 978-92-5-
140448-5. This new edition of the Food Outlook is re-
leased amid heightened economic uncertainty. While 
the global economy has shown resilience, the growth 
outlook for 2026 has become more fragile and remains 
uneven across regions. Inflation remains subject to 
considerable uncertainty, with geopolitical tensions, 
volatile energy markets, and fertilizer price develop-
ments posing serious risks of renewed cost pressures. 
At the same time, the interaction between evolving 
policy settings, shifting trade dynamics and exchange 
rate movements continues to cloud prospects for 
global trade and growth. In addition to market assess-
ments, this June 2026 edition features a special article 
on the use of alternative fuels in international mari-
time shipping. Additional topics include an analysis of 
how energy markets influence sugar market dynamics 
through ethanol linkages, as well as an update on ferti-
lizer markets. The market indicators overview includes 
recent developments in futures markets, ocean freight 
rates, the global food import bill, and food price indi-
ces.

Karasik R, Nizzetto L, Howell D, Thompson RH. A 
review of the international and regional policy 
landscape for the management of plastics used 
in agriculture. Environment and Natural Resources 
Management Working Paper, No. 112. Rome: Food 
and Agriculture Organization of the United Nations 
2026; 52 p. ISBN 978-92-5-140628-1. Plastics are 
deeply embedded in modern agriculture, yet global 
governance frameworks have not kept pace with their 
growing environmental and health risks. This report 
provides a comprehensive review of international and 
regional policy instruments addressing plastics in agri-
food systems, identifying critical gaps, emerging trends, 
and opportunities for transformative action. The policy 
landscape is fragmented, lacking coherence, coordina-
tion, and incentives for national action plans. To close 
these gaps, the report provides a review of the relevant 
international regulatory framework for agri-plastics, by 
describing 50 international and regional policy docu-
ment or policy document compilations that address, 
either directly or indirectly, plastics used in agriculture. 

UNITED NATIONS EDUCATIONAL, 
SCIENTIFIC AND CULTURAL 
ORGANIZATION (UNESCO)

The United Nations world water development re-
port 2026, water for all people: equal rights and 
opportunities. Paris: UNESCO Publishing 2026; 157 
p. ISBN 978-92-3-100853-5. This report presents the 
latest state-of-the-art knowledge regarding different 
aspects of water and gender equality. Like in all previ-
ous editions, UNESCO endeavoured to produce a bal-
anced, evidence-based and objective account of the cur-
rent state of knowledge, relying on the latest and most 
reliable data available. Although primarily targeted at 
policymakers, decision-makers, water resources man-
agers, academics and the broader development com-
munity, this report will also be well received by other 
specialists and a wider public, including those who are 
engaged in the alleviation of poverty and humanitarian 
crises, the pursuit of universal access to water supply 
and sanitation, and the 2030 Agenda for Sustainable 
Development. The report also benefited largely from 
the inputs and contributions of several other UN-Water 
Members and Partners, as well as from numerous uni-
versities, research institutions, scientific associations 
and non-governmental organizations, who provided a 
broad range of relevant materials.
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JOINT UNITED NATIONS PROGRAMME 
ON HIV/AIDS (UNAIDS)

Global AIDS Monitoring 2026. Indicators and 
questions for monitoring progress towards the 
Global AIDS Strategy 2026-2031 targets. Geneva: 
Joint United Nations Programme on HIV/AIDS 2026; 
224 p. The Global AIDS Monitoring 2026 guidelines 
provide the core metrics and indicators needed to track 
country progress against the Global AIDS Strategy 
2026–2031. The strategy focuses on reaching 16 top-
line targets to end AIDS as a public health threat by 
2030 and ensuring sustainability of the HIV response 
beyond. The indicators and policy questions in this 
document are designed for use by national AIDS pro-
grammes and other government entities and partners 
to assess a country’s HIV response, and to measure 
progress towards achieving national HIV targets in a 
standardized way aligned with international standards 
to enable global aggregation.

UNAIDS Gender Assessment Tool. Towards a 
gender-transformative HIV response. Geneva: 
Joint United Nations Programme on HIV/AIDS 2025; 
120 p. The Gender Assessment Tool (GAT) for national 
HIV responses is intended to assist countries in assess-
ing the HIV epidemic; examining the context and re-
sponse from a gender perspective; and making the HIV 
responses gender transformative, equitable and rights 
based to eradicate gender and HIV-related disparities 
and to ensure an effective response to HIV. It focuses 
on women, girls and gender diverse people with multi-
ple and intersecting identities that are often marginal-
ized, invisibilized and/or left out.

ORGANISATION FOR ECONOMIC CO-
OPERATION AND DEVELOPMENT (OECD)

Improving quality of care through the OECD 
Patient Reported Indicator Surveys (PaRIS). Us-
ing patient-reported data to support health pol-
icy. Paris: OECD Publishing 2026; 43 p. The report 
focusses on the Patient-Reported Indicator Surveys 
(PaRIS), an OECD programme designed to assess 
primary care from people’s perspective, and to support 
improvements in quality and in how people centred 
health services are. The first cycle of PaRIS, which ran 
between 2018 and 2025, surveyed over 107,000 pa-
tients using primary care services and more than 1,800 
primary care practices in 19 countries, and provides a 
large, internationally comparable dataset that coun-
tries can use to benchmark performance, identify gaps, 
and track reforms using measures reported directly by 
primary care users. Drawing on interviews and written 
exchanges with country delegates and national project 
managers of PaRIS in March 2026, this report identi-
fies how PaRIS results have been disseminated, inter-
preted and used in health policy and practice in the 19 

countries that participated in PaRIS Cycle 1 (Australia, 
Belgium, Canada, Czechia, France, Greece, Iceland, 
Italy, Luxembourg, the Netherlands, Norway, Portugal, 
Romania, Saudi Arabia, Slovenia, Spain, Switzerland, 
the United States and Wales (United Kingdom)). The 
analysis follows a Knowledge to Action framework, a 
structured way to examine how evidence is adapted to 
the local context, communicated, applied, monitored 
and sustained.

INTERNATIONAL LABOUR 
ORGANIZATION (ILO)

Rounding N, Arif L, Berg J, et al. Does a general-pur-
pose large language model improve physicians’ 
clinical reasoning? ILO Working Paper 175. Geneva: 
International Labour Organization 2026; 42 p.  ISBN 
978-92-2-043559-5 (print) ISBN 978-92-2-043560-1 
(web PDF). This paper investigates whether access to a 
general-purpose large language model (LLM) improves 
physicians’ clinical reasoning across diverse healthcare 
contexts, as well as the possible implications of using 
an LLM in healthcare settings. Using a randomized 
controlled trial with 249 physicians in Indonesia, Ken-
ya, and the Netherlands, the study finds that LLM 
access enhances performance on standardized clini-
cal vignettes in all three countries. The results reveal 
substantial heterogeneity. Performance distributions 
overlap, and some physicians with LLM access perform 
worse than those without, indicating that access alone 
does not guarantee improvement. Higher usage is asso-
ciated with better outcomes, and less specialized physi-
cians appear to benefit more, implying that LLMs may 
help reduce skill gaps. Importantly, the findings empha-
size that LLMs function as complements rather than 
substitutes for clinical expertise. However, the study 
identifies important risks, including automation bias, 
hallucinations, and context misalignment, underscor-
ing the importance of careful integration, training, and 
governance.

WORLD HEALTH ORGANIZATION (WHO)

Guidelines for drinking-water quality: fourth edi-
tion incorporating the first, second and third ad-
denda. Geneva: World Health Organization 2026; 647 
p.  ISBN 978-92-4-012122-5 (electronic version) ISBN 
978-92-4-012123-2 (print version). The WHO Guide-
lines for drinking-water quality provide an authoritative 
basis for the setting of national regulations and stand-
ards for water safety in support of public health. The 
fourth edition incorporating the first, second, and third 
addenda of the World Health Organization’s (WHO) 
Guidelines for drinking-water quality (GDWQ) builds 
on over 65 years of WHO guidance on drinking-water 
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quality. This guidance has formed an authoritative basis 
for the setting of national regulations and standards for 
water safety in support of public health. The Guidelines 
provide a comprehensive framework for protecting pub-
lic health through the management of drinking-water 
quality risks, from catchment to consumer. They sup-
port the development of health-based targets, risk-
based management approaches and independent sur-
veillance. This latest version incorporates updates that 
reflect new evidence and substantive implementation 
experience to better support the effective application of 
the Guidelines in a range of settings.

Global status report on blood safety and availabil-
ity 2025. Geneva: World Health Organization 2026; 
147 p.  ISBN 978-92-4-012154-6 (electronic version) 
ISBN 978-92-4-012155-3 (print version). The Global 
status report on blood safety and availability 2025 pro-
vides a comprehensive assessment of the status, trends 
and challenges of national blood systems worldwide, 
based on data reported by Member States to the WHO 
Global Database on Blood Safety. Drawing on informa-
tion from 168 countries representing the vast majority 
of the global population, the report analyses governance 
and financing of blood services, blood collection and 
donation patterns, component preparation, laboratory 
screening for transfusion-transmissible infections, clini-
cal use of blood and blood components, hemovigilance 
systems, and the availability of plasma-derived medici-
nal products. It examines progress towards establishing 
well-governed, effective and sustainable national blood 
systems and highlights regional and income-related dif-
ferences in blood availability, safety and access. This 
report documents developments in policy, regulation, 
quality assurance and service organization, while iden-
tifying persistent gaps that affect the sufficiency, safety 
and equitable availability of blood and blood products, 

particularly in low- and middle-income countries. It also 
reviews trends in blood donation, transfusion practices 
and plasma collection, and includes country case studies 
illustrating approaches to strengthening blood systems.

Pesticide residues in food: report 2025. Joint 
FAO/WHO Meeting on Pesticide Residues. Ge-
neva: WHO and FAO 2026; 962 p.  ISBN 978-92-4-
012296-3 (electronic version) ISBN 978-92-4-012297-0 
(print version). This report presents the outcomes of the 
2025 Joint FAO/WHO Meeting on Pesticide Residues 
(JMPR), including evaluations of pesticide residues in 
food, toxicological assessments and dietary exposure 
analyses conducted to support international food safe-
ty standards and Codex maximum residue levels. The 
publication documents the review of 38 pesticides, in-
cluding new compounds and substances under periodic 
review, covering toxicology, metabolism, residue behav-
iour, analytical methods and dietary risk assessment. It 
provides recommendations for acceptable daily intakes, 
acute reference doses, maximum residue levels, super-
vised trials median residue values and highest residue 
estimates for plant and animal commodities. The pub-
lication also addresses methodological and regulatory 
issues relevant to pesticide risk assessment, including 
dietary exposure methodologies, integration of new ap-
proach methodologies, updates to guidance documents, 
residue definitions, storage stability studies and trans-
parency of dietary burden calculations. Chronic and 
acute dietary exposure assessments were performed 
using international dietary intake models to evaluate 
potential risks to consumers. Annexes include detailed 
intake estimates, livestock dietary burden calculations, 
lists of evaluated compounds and supporting technical 
information intended to assist Codex Alimentarius ac-
tivities and national regulatory authorities in the assess-
ment and management of pesticide residues in food.
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In the originally published version of this manuscript, an error occurred in the third column of Table 1 (Italy drug 
scheduling section, page 105) reporting the drug scheduling for Italy.

The correct drug scheduling should read: 

•	 “The scheduling system classifies substances into five Tables: 

-	 Table I: substances with highest abuse potential (e.g., heroin, cocaine, amphetamines) 

-	 Table II: cannabis products (e.g. marijuana, hashish) 

-	 Table III: barbiturates 

-	 Table IV: benzodiazepines 

-	 Table medicinal products: medicinal products containing narcotic or psychotropic substances”

instead of:

•	 The scheduling system classifies substances into five Tables:

-	 Table I: substances with high abuse potential and no recognized medical use (e.g., heroin, LSD)

-	 Table II: substances with high abuse potential but with recognized medical use (e.g., morphine, methadone)

-	 Table III: substances with lower abuse potential and recognized medical use (e.g., codeine)

-	 Table IV: preparations containing substances from Tables II and III in combinations that reduce abuse potential

-	 Table medicinal products: medicinal products containing narcotic or psychotropic substances in minimal quantities

We apologize for this error and any confusion it may have caused.

Ann Ist Super Sanità 2026 | Vol. 62, No. 3: 292
DOI: 10.4415/ANN_26_03_13

Erratum

Erratum for: Legal responses  
to new psychoactive substances  
in Europe: countries inside the REITOX 
network, Norway, and Türkiye
Valeria Aquilina, Francesco Paolo Busardò, Simona Pichini, Giulia Bambagiotti 
and Silvia Graziano

Ann Ist Super Sanità 2026 | Vol. 62, No. 2: 100-114 DOI: 10.4415/ANN_26_02_02
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