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EDITORIAL

Climate change and occupational heat stress: the evolving role of 
industrial hygiene in risk assessment, management and prevention
DOI: 10.36125/ijoehy.v17i1.593

Climate change is increasingly recognized as one of the most significant emerging determinants of occupational health 
risk worldwide. Rising global temperatures and the growing frequency, duration and intensity of heatwaves are progres-
sively altering the environmental conditions under which work is performed, leading to a substantial increase in occupa-
tional exposure to heat across a wide range of economic sectors [Ebi et al 2021].

In this context, occupational heat stress has become a critical concern for occupational health and safety systems. Heat 
stress occurs when the thermal load imposed on the body exceeds its physiological capacity for thermoregulation, resul-
ting in a state of heat strain that may impair normal physiological functions [Cramer et al 2022]. Excessive thermal exposu-
re can lead to a spectrum of adverse health outcomes, ranging from dehydration and heat exhaustion to heat stroke and, 
in extreme cases, fatal consequences. In addition to these direct health effects, elevated temperatures can compromise 
cognitive and physical performance, increase the likelihood of errors and accidents, and reduce overall work capacity and 
productivity [Xu et al 2025].

Ongoing processes of urbanization and demographic growth further exacerbate the impacts of climate change on oc-
cupational heat exposure. The development of so-called urban heat islands—localized areas within cities where tempe-
ratures are significantly higher than in surrounding rural areas due to dense infrastructure and limited vegetation—can 
intensify the effects of heatwaves and amplify occupational risks for workers in urban environments. As a consequence, 
heat-related hazards are no longer confined to traditionally exposed sectors but increasingly affect a wide range of occu-
pational settings, both outdoor and indoor [Hsu et al 2021].

Outdoor occupations involving high metabolic workloads remain particularly vulnerable to thermal stress, including agri-
culture, construction, environmental resource management, waste collection, transportation, tourism and emergency 
response activities. However, industrial and service-sector workers operating in indoor environments may also experience 
substantial heat exposure when thermal loads generated by production processes or inadequate ventilation are not ade-
quately controlled. At elevated temperature levels, even tasks involving moderate physical effort or primarily cognitive 
activity can become progressively more difficult, as fatigue and physiological strain impair both physical endurance and 
mental performance [De Sario et al 2023].

The economic implications of occupational heat exposure are equally significant. Evidence indicates that labour pro-
ductivity begins to decline at temperatures exceeding approximately 24–26 °C. At around 33–34 °C, workers performing 
tasks of moderate intensity may experience a reduction in work capacity of up to 50 %. On a global scale, projections 
suggest that rising temperatures could result in a loss of approximately 2.2 % of total working hours worldwide by 2030, 
corresponding to an estimated 80 million full-time job equivalents. Under scenarios where outdoor labour is performed 
directly under solar exposure, these losses could increase to nearly 3.8 % of total working hours, equivalent to roughly 136 
million jobs [Levi et al 2018].

e2026006
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These developments underscore the need for a comprehensive and forward-looking approach to occupational heat risk 
management. Effective responses to global warming within the world of work must encompass both mitigation strate-
gies aimed at limiting further temperature increases and adaptation policies designed to protect workers from the health 
and safety consequences of increasing heat exposure. Such responses include measures to strengthen occupational sa-
fety systems, support workforce transitions in sectors particularly vulnerable to climate impacts, and improve prepared-
ness for climate-related hazards. In parallel, the pursuit of sustainable economic development pathways will be essential 
to address the broader structural drivers of climate-related occupational risk [Baek et al 2025].

From a technical perspective, the assessment of occupational heat stress requires an integrated methodological approach 
capable of accounting simultaneously for environmental parameters, metabolic workload associated with work activities, 
and the thermal insulation characteristics of clothing and personal protective equipment. Over recent decades, several 
analytical and empirical indices have been developed to support the evaluation of thermal risk in occupational settin-
gs. These tools provide an essential technical basis for estimating exposure levels and identifying hazardous conditions, 
although their practical application may be constrained in complex or rapidly changing work environments, requiring 
careful interpretation and integration with broader preventive strategies [Gao et al 2018].

Beyond exposure assessment, the effective management of occupational heat stress relies on the implementation of 
comprehensive prevention strategies combining technical, organizational and procedural interventions. Measures such 
as the optimization of work–rest cycles, adequate hydration policies, progressive acclimatization of workers, environmen-
tal engineering controls and the integration of heat-warning and monitoring systems constitute essential components of 
a proactive prevention framework [Khorshid et al 2025].

In addition, risk communication and worker education represent additional pillars of effective prevention. The dissemina-
tion of accurate information regarding heat-related hazards, the early recognition of symptoms and the adoption of pro-
tective behaviours can significantly enhance workers’ adaptive capacity and contribute to the reduction of heat-related 
incidents in the workplace [Esmaeili et al 2025].

Also, occupational health surveillance represents a key component in the prevention of heat-related disorders. The iden-
tification of vulnerable worker groups, the assessment of individual health status and the monitoring of physiological 
responses to thermal exposure enable occupational health systems to effectively integrate clinical knowledge with en-
vironmental risk management. This integrated approach supports the implementation of targeted preventive measures 
and facilitates more informed fitness-for-work evaluations [Chirico et al., 2019].

Within this framework, it is also important to consider the regulatory dimension. In the Italian context, microclimatic 
conditions are formally recognized among the physical agents requiring risk assessment and management. However, in 
contrast to other physical hazards, occupational heat exposure remains only partially and indirectly addressed in regula-
tory provisions. As a result, risk management practices frequently rely on technical standards, institutional guidance and 
predictive environmental tools to support the development of effective prevention strategies [Errico et al., 2026].

Against the backdrop of accelerating climatic transformations, occupational heat stress is increasingly emerging as a 
structural challenge for occupational safety and health systems. Industrial hygiene, traditionally grounded in the iden-
tification, evaluation and control of environmental hazards, is therefore called upon to assume a more strategic role in 
addressing this evolving risk landscape [Schulte et al 2016].

Important limitations remain. These include the incomplete standardization of exposure assessment methodologies in 
certain operational contexts, the difficulty of applying existing indices in dynamic and heterogeneous work environmen-
ts, the limited integration between environmental monitoring, physiological indicators and occupational health surveil-
lance systems, and persistent regulatory gaps in addressing climate-related occupational hazards. Moreover, current 
assessment tools often rely on simplified assumptions regarding metabolic workload, clothing insulation and worker cha-
racteristics, which may not fully capture the complexity and variability of real-world occupational environments [Schulte 
et al 2016] . 

At the same time, the broader climate–occupational health literature highlights the need for more systematic frameworks 
capable of identifying and characterizing the full spectrum of climate-related hazards affecting workers. Recent analyses 
have proposed a conceptual model that organizes occupational climate risks into several interrelated categories—inclu-
ding increased ambient temperatures, air pollution, ultraviolet radiation, extreme weather events, vector-borne diseases, 
industrial transitions associated with decarbonization, and changes in the built environment—emphasizing that workers 

https://www.aidii.it/
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are frequently exposed to multiple hazards simultaneously and may experience cumulative health effects [Turner et al 
2025]. 

Such frameworks underscore the importance of integrating traditional industrial hygiene approaches with broader clima-
te-risk assessment strategies that account for environmental variability, occupational vulnerability, and socio-economic 
determinants of exposure. Within this perspective, workers represent one of the first population groups to experience the 
health and safety consequences of climate change, often facing prolonged and unavoidable exposure due to the nature 
of work activities and the limited capacity to modify many work environments [Habibi et al 2024]. 

Future progress in the prevention of occupational heat stress will therefore depend on strengthening the interdisciplinary 
foundations of industrial hygiene and expanding its methodological toolkit. This will require the development of more 
flexible and context-sensitive assessment approaches capable of integrating environmental measurements, meteorologi-
cal forecasting, physiological monitoring and workplace organizational factors. Advances in predictive modeling, digital 
monitoring technologies, and climate-informed occupational surveillance systems may significantly enhance the capaci-
ty of prevention systems to anticipate thermal risks rather than simply react to them [Gourzoulidis et al 2023].

Equally important will be the reinforcement of institutional and organizational responses, including improved risk com-
munication, structured training programmes, proactive health surveillance and the implementation of adaptive work 
organization strategies capable of protecting vulnerable worker populations. In this evolving landscape, industrial hy-
giene must not only refine its technical tools but also actively contribute to shaping policies and prevention systems that 
integrate occupational health into broader climate-adaptation strategies.

Ultimately, addressing the occupational consequences of climate change requires a shift from a reactive paradigm fo-
cused on isolated hazards to a proactive and systemic approach capable of anticipating emerging risks and protecting 
workers in increasingly complex environmental conditions. The industrial hygiene community is therefore called upon 
to lead this transition—by advancing research, refining exposure assessment methods, strengthening interdisciplinary 
collaboration and promoting evidence-based prevention strategies that place workers’ health at the center of climate 
adaptation policies.

Only through such a concerted effort will it be possible to ensure that the rapidly changing climate does not translate 
into an unacceptable burden of risk for the global workforce, but rather becomes an impetus to modernize occupational 
safety and health systems for the challenges of the twenty-first century

Angela Stufano

Department of Medical and Surgical 
Sciences, University of Foggia,  
Foggia, Italy 
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Occupational Heat Stress, Health Outcomes, and the Role of 
Occupational Health Surveillance in the Era of Climate Change
Stress termico sul lavoro, conseguenze sulla salute e ruolo della sorveglianza 
sanitaria sul lavoro nell’era del cambiamento climatico
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Heat stress is an emerging occupational hazard driven by climate change and by increasing exposure to high-temper-
ature work environments in multiple sectors. The combined effects of environmental heat load, metabolic work and 
clothing insulation can exceed the body’s thermoregulatory capacity, leading to heat strain and a broad spectrum of 
acute and chronic health effects. Although the physiological mechanisms of thermal stress are well described, its impli-
cations for occupational health practice and workplace preventive systems remain insufficiently integrated into routine 
surveillance frameworks. 
This narrative review examines the effects of occupational heat stress on human health and critically evaluates the role of 
occupational health surveillance and the Occupational Physician (OP) in managing heat-related risks at the workplace. 
Evidence from occupational medicine, physiology, epidemiology and ergonomics is synthesized to describe acute out-
comes such as heat exhaustion, exertional heat stroke and rhabdomyolysis, as well as chronic effects including renal im-
pairment, cardiovascular strain, neurocognitive alterations and adverse pregnancy outcomes. Vulnerable worker groups, 
biomarkers of physiological stress and the challenges posed by personal protective equipment (PPE) are discussed. 
Finally, the review addresses occupational health surveillance requirements, clinical assessment, fitness-to-work evalua-
tions and preventive strategies rooted in the hierarchy of controls. Findings indicate that heat stress constitutes a clinical, 
ergonomic and organizational challenge that requires an expanded preventive role for the OP within a climate adapta-
tion framework. Strengthening surveillance systems, integrating physiological monitoring and redefining fitness-to-work 
criteria will be essential for protecting workers’ health in a warming world.

Keywords: heat stress, climate change

Lo stress termico rappresenta un rischio occupazionale emergente, favorito dal cambiamento climatico e dall’aumento 
dell’esposizione lavorativa ad ambienti ad alta temperatura in numerosi settori produttivi. La combinazione tra carico 
termico ambientale, lavoro metabolico e isolamento termico dell’abbigliamento può superare la capacità termoregolato-
ria dell’organismo, determinando uno stato di “heat strain” e un ampio spettro di effetti sanitari acuti e cronici. Sebbene 
i meccanismi fisiologici dello stress termico siano ben documentati, le sue implicazioni per la pratica della medicina del 
lavoro e per i sistemi preventivi aziendali risultano ancora insufficientemente integrate nei modelli di sorveglianza sani-
taria correnti. 
Questo viewpoint esamina gli effetti dello stress termico occupazionale sulla salute umana e valuta criticamente il ruolo 
della sorveglianza sanitaria e dell’Occupational Physician (OP) nella gestione del rischio termico nei contesti lavorativi. 
L’evidenza proveniente dalla medicina del lavoro, dalla fisiologia, dall’epidemiologia e dall’ergonomia viene sintetizzata 
per descrivere gli esiti acuti – quali heat exhaustion, colpo di calore da sforzo e rabdomiolisi – e gli effetti cronici, tra cui 
disfunzione renale, sovraccarico cardiovascolare, alterazioni neurocognitive ed esiti avversi in gravidanza. Il viewpoint 
discute inoltre gruppi di lavoratori vulnerabili, biomarcatori di stress fisiologico e le criticità associate all’uso di dispositivi 
di protezione individuale (DPI). 

e2026001
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Infine, vengono affrontati gli aspetti relativi alla sorveglianza sanitaria, alla valutazione clinica, alla fitness-to-work e 
alle strategie preventive basate sulla gerarchia dei controlli. Le evidenze suggeriscono che lo stress termico costituisce 
una sfida clinica, ergonomica e organizzativa che richiede un rafforzamento del ruolo preventivo dell’OP nell’ambito 
dell’adattamento climatico. Il potenziamento dei sistemi di sorveglianza, l’integrazione del monitoraggio fisiologico e la 
ridefinizione dei criteri di idoneità al lavoro saranno elementi essenziali per tutelare la salute dei lavoratori in un mondo 
sempre più caldo.

1. Introduction
Climate change is reshaping the environmental conditions 
under which work is performed, increasing the frequency, 
duration and intensity of heat waves and exposing wor-
kers to unprecedented levels of occupational heat stress. 
As global temperatures rise, sectors involving outdoor la-
bour, high metabolic intensity or the use of impermeable 
personal protective equipment (PPE) face an elevated risk 
of thermal overload and associated adverse health outco-
mes. The International Labour Organization has projected 
significant reductions in working hours due to heat stress 
by 2030, with implications not only for the economy and 
productivity but also for the quality and sustainability of 
work [Turner et al., 2025].

Occupational heat stress may results from the imbalance 
between metabolic heat production and environmental 
heat dissipation. When heat gain exceeds evaporative, 
convective and radiative heat loss, core body temperature 
increases, triggering a cascade of physiological responses 
including dehydration, electrolyte imbalance, cardiova-
scular strain and, in extreme cases, exertional heat stroke 
and multi-organ failure [Périard et al., 2021]. While acu-
te outcomes such as heat exhaustion and heat stroke 
are well recognized, cumulative exposure has been as-
sociated with renal impairment, cardiovascular disease, 
neurocognitive impacts and adverse pregnancy-related 
outcomes [Ebi et al., 2021]. Such effects have been docu-
mented among agricultural, construction, manufacturing 
and emergency response workers, as well as in indoor en-
vironments with poor ventilation and radiant heat sources 
[Habibi et al., 2024]. Despite growing recognition of heat 
as a workplace hazard, preventive approaches have hi-
storically focused on environmental monitoring and work 
organization, whereas the clinical dimensions of thermal 
stress remain fragmented within occupational health sy-
stems. Surveillance of thermally exposed workers is not 
uniformly implemented, and fitness-to-work assessments 
seldom incorporate heat-related physiological parame-
ters, comorbidities, medication profiles or acclimatiza-
tion status [Gao et al., 2019; Gariazzo et al., 2023]. 

This viewpoint aims to synthesize evidence on the heal-
th effects of occupational heat stress and to examine the 
potential contribution of occupational health surveillance 

and the OP to the management of heat-related risks. By 
integrating scientific findings with clinical practice con-
siderations, the viewpoint seeks to outline the preventi-
ve competencies required to protect workers’ health in a 
warming climate.

2. Materials and Methods
This viewpoint was conducted to synthesize multidisci-
plinary evidence regarding the health effects of occupa-
tional heat stress and the role of occupational health sur-
veillance in preventing heat-related adverse outcomes. 
The narrative format was chosen due to the heterogeneity 
of the literature spanning physiology, occupational medi-
cine, environmental health, ergonomics and public heal-
th policy. Relevant peer-reviewed studies were identified 
through targeted searches in PubMed, Scopus and Goo-
gle Scholar using combinations of the following terms: 
“heat stress”, “occupational”, “thermal strain”, “renal 
injury”, “neurological”, “heat exhaustion”, “heat stroke”, 
“worker surveillance”, “fitness-to-work” and “Occupa-
tional Physician”. Grey literature, including institutional 
reports from EU-OSHA, NIOSH, ILO and national te-
chnical bodies, as well as technical documents related 
to the evaluation and prevention of microclimatic risk 
in Italian workplaces, was also incorporated due to its 
operational relevance for heat surveillance and clinical 
prevention. No time restrictions were applied. Studies 
and documents were included if they addressed: (i) phy-
siological mechanisms of heat strain, (ii) acute or chronic 
health outcomes, (iii) worker groups at risk, (iv) preventi-
ve strategies, or (v) occupational health surveillance and 
clinical assessment.

The extracted evidence was organized into four thematic 
domains: 

	■ (1) pathophysiology and mechanisms of injury; 
	■ (2) acute heat-related health effects; 
	■ (3) chronic and cumulative outcomes; and 
	■ (4) vulnerable populations and modifying factors. 

The role of the Occupational Physician (OP) and occupa-
tional health surveillance was examined in a dedicated 
section. 
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3. Results

3.1 Pathophysiology of heat strain and mechanisms of 
injury
Heat stress arises from the combined effect of envi-
ronmental heat load, metabolic heat production and 
clothing insulation. The human thermoregulatory sy-
stem maintains core temperature between approxima-
tely 36.5–37.5 °C through vasodilation, increased skin 
blood flow and sweat evaporation. When environmental 
and metabolic heat exceed the body’s capacity for heat 
dissipation, thermal equilibrium is lost and heat storage 
increases, producing heat strain [Cramer et al., 2022]. 
Key environmental determinants include air temperature, 
radiant heat, humidity and air velocity, often summarized 
through composite indices such as the wet bulb globe 
temperature (WBGT) [Budd, 2008].

Physiological responses to heat include dehydration, 
hemoconcentration, electrolyte imbalance, cardiova-
scular strain, reduced stroke volume and compensatory 
tachycardia. Redistribution of blood from central cir-
culation to the skin reduces splanchnic and renal per-
fusion, predisposing to ischemic injury and exertional 
rhabdomyolysis. Systemic inflammatory response, en-
dotoxemia mediated by increased gut permeability, and 
coagulopathy have been implicated in the progression 
from heat exhaustion to exertional heat stroke, which is 
characterized by central nervous system dysfunction and 
multiorgan failure [Périard et al., 2021].

At the molecular level, heat exposure induces heat shock 
proteins (HSPs), endothelial dysfunction markers and 
oxidative stress responses. Additional evidence suggests 
that neurofilament light chain (sNfL) and glial fibrillary 
acidic protein (GFAP), markers of axonal and glial injury, 
may increase following heat exposure, indicating sub-
clinical neurological involvement [Stufano et al., 2026]. 
These findings support the emerging view that heat stress 
is not limited to thermoregulatory failure but reflects a 
multisystem physiological load with potential long-term 
consequences.

3.2 Acute health effects
Acute heat-related illnesses represent the most recogni-
zed manifestations of occupational thermal stress. They 
range along a clinical severity continuum and include:

	■ heat cramps, associated with electrolyte depletion;
	■ heat syncope, resulting from peripheral vasodilation 
and reduced venous return;

	■ heat exhaustion, characterized by fatigue, headache, 

nausea and tachycardia;
	■ exertional heat stroke, defined by core temperature 
>40 °C with central nervous system dysfunction and 
potential multiorgan failure.

Exertional heat stroke represents a medical emergency 
requiring rapid cooling and supportive care, with morta-
lity reported in young, otherwise healthy workers enga-
ged in high-intensity labour under conditions of elevated 
WBGT. Exertional rhabdomyolysis has been documen-
ted in military personnel, agricultural workers and con-
struction workers during heat events, particularly when 
combined with dehydration, strenuous effort or use of 
impermeable PPE [Garcia et al., 2022].

Heat-related cardiovascular events, including arrhyth-
mias and ischemic events, have been observed during 
heat waves, likely due to increased cardiac workload 
and reduced perfusion reserve. Occupational settings in 
which PPE prevent evaporative heat loss—such as fire-
fighting, foundry operations or cleanroom environmen-
ts—exhibit elevated rates of acute thermal illness due 
to impaired sweat evaporation and increased metabolic 
burden [Marchand and Gin, 2022].

3.3 Chronic and sub-chronic health outcomes
Beyond acute illness, a growing body of evidence links 
cumulative heat exposure to chronic or sub-chronic he-
alth effects. The most widely documented is chronic ki-
dney disease of non-traditional origin (CKDnT) observed 
among agricultural workers in Central America, South 
Asia and other regions with recurrent heat exposure and 
dehydration. Repeated episodes of heat-induced renal 
ischemia and subclinical rhabdomyolysis are hypothe-
sized to drive tubulointerstitial damage, progressive de-
cline in glomerular filtration rate and, in severe cases, 
end-stage renal disease [Elinder, 2025].

Chronic heat exposure has also been associated with 
cardiovascular strain, endothelial dysfunction, and in-
creased oxidative stress markers. Neurocognitive effects 
have been reported, particularly alterations in attention, 
reaction time, memory encoding and risk perception 
[Marchand and Gin, 2022]. Biomarker studies showing 
transient increases in sNfL and GFAP post-heat exposure 
suggest potential axonal and glial vulnerability, although 
long-term implications remain uncertain [Stufano et al., 
2026]. Reproductive and pregnancy-related outcomes, 
including reduced fetal growth and increased preterm 
delivery risk during heat waves, have been documented 
among pregnant workers exposed to high thermal loads 
[Ebi et al., 2021]. Evidence also indicates that certain 
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medications—including beta-blockers, diuretics, anti-
cholinergics and psychotropics—may exacerbate heat 
intolerance, contributing to interaction effects relevant 
for clinical surveillance [Ebi et al., 2021].

3.4 Vulnerable worker populations
Vulnerability to heat stress varies according to intrinsic, 
extrinsic and occupational factors. Groups consistently 
identified as at higher risk include:

	■ older workers, due to reduced sweat output and car-
diovascular reserve;

	■ pregnant workers, due to altered thermoregulation and 
fetal sensitivity to hyperthermia;

	■ workers with chronic comorbidities (cardiovascular, 
renal, metabolic, endocrine);

	■ migrant and foreign-born workers, often exposed to 
more strenuous tasks, limited training and linguistic 
barriers;

	■ workers using specific medications affecting thermore-
gulation or hydration;

	■ workers wearing impermeable PPE, which impedes 
evaporative cooling [Brimicombe et al., 2024].

Occupational sectors frequently associated with high 
exposure include agriculture, construction, manufactu-
ring, emergency services, mining and logistics. Howe-
ver, heat stress is increasingly documented in indoor set-
tings such as industrial bakeries, commercial kitchens, 
foundries and data centers. Surveys in Italian industrial 
contexts have shown that workers often report heat di-
scomfort and perceived productivity loss during warm 
periods, yet lack awareness of clinical heat symptoms 
and preventive practices. Migrant workers may undere-
stimate heat risks but report higher perceived exertion, 
reflecting differing risk perception and communication 
patterns that have implications for workplace training 
and surveillance [Messeri et al., 2019].

3.5 Biomarkers and physiological monitoring
Heat exposure induces measurable physiological chan-
ges that can be monitored to assess thermal strain and po-
tential organ injury. Traditional monitoring relies on core 
body temperature, heart rate and sweat rate; however, re-
cent advances have identified molecular and biochemi-
cal markers reflecting endothelial dysfunction, neuronal 
injury and renal stress [Saidi and Gauvin, 2023]. Similar-
ly, increases in neurofilament light chain (sNfL) and glial 
fibrillary acidic protein (GFAP) have been observed after 
acute heat exposure, suggesting subclinical neuronal and 
glial injury and supporting epidemiological evidence of 

heat-related cognitive alterations [Stufano et al., 2026].

Biomarkers of renal stress, including serum creatinine, 
blood urea nitrogen (BUN), uric acid and urinary mar-
kers of tubular damage (NAG, KIM-1) have been reported 
among agricultural workers performing strenuous labour 
in hot climates [Laws et al., 2016]. Heart rate variability 
(HRV) has emerged as a non-invasive marker of autono-
mic stress response and may serve as a useful adjunct for 
evaluating thermal strain, particularly in workers wearing 
PPE or executing high-intensity task. Advances in wea-
rable technologies have enabled real-time monitoring 
of physiological parameters, including core temperature 
surrogates, skin temperature, heart rate and dehydration 
indices, with potential applications for individualized 
work-rest scheduling and early detection of heat illness. 
While these tools show promise, their integration into 
occupational health surveillance remains limited and re-
quires validation, standardization and clinical interpreta-
tion frameworks [Wu et al., 2021].

3.6 Occupational health surveillance and the role of 
the Occupational Physician (OP)
Occupational health surveillance represents a central 
component of heat stress prevention in clinical occupa-
tional practice. Surveillance aims to evaluate workers’ fi-
tness for exposure to thermal risk, identify susceptible in-
dividuals, monitor early signs of heat-related illness and 
implement medical and organizational interventions to 
prevent adverse outcomes. Key elements include medi-
cal history, clinical examination, assessment of comorbi-
dities, medication review, hydration status, acclimatiza-
tion level and cardiorespiratory fitness. Workers affected 
by cardiovascular disease, chronic kidney disease, endo-
crine disorders or those taking thermoregulatory-impai-
ring medications may require job modifications or medi-
cal restrictions during periods of high heat stress [Chirico 
and Magnavita, 2019].

The OP plays a pivotal role in interpreting clinical risk in 
relation to job demands. Fitness-to-work evaluations in-
tegrate thermal load (environmental and metabolic), PPE 
requirements, work organization and individual health 
status. Decision-making may include temporary restri-
ctions (e.g., “no heavy work above specific WBGT thre-
sholds”), permanent limitations (e.g., unfit for high-heat 
tasks) or enhanced monitoring during acclimatization 
periods. The concept of acclimatization is particularly 
relevant: progressive heat exposure over 7–14 days in-
creases sweat rate, plasma volume and cardiovascular 
efficiency, reducing heat illness risk. Workers returning 
from leave, newly hired individuals, migrant workers ar-
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riving from colder climates and workers following illness 
should be considered non-acclimatized and scheduled 
accordingly [Jacklitsch, 2016].

Occupational health surveillance also includes 
post-exposure evaluation for workers experiencing heat 
exhaustion, syncope or rhabdomyolysis, assessing kid-
ney function, electrolyte balance and recovery timelines 
before returning to heat-exposed work. The OP collabo-
rates with employers, OSH professionals and safety ma-
nagers to integrate medical findings into workplace pre-
ventive plans, emergency protocols and training systems. 
In Italy and other European jurisdictions, microclimatic 
risk assessment and medical surveillance requirements 
have been incorporated into technical guidance docu-
ments addressing climate-related occupational hazards 
[Tustin et al., 2021].

4. Discussion
The evidence reviewed indicates that occupational heat 
stress represents a clinically significant and increasingly 
widespread occupational hazard with multisystem impli-
cations. Historically, heat was conceptualized primarily 
as an environmental or ergonomic stressor, but growing 
clinical data support its characterization as a determinant 
of cardiovascular, renal, neurological and reproductive 
health. Acute effects such as heat exhaustion, exertional 
heat stroke and rhabdomyolysis are well documented 
and can be rapidly fatal without early recognition and 
cooling. More recently, chronic effects, particularly chro-
nic kidney disease of non-traditional origin (CKDnT), 
endothelial dysfunction and neurocognitive alterations, 
have emerged as important contributors to long-term 
morbidity among heat-exposed workers. Biomarker stu-
dies further support the biological plausibility of cumu-
lative injury through endothelial and neuronal pathways 
[Nath et al., 2026].

These findings carry direct implications for occupational 
health surveillance. Thermal exposure challenges multi-
ple physiological systems simultaneously, and susceptibi-
lity is modulated by comorbidities, medication profiles, 
age, hydration status and acclimatization level. Standard 
fitness-to-work evaluations that disregard these variables 
may underestimate clinical risk. The OP is uniquely po-
sitioned at the interface between worker health, job de-
mands and preventive planning, enabling individualized 
assessment and medical decision-making. Surveillance 
must incorporate structured anamnesis, medication re-
view, hydration and acclimatization assessment, and 
evaluation of chronic diseases that impair heat tolerance. 
Workers returning from absence, newly hired individuals 

and migrants arriving from colder environments require 
particular attention due to loss or lack of acclimatization 
[Wee et al., 2023].

Occupational heat stress also presents organizational 
and systemic challenges. As global temperatures rise, 
more work settings—including indoor environments 
previously not considered at-risk—will require micro-
climate evaluation and preventive planning. The need to 
reorganize work schedules, adopt hydration and accli-
matization protocols and modify work-rest regimens can 
conflict with productivity demands, especially in sectors 
with economic pressures or performance-based remune-
ration. For vulnerable groups such as migrant workers or 
temporary laborers, heat-related productivity loss may 
translate into real wage loss, with implications for equity 
and social protection [Morris et al., 2020].

Training and risk communication constitute another 
critical dimension. Surveys conducted in industrial sec-
tors reveal gaps in heat-related health literacy, symptom 
recognition and preventive knowledge, despite high 
subjective perception of thermal discomfort. Linguistic 
and cultural barriers may further limit risk awareness 
among migrant workers. Training content should therefo-
re be medically informed, operationally practicable and 
adapted to diverse worker populations, with the OP con-
tributing to the development of health-focused modules 
[Riccò et al., 2020].

From a policy standpoint, occupational heat stress inter-
sects with climate adaptation. Existing OSH frameworks 
were not designed with climate change in mind and often 
lack explicit heat-specific standards. Although indices 
such as WBGT and PHS are available, their translation 
into binding regulatory thresholds or mandatory surveil-
lance protocols remains uneven across jurisdictions. In 
Europe, guidance is primarily technical rather than nor-
mative, and implementation depends on employer risk 
assessment and OP judgment. Strengthening surveillance 
systems and clarifying clinical criteria for fitness-to-work 
under heat exposure may reduce ambiguity and support 
more consistent preventive practices [Bhati and Sheth, 
2026].

Future developments are likely to include expanded use 
of physiological monitoring technologies, standardized 
acclimatization protocols and integration of climatic 
early warning systems into enterprise-level preventive 
planning. Clinical research on biomarkers of heat-re-
lated injury may contribute to early detection and risk 
stratification, although validation and cost-effectiveness 
evaluations are required for routine occupational use. 
Ultimately, occupational heat stress should be viewed 
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not only as a climatic consequence but as a modifiable 
occupational health risk requiring coordinated clinical, 
organizational and policy responses.

5. Conclusions
Occupational heat stress constitutes a multidimensio-
nal occupational hazard with acute and chronic health 
implications. Evidence demonstrates that heat exposure 
affects multiple physiological systems and contributes to 
clinically relevant outcomes, including exertional heat 
stroke, renal injury, cardiovascular strain and neuroco-
gnitive alterations. Vulnerability is shaped by intrinsic 
factors such as age, comorbidities and medication use, 
and by extrinsic factors such as work organization, PPE, 
hydration and acclimatization.

Occupational health surveillance plays a central preven-

tive role. The OP is responsible for evaluating individual 
susceptibility, determining fitness-to-work in relation to 
thermal load, advising on preventive strategies and con-
tributing to worker training and emergency planning. 
Surveillance should incorporate structured anamnesis, 
targeted clinical evaluation, medication review and mo-
nitoring of acclimatization, particularly for high-risk wor-
kers and during heat waves.

As climate change increases the prevalence and inten-
sity of thermal stress, preventive strategies must evolve 
beyond traditional environmental controls to include cli-
nical, organizational and regulatory dimensions. Stren-
gthening surveillance systems, integrating physiological 
monitoring and clarifying medical criteria for work under 
heat stress will be essential for protecting worker health 
and sustaining work capacity in a warming world.
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Climate change is reshaping the environmental conditions under which work is performed worldwide, increasing oc-
cupational exposure to heat and generating implications for health, productivity and the achievement of decent work. 
This narrative review critically examines the relationship between occupational heat stress and decent work by inte-
grating epidemiological, physiological, ergonomic and economic evidence with institutional documents and technical 
materials on prevention and adaptation systems. The findings indicate that heat stress produces a spectrum of acute and 
chronic health effects – ranging from dehydration and heat exhaustion to heat stroke and exacerbation of cardiovascular 
and renal diseases – and reduces work capacity through physiological constraints and behavioural adaptations. 
Productivity loss emerges as a central mechanism mediating the labour market impacts of heat, lowering wages and 
jeopardizing job security, particularly among piece-rate and informal workers. This dynamic reinforces socio-oc-
cupational vulnerabilities and territorial inequalities, challenging multiple dimensions of the International Labour 
Organization’s decent work framework, including occupational safety, stable income, social protection and equality. 
Prevention systems grounded in the hierarchy of controls are evolving toward more complex models combining tech-
nical, organizational, medical and institutional measures, including wage compensation mechanisms, meteorological 
alert systems and adaptive governance instruments. The review concludes that occupational heat stress constitutes 
an emerging determinant of labour vulnerability and that productivity represents a key pathway through which heat 
undermines the material foundations of decent work. 
Further research is needed to quantify distributive effects, evaluate policy instruments and design protective frame-
works that integrate health, labour rights and climate resilience.

Keywords: heat stress, climate change

Il cambiamento climatico sta alterando le condizioni ambientali in cui il lavoro è svolto a livello globale, incre-
mentando l’esposizione occupazionale al calore e sollevando implicazioni rilevanti per la salute, la produttività e 
il raggiungimento del lavoro dignitoso. Questa narrative review esamina criticamente la relazione tra stress termico 
occupazionale e lavoro dignitoso, integrando evidenze epidemiologiche, fisiologiche, ergonomiche ed economiche 
con documenti istituzionali e materiali tecnici relativi a sistemi di prevenzione e adattamento. Le evidenze indicano 
che lo stress da calore produce una serie di effetti acuti e cronici sulla salute – tra cui disidratazione, esaurimento da 
calore, colpo di calore e aggravamento di patologie cardiovascolari e renali – e riduce la capacità lavorativa attraverso 
limitazioni fisiologiche e comportamentali. 
La perdita di produttività emerge come un meccanismo centrale che media gli impatti del calore sul mercato del lavo-
ro, riducendo i salari e mettendo a rischio la stabilità occupazionale, soprattutto nei lavoratori a cottimo e nel settore 
informale. Tale fenomeno amplifica vulnerabilità socio-occupazionali e disuguaglianze territoriali, minacciando più 
dimensioni del paradigma del lavoro dignitoso, inclusi sicurezza, reddito, protezione sociale e uguaglianza. I sistemi di 
prevenzione basati sulla gerarchia dei controlli si stanno evolvendo verso modelli più complessi che integrano misure 
tecniche, organizzative, mediche e istituzionali, incluse forme di compensazione salariale, sistemi di allerta meteoro-
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logica e strumenti di governance adattativa. La review conclude che gli stress termici rappresentano un determinante 
emergente di vulnerabilità lavorativa e che la produttività costituisce un nodo critico attraverso cui il calore erode i 
fondamenti materiali del lavoro dignitoso. 
Sono necessarie ulteriori ricerche per quantificare gli effetti distributivi, valutare strumenti di policy e progettare siste-
mi di protezione che integrino salute, diritti e resilienza climatica.

1. Introduction 
Climate change is reshaping the environmental condi-
tions under which work is performed worldwide, increa-
sing the frequency, duration, and intensity of heat waves 
and exposing workers to unprecedented levels of thermal 
stress. According to projections by the International La-
bour Organization (ILO), climatic degradation threatens 
both the availability and quality of employment, with 
pronounced impacts on health, productivity, income 
stability and the attainment of decent work conditions. 
In recent decades, occupational heat stress has transitio-
ned from a marginal occupational hygiene concern to 
a structural determinant of workers’ health and labour 
market vulnerability, particularly in sectors with high 
physical loads or outdoor exposure [Gao et al., 2018]. 

Thermal stress arises when environmental heat load 
exceeds the body’s capacity to dissipate metabolic heat, 
leading to physiological strain, impaired cognitive and 
physical performance, and increased risk of acute and 
chronic health outcomes. Beyond individual health ef-
fects, heat stress reduces labour productivity and increa-
ses the likelihood of errors, accidents, and absenteeism, 
generating macroeconomic costs and consequences for 
social protection systems [Cramer et al., 2022]. 

A growing body of evidence suggests that heat stress 
affects workers disproportionately across countries and 
sectors, amplifying occupational inequalities and com-
promising the foundations of decent work, especially in 
settings characterized by informal employment, limited 
access to social security, and weak institutional pro-
tections [Ferrari et al., 2023]. Simultaneously, national 
occupational safety and health (OSH) systems are at-
tempting to incorporate climate-related risks through 
new regulatory frameworks, prevention guidelines, and 
adaptive strategies at enterprise level [ILO, 2019]. 

This narrative review examines the relationship betwe-
en occupational heat stress and decent work, focusing 
on the health and productivity implications, socio-eco-
nomic determinants of vulnerability, and emerging pre-
vention and management systems. Particular attention is 
paid to technical, organizational and institutional mea-
sures – ranging from engineering controls to regulatory 
instruments – designed to protect workers and align wor-
kplaces with climate adaptation goals. 

2. Materials and Methods 
This review adopts a narrative, non-systematic methodo-
logy aimed at synthesizing multidisciplinary evidence on 
occupational heat stress and decent work. Three sources 
of information were examined: 

	■ Scientific and technical literature in the fields of oc-
cupational medicine, industrial hygiene, ergonomics, 
and labour economics, including meta-analyses on 
productivity loss due to heat strain (e.g., [Flouris et al., 
2018]). 

	■ Institutional documents and datasets from international 
organizations (ILO, WHO, IPCC), national authorities 
and OSH agencies, addressing regulatory frameworks, 
social protection and policy responses. 

	■ Technical and operational materials produced for 
professional dissemination, including technical docu-
ments on climate-related microclimate risk evaluation 
and prevention in Italian workplaces. Sources were 
selected to reflect the multidisciplinary nature of the 
research question, integrating physiological, occupa-
tional, regulatory and socio-economic perspectives.  

3. Results 

3.1 Health Effects, Productivity Loss and Decent Work 
Vulnerabilities 
Occupational heat stress arises from the combined effect 
of environmental variables – including air temperature, 
humidity, radiant heat and wind – and individual fac-
tors such as metabolic workload and clothing insulation, 
which together determine heat storage and thermore-
gulatory demand in the human body. When heat gain 
exceeds the capacity for heat dissipation through con-
vection, radiation and evaporation, thermal equilibrium 
cannot be maintained and physiological strain develops. 
The clinical consequences vary in severity, ranging from 
dehydration, cramps, syncope and heat exhaustion to li-
fe-threatening heat stroke. 

Beyond the acute manifestations, prolonged exposure to 
high thermal environments can exacerbate cardiovascu-
lar, renal and respiratory conditions, pose additional risks 
during pregnancy, and impair cognitive functions such 
as judgment, reaction time and risk perception, thereby 
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increasing the incidence of occupational injuries and ac-
cidents [Flouris et al., 2024]. 

These physiological constraints translate directly into re-
duced work capacity and diminished labour productivi-
ty. Evidence indicates that productivity begins to decline 
at temperatures exceeding 24–26 °C, while at approxi-
mately 33–34 °C moderate-intensity tasks may be per-
formed at only half of normal capacity [De Sario et al., 
2023]. Field studies involving workers across multiple 
climatic regions have shown that extreme heat may result 
in substantial hours of effective work lost – for example, 
up to 3.4 hours in an eight-hour shift at 36 °C WBGT 
– demonstrating the tangible economic implications of 
thermal strain at the enterprise level. 

At macro scale, projections from the International Labour 
Organization suggest that climate-driven heat stress may 
reduce total working hours by around 5 per cent in South 
Asia and 4.8 per cent in West Africa by 2030, correspon-
ding to more than 52 million full-time job equivalents. 
These impacts are concentrated in sectors requiring high 
metabolic output or prolonged outdoor exposure, such 
as agriculture, construction, logistics, mining, emergen-
cy response and components of the informal urban eco-
nomy [Han et al., 2024]. 

Heat stress thus interacts with labour market structures, 
magnifying existing inequalities and producing multidi-
mensional vulnerabilities. Countries with high levels of 
informal employment, limited social protection covera-
ge and weaker enforcement of occupational safety and 
health regulations are disproportionately affected, as 
workers often lack both institutional safeguards and bar-
gaining mechanisms to negotiate adaptation measures, 
income protection or medically prudent work-rest cycles 
[Ioannou et al., 2022]. Vulnerability is further shaped by 
socio-demographic variables: migrant workers, women 
and older individuals may exhibit reduced tolerance to 
heat or face barriers to acclimatization, healthcare ac-
cess or job reassignment. 

Finally, sectoral patterns of exposure reinforce dispari-
ties, with outdoor and high-metabolic occupations expe-
riencing the most pronounced losses in both health and 
productivity [Liang et al., 2025]. 

Taken together, these dynamics demonstrate how heat 
stress challenges core dimensions of the International La-
bour Organization’s decent work framework. By degra-
ding working conditions, undermining worker health and 
safety, reducing and destabilizing income, and widening 
inequality between and within countries, occupational 
heat stress threatens the material and social foundations 
of dignified employment in a warming climate. 

3.2 Prevention, Control Measures and Institutional 
Adaptation to Occupational Heat Stress 
The prevention and management of occupational heat 
stress requires a multi-layered strategy grounded in the 
hierarchy of controls. When elimination or substitution 
of a thermal hazard is not technically feasible, effective 
prevention must rely on the coordinated application of 
engineering controls, administrative controls, personal 
protective equipment (PPE), training, health surveillance, 
and emergency planning. In the context of climate chan-
ge, such workplace-level interventions must increasingly 
be integrated with meteorological alert systems, business 
continuity measures, and institutional instruments ca-
pable of supporting both workers and enterprises during 
periods of acute thermal stress [WHO and WMO, 2025]. 

Engineering controls constitute the most effective cate-
gory of intervention after hazard elimination, as they ei-
ther reduce thermal load at its source or facilitate heat 
dissipation from the worker’s body. Environmental coo-
ling systems – such as mechanical ventilation, air condi-
tioning, evaporative cooling and dehumidification tech-
nologies – have proven particularly effective in enclosed 
and semi-enclosed environments characterized by limi-
ted air flow. Heat transfer can also be modulated throu-
gh convective management, which depends on the rela-
tionship between air temperature and skin temperature 
(Ta vs. Tsk): when Ta is lower than Tsk, increased airflow 
promotes convective heat loss, whereas when Ta exceeds 
Tsk, reducing airflow prevents heat gain and preserves 
evaporative efficiency [Torbat Esfahani et al., 2024]. Ra-
diant heat control can be achieved by shielding, insu-
lating or cooling hot surfaces and industrial processes; 
field studies report reductions in radiant thermal load 
of up to 80–85% when protective shielding systems are 
employed. Additional strategies include the reduction 
of vapor pressure through ventilation, cooling towers 
or dehumidification, thereby improving sweat evapo-
ration efficiency. Thermally efficient construction mate-
rials – such as vacuum insulation panels, phase-change 
polymers, high-performance glazing and reflective co-
atings – help stabilize indoor temperatures and reduce 
internal heat gain, while nature-based cooling solutions 
(e.g., shading vegetation, green roofs, vertical greenery 
systems) contribute to workplace well-being and mitigate 
urban heat island effects [Chen et al., 2025]. 

Localized cooling modalities, including cooled recovery 
stations, cold rooms and portable blowers, create pro-
tected micro-zones for physiological recovery and may 
be decisive in high-intensity tasks. Finally, automation 
and robotics can reduce workers’ metabolic load by 
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mechanizing physically demanding tasks, particularly 
in sectors where manual handling remains prevalent. 
These engineering controls are especially relevant in 
work settings characterized by high metabolic intensity 
and the use of impermeable PPE – such as firefighting, 
mining, foundry operations and agricultural fieldwork – 
where passive strategies alone are insufficient [Barr et 
al., 2011]. 

Administrative controls complement engineering me-
asures by reorganizing work processes to reduce heat 
exposure or enhance physiological adaptation. The-
se interventions include work-rest cycles calibrated to 
thermal indices such as the wet bulb globe temperature 
(WBGT), structured hydration programs, heat acclimati-
zation protocols, training and risk communication, tem-
poral modification of work schedules, job rotation and 
task reassignment, fitness enhancement strategies and, 
in some cases, temporary limitation or prohibition of 
work during high-risk periods. Hydration strategies are 
fundamental to maintaining thermal homeostasis but 
often prove suboptimal in real work contexts [Khorshid 
and Song, 2025]. Evidence supports the adoption of 
pre-shift electrolyte intake, continuous hydration during 
activity and simple assessment tools such as urine co-
lor charts to monitor hydration status. Work-rest cycles 
reduce internal heat storage and provide opportunities 
for fluid replacement and cardiovascular recovery; for 
moderate-intensity tasks, breaks of 10–15 minutes per 
hour may be required at 29°C WBGT, with proportio-
nally longer interruptions at higher temperatures. Accli-
matization protocols facilitate physiological adaptation 
over exposure periods of one to two weeks, significant-
ly lowering cardiovascular strain and hyperthermia risk; 
workers without recent heat exposure (≥3 weeks) must 
be classified as non-acclimatized and progressively 
returned to full workload, beginning at approximately 
20% and increasing incrementally over 14 days [Li 
et al., 2024]. Fitness enhancement programs improve 
heat tolerance by increasing cardiovascular efficiency 
and sweat capacity, contributing to reduced heat illness 
risk. Temporal adaptation strategies, such as shifting 
work to cooler hours, are widely used but require ca-
reful assessment, as night work may introduce additio-
nal occupational hazards (e.g. fatigue, injury risk, sleep 
deficit) and may be moderated by persistent nocturnal 
heat retention in urban heat island environments [Gib-
son et al., 2020]. Surveillance and monitoring systems 
enable the identification of high-risk tasks – such as tho-
se exceeding 500 W metabolic rate, involving imper-
meable PPE or characterized by elevated radiant loads 

– and can be supported by physiological monitoring of 
core temperature, heart rate and hydration status un-
der medical oversight. Even low-cost interventions such 
as buddy-monitoring schemes can significantly enhan-
ce early symptom recognition when accompanied by 
proper training. Administrative controls are particularly 
indispensable in sectors where environmental modifi-
cations are constrained by the nature of the work, inclu-
ding agriculture, construction, logistics and emergency 
services [Notley et al., 2018]. 

PPE constitutes the least preferred layer in the hierarchy 
of controls but remains essential in numerous high-me-
tabolic and industrial contexts. Recent technological 
advancements include cooling garments, phase-change 
vests, microclimate liquid cooling systems and brea-
thable textiles designed to reduce evaporative resistan-
ce. Concurrently, wearable sensors capable of conti-
nuously monitoring physiological and environmental 
parameters are emerging as promising tools for adapti-
ve work pacing and early detection of heat illness [Sai-
niyom et al., 2026]. 

Training and risk communication are recognized as 
foundational components of effective heat prevention 
strategies. Evidences highlight persistent gaps in risk 
awareness among employers and workers and identifies 
key elements of training programs, including the reco-
gnition of heat-related illness, hydration management, 
acclimatization procedures, understanding of worker 
rights and employer duties and the development of 
workplace emergency response protocols. Surveillance 
data indicate that communication failures remain wi-
despread: 83% of Italian workers surveyed reported not 
receiving heat alerts from employers [Bonafede et al., 
2022] 

Finally, emergency planning ensures timely recognition 
and treatment of heat illness. Effective plans are increa-
singly integrated with meteorological alert systems, na-
tional risk maps and specialized digital platforms such 
as WORKLIMATE, which provides three- to five-day 
heat risk forecasts tailored to work environments. At the 
institutional level, adaptation is further supported by 
wage compensation mechanisms, interministerial pro-
tocols involving social partners, and supranational re-
gulatory frameworks such as Directive 89/391/EEC, all 
of which contribute to systemic resilience and equitable 
allocation of climate-related occupational risk [Morabi-
to et al., 2019]. 
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4. Discussion  
The findings presented in this review indicate that heat 
stress represents not only an occupational safety and 
health challenge but also a determinant of socioecono-
mic vulnerability with implications for the achievement 
of decent work. In line with previous analyses, occu-
pational heat strain is consistently associated with re-
duced work performance, involuntary work-rest cycles, 
task interruption, increased recovery time and sickness 
absence. Flouris et al. quantified these effects in a sy-
stematic review including 447 million workers across 
30 countries, estimating that 30% of exposed workers 
report productivity losses during or at the end of a work 
shift under heat stress conditions. These data reinforce 
the notion that productivity impairment is not simply a 
secondary consequence of heat exposure but rather a 
core mediating pathway through which heat undermi-
nes health, safety, income and ultimately workers’ auto-
nomy [Flouris et al., 2018]. 

The broader macroeconomic dimension of productivity 
loss has been highlighted by the International Labour 
Organization, which estimated that heat stress will re-
sult in a 2.2% reduction of total working hours global-
ly by 2030 – equivalent to approximately 80 million 
full-time jobs under a 1.5°C warming scenario. The ILO 
emphasizes that such losses disproportionately affect 
sectors with high physical intensity, particularly agricul-
ture and construction, which are characterized by high 
informality, low social protection coverage and high de-
cent work deficits. The same report notes that producti-
vity impairment constitutes one of the most serious eco-
nomic impacts of climate change on labour markets, 
with projected global losses amounting to USD 2.4 tril-
lion by 2030 [ILO, 2019]. 

From a decent work perspective, productivity loss re-
presents a critical mechanism through which heat stress 
jeopardizes workers’ wellbeing. First, reduced producti-
vity translates into lower wages or earnings for piece-ra-
te and informal workers, who represent a substantial 
proportion of the workforce in low- and middle-income 
countries. Second, heat-driven productivity impairment 
undermines job security and sustainable enterprise per-
formance – two foundational pillars of decent work. 
Third, when productivity declines occur in subsisten-
ce agriculture, they can generate cascading effects on 
household food security, intergenerational wellbeing 
and rural development trajectories. The ILO report de-
monstrates that the highest projected productivity losses 
coincide with countries exhibiting the highest prevalen-
ce of informal work and working poverty, suggesting 

that heat stress acts as a risk multiplier for existing social 
and labour market inequalities [ILO, 2019]. 

Importantly, productivity loss also functions as a beha-
vioural adaptation strategy. Workers’ natural compen-
satory response to heat – slowing work pace, extending 
breaks, and avoiding hazardous thermal strain – serves 
as a protective mechanism but simultaneously reduces 
economic output and income. Such adaptation, whi-
le protective in physiological terms, externalizes the 
economic burden onto workers and enterprises rather 
than onto systemic benefits to health and safety. This 
dynamic highlights a tension between physiological 
resilience and socioeconomic vulnerability which, if 
unaddressed, erodes the substantive content of decent 
work [Parsons et al., 2021]. 

At the OSH system level, these findings call for a refra-
ming of heat stress from a discrete workplace hazard to 
a structural determinant of labour market capacity. As 
climate change increases the frequency of high-WBGT 
days, conventional heat prevention measures – training, 
hydration, acclimatization and PPE – remain necessary 
but insufficient without work organization reforms and 
socioeconomic protection instruments. Technical and 
administrative measures, as documented earlier in this 
review, mitigate physiological strain but cannot fully 
compensate for productivity displacement at the sectoral 
scale. In this regard, meteorological alert systems, wage 
compensation schemes, collective agreements and pu-
blic social protection instruments become critical adap-
tation tools [El Khayat et al., 2022]. 

Policy instruments that internalize the costs of thermal 
adaptation – for instance, through sectoral collective 
bargaining, fiscal incentives for enterprise adaptation or 
social protection extensions – are aligned with the ILO’s 
conception of decent work as integrating both econo-
mic productivity and workers’ rights. Conversely, policy 
models that allow productivity losses to be absorbed so-
lely by workers risk exacerbating labour precarity, wage 
stagnation and poverty traps in climate-vulnerable eco-
nomies [Riesco-Sanz, 2026]. 

Conclusions 
In conclusion, occupational heat stress constitutes a 
multidimensional threat to decent work, acting through 
intersecting health and productivity pathways. While 
the health impacts of heat strain – acute kidney injury, 
heat exhaustion, heat stroke – are well-established, the 
productivity dimension appears to be the most conse-
quential for labour markets and workers’ livelihoods. 
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The evidence suggests that productivity loss is not me-
rely a side effect but a central mechanism through whi-
ch heat stress undermines economic sustainability, so-
cial protection and occupational dignity. 

Future research should focus on quantifying producti-
vity losses across different regulatory environments, 
assessing the distributive effects of adaptation policies, 

and designing heat governance frameworks that align 
OSH systems with labour rights, climate adaptation and 
socioeconomic development objectives. Without such 
integration, climate-related heat stress risks transforming 
from a physical hazard into a structural driver of labour 
market inequity. 
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Climate change is intensifying heat exposure, with mounting evidence of adverse health impacts. Heat exposure is as-
sociated with both acute illnesses and chronic outcomes. Occupational settings represent a major context of concern, 
affecting both outdoor and indoor workers, and contributing not only to health effects but also to increased accident 
risk and reduced productivity.
In Italy, the principal legal framework for occupational health and safety is Legislative Decree No. 81/2008, which in-
cludes microclimate among physical agents but does not provide a dedicated section on thermal risk, clear definitions 
of microclimate-related risk, exposure limit values, or standardised sampling/measurement methods. As a result, risk 
management relies on general preventive obligations (e.g., employer risk assessment, exposure reduction, protection 
of vulnerable workers, training, and health surveillance) and on technical guidance and international standards. 
Against this background, the overview critically examines two cornerstone approaches within ISO standardisation: 
the Wet Bulb Globe Temperature (WBGT; ISO 7243) and the Predicted Heat Strain (PHS; ISO 7933). WBGT, devel-
oped in the 1950s from military heat-illness prevention efforts, is widely used as a practical screening index. ISO 7243 
specifies measurement principles and representative sampling periods and incorporates adjustments for clothing via 
Clothing Adjustment Values (CAV) and for metabolic rate (ISO 8996), while considering acclimatisation. However, 
WBGT does not predict individual physiological responses, its reference limits primarily address body temperature 
rise, and it has recognised constraints in environments with high humidity/low air movement and for vulnerable work-
ers; instrumentation choices can also introduce error.
PHS emerged from revisions to the earlier Required Sweat Rate approach and is presented in ISO 7933 as an iterative 
heat-balance model estimating physiological strain in “average” healthy workers. It requires environmental inputs, 
metabolic rate, and clothing characteristics, and outputs a maximum allowable exposure time based on limits for de-
hydration and core (rectal) temperature, incorporating acclimatisation effects on sweating capacity. Strengths include 
its analytical, physiologically grounded structure; limitations include reduced applicability with protective clothing 
(≈1 clo), unsteady conditions, variable workloads, and changing clothing, as well as operational complexity and reli-
ance on specialised software. Several studies have proposed adaptations of PHS for specific populations and sectors.
Overall, WBGT and PHS remain important but non-exhaustive components of heat-risk management. Future tools 
should be physiologically robust, operationally usable, valid across climates, adaptable to clothing and worker vul-
nerability, and linked to actionable, hierarchical control measures, while clarifying implications for health, work 
organisation, productivity, and economic outcomes.

Keywords: occupational heat stress indeces, WBGT Index:

Il cambiamento climatico sta intensificando l’esposizione al caldo e i lavoratori rappresentano uno dei gruppi più 
esposti, con aumento di patologie acute, effetti cronici cardiovascolari, respiratori e renali, maggiore rischio di infortuni 
e riduzione della produttività. In Italia, il D.Lgs. 81/2008 include il microclima tra gli agenti fisici, ma non definisce in 
modo specifico il rischio termico né fornisce valori limite di esposizione e metodiche standardizzate di misura, ren-
dendo necessario il ricorso a fonti tecniche e agli standard internazionali. Questa panoramica analizza criticamente 
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i due approcci più consolidati in ambito ISO: il Wet Bulb Globe Temperature (WBGT; ISO 7243) e il Predicted Heat 
Strain (PHS; ISO 7933). Il WBGT è uno strumento di screening semplice, basato su misure ambientali e sull’integra-
zione di abbigliamento e metabolismo, ma non predice la risposta fisiologica individuale e mostra limiti in specifiche 
condizioni climatiche e nei soggetti vulnerabili. Il PHS è un modello analitico avanzato basato sul bilancio termico, 
che stima il tempo massimo ammissibile di esposizione, ma risulta più complesso e meno applicabile in condizioni 
transitorie, con carichi variabili e con indumenti protettivi. Nel complesso, WBGT e PHS sono strumenti complemen-
tari ma non esaustivi.

Introduction
Human activities have been causing global warming, prin-
cipally through the increase of greenhouse gas emissions. 
In 2024, the global mean annual near-surface tempera-
ture exceeded for the first time more than 1.5 °C above 
the 1850–1900 pre-industrial average. [Romanello et al., 
2025].

The increasing centrality of the health impacts of clima-
te change is documented by a continuously expanding 
scientific output, with 56996 articles published between 
1990 and 2024 on this topic. [Romanello et al., 2025]. 
Epidemiological studies have shown that heat exposure 
can lead to acute health effects, including heat exhaustion 
and heat stroke, as well as to chronic adverse outcomes, 
with increased risks of morbidity and mortality from car-
diovascular events, respiratory conditions and kidney di-
sease. [Gauer and Meyers, 2019]. Adults over 65 years, 
infants younger than 1 years [Romanello et al., 2025], pre-
gnant women and their fetuses [Marudo et al., 2025], as 
well as people with pre-existing chronic diseases [Ali et 
al., 2025], are among the groups most vulnerable to the 
health effects of heat stress.

Heat exposure has long been a major concern for several 
worker populations, including both outdoor workers, such 
as those employed in construction and agriculture, and 
indoor workers such as those employed in manufacturing 
industry. An increased number of accidents and reduced 
productivity are further effects caused by exposure to heat 
in the workplace. [Shulte et al., 2023].

The main legislative reference in the field of occupational 
health and safety in Italy is the Legislative Decree No. 81 
of 9 April 2008. Within this framework, microclimate is 
identified among the physical risk agents (Title VIII), howe-
ver, the decree does not include a specific section devoted 
to the thermal risk and does not clearly define the micro-
climate risk. It is therefore necessary to refer to the general 
prevention measures mandatory for all the physical risk 
agents as the provisions governing risk assessment by the 
employer (Art. 181), the elimination or reduction to the 
lowest possible level of risks arising from exposure (Art. 
182), the protection of particularly vulnerable workers (Art. 
183), the provision of information and training to workers 

(Art. 184), the implementation of all medical examinations 
required by occupational health surveillance for exposed 
workers (Art. 185), and the consequent establishment of 
an individual health and risk record by the occupational 
physician (Art. 186). [D.lgs.,81/2008]. Decree 81/08, mo-
reover, does not provide exposure limit values or standar-
dised sampling/measurement methodologies. 

Microclimate risk has been defined as the set of environ-
mental parameters that locally characterise the environ-
ment in which an individual lives and works and which, 
together with individual parameters such as the metabolic 
activity related to the work task and the thermal resistance 
of clothing determined by the characteristics of the gar-
ments worn, govern heat exchange between the subject 
and the surrounding environment. [INAIL, 2026].

Among the numerous heat stress indices proposed over 
the past decades, the Wet Bulb Globe Temperature 
(WBGT) remains one of the most widely used occupatio-
nal heat stress indices worldwide, whereas the Predicted 
Heat Strain (PHS) is currently considered the most develo-
ped analytical method for predicting heat-related physio-
logical strain in workers. In the framework of international 
standardisation (ISO), WBGT is primarily intended for heat 
stress screening (ISO 7243), while PHS is recommended 
for the assessment of both heat stress and strain, together 
forming the basis for comprehensive heat stress manage-
ment (ISO 7933). [Gao et al., 2018].

In Italy, the use of the WBGT and PHS indices for the as-
sessment of occupational heat stress risk is supported by 
multiple technical and institutional sources, among which 
the most recent and authoritative are the INAIL “Conosce-
re il rischio” fact sheet [Bevilacqua and Piccioni, 2024] 
and the “Guidance document for the protection of wor-
kers from heat and solar radiation” issued in 2025 by the 
Conference of the Regions and Autonomous Provinces. 
[Conferenza delle Regioni e delle Province Autonome, 
2025].

This overview critically examines the WBGT and PHS 
indices as approaches to occupational heat stress risk 
assessment, outlining their historical development and 
practical use, and highlighting their main advantages and 
key limitations.
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WBGT Index: Historical Development and 
Methodological Approach
WBGT was conceived and developed in the early 1950s 
as part of a sustained and programmatic effort to prevent 
and control heat-related illness in the U.S. Army and Ma-
rine Corps training camps. The index was developed to 
avoid the elaborate procedure with acknowledged limi-
tations of determining the Effective Temperature Revised 
(ETR). This procedure was based on a nomogram that 
provided an empirical description of how humidity and 
air movement influence thermal sensation and physiolo-
gical strain over a broad range (0–66 °C) of air temperatu-
res, and it also incorporated the radiant heat component. 
[Budd, 2008; Parsons, 2006] The first use of WBGT index 
experience, together with the underlying methodologi-
cal framework, was formally documented in the study 
by Yaglou and Minard published in 1957. [Yaglou and 
Minard, 1957].

Today, WBGT index is described in ISO 7243, first publi-
shed in 1982 [Parsons, 2006] and currently available in 
its 2017 revision. ISO 7243 presented WBGT as a sim-
ple screening method for the assessment of heat stress to 
which a person may be exposed over a working day (up 
to 8 h). The WBGT index combines two derived para-
meters: the natural wet-bulb temperature (tnw) and the 
globe temperature (tg). When the sensors are influenced 
by direct solar radiation, the contribution (weighting) of 
globe temperature is reduced by including the air tempe-
rature (ta) in the calculation. The measurements of the-
se parameters are applied using the following equations 
[ISO 7243:2017]:

	■ without solar load:	 WBGT= 0.7 tnw + 0.3 tg
	■ with solar load:	 WBGT= 0.7 tnw + 0.2 tg + 0.1 ta 

According to ISO 7243, WBGT measurements are typi-
cally carried out over a time window of approximately 
one hour, selected to be representative of the worker’s 
exposure. The standard recommends that assessments be 
performed during the period of the year when heat stress 
is most likely to occur, namely the hot summer season. 
For the same reason, within the work shift the represen-
tative measurement period should preferably correspond 
to the hottest part of the day, or more generally to the 
time interval during which exposure is most likely to in-
duce heat stress. [ISO 7243:2017].

In the assessment of heat stress using the WBGT index, 
the effect of clothing is explicitly considered. Specifically, 
the evaluation is based on the effective WBGT (WBGTeff), 
which is obtained by adding the measured WBGT value 
to a Clothing Adjustment Value (CAV). The CAV accounts 

for the thermal and evaporative properties of the clothing 
ensemble worn by the worker and is provided within the 
standard (Annex F). When a CAV is not directly available 
for a specific clothing ensemble, it may be estimated by 
referring to clothing with similar properties; in this con-
text, the relevant clothing characteristics are described in 
ISO 9920. [ISO 7243:2017] This adjustment allows the 
WBGT index to better reflect the actual heat strain expe-
rienced by the individual under real working conditions, 
particularly when clothing differs from the reference light 
workwear assumed in the original WBGT formulation. 
However, ACGIH specifies that CAV values must not be 
used for completely encapsulating suits, often referred to 
by OSHA as Level A ensembles. [ACGIH, 2024].

The heat produced in the human body is a determining 
factor in overall heat stress. Consequently, when interpre-
ting the results obtained from WBGT-based assessments, 
it is essential to evaluate the worker’s metabolic rate. ISO 
7243 explicitly refers to a classification defined in ISO 
8996, ranging from rest to low, moderate, high, and very 
high metabolic rates. ISO 8996 provides standardised 
methods for estimating metabolic rates and describes 
the level of physical effort associated with different work 
activities.

The interpretation of the WBGTeff results, applicable to 
workers in good health and fit for the tasks performed, 
should take into account the individual’s acclimatisation 
status and metabolic rate; it is typically carried out by 
comparing the WBGTeff with the tabulated reference li-
mit values provided by the ISO 7243 standard. Acclima-
tisation is defined as a condition in which the worker 
“has been exposed to the hot working conditions for at 
least one full working week immediately prior to the as-
sessment period”. [ISO 7243:2017] The American Con-
ference of Governmental Industrial Hygienists (ACGIH) 
likewise provides screening criteria for the interpretation 
of WBGTeff results, which also consider the work–rest 
pattern. [ACGIH, 2024] Alternatively, when a more accu-
rate estimate of metabolic load is available, the equations 
specified in the ISO standard may be applied:

	■ WBGTeff reference value (WBGTref) for acclimatised 
people

WBGTref =56.7-11.5 log10 (M)

	■ WBGTeff reference value (WBGTref) for unacclimatised 
people 

WBGTref =59.9-14.1 log10 (M) [ISO 7243:2017]

Where M is the metabolic rate in watts [W].
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PHS method: Historical Development and 
Methodological Approach
The standard ISO 7933:2023, entitled “Ergonomics of 
the thermal environment - Analytical determination and 
interpretation of heat stress using calculation of the pre-
dicted heat strain”, was first published in 1989. [ISO 
7933:2023] In its original version, the standard was focu-
sed on the Required Sweat Rate (Swreq) approach, which 
attracted substantial criticism in the scientific literature, 
primarily due to the methodological limitations and the 
perception that the procedure was insufficiently practical 
for routine field application. In response to these shor-
tcomings, a joint research programme involving eight 
major European research groups in the field of thermal 
ergonomics was launched with support from the Euro-
pean Union, with the aim of revising and improving an 
analytical framework that would be both physiological-
ly sound and operationally usable for the assessment of 
occupational heat stress. This work ultimately led to the 
development of the PHS index. [Malchaire et al., 2001]

Within ISO 7933, the PHS is presented as an iterative 
computational model for the analytical determination 
and interpretation of heat stress experienced by an “ave-
rage” person exposed to hot environments. In fact, the 
method is not intended to predict the physiological re-
sponse of a specific individual; instead, it provides a 
standardised reference based on predefined assumptions 
and is therefore applicable to workers in good health and 
fit for the task performed. [ISO 7933:2023].

The PHS model is based on the body’s thermal energy ba-
lance and requires input parameters describing the ther-
mal environment, namely air temperature (ta), mean ra-
diant temperature (tr), water vapour partial pressure (pa), 
and air velocity (va). In addition, it requires the metabo-
lic rate, measured or estimated in accordance with ISO 
8996, and the static thermal characteristics of clothing, 
measured or estimated according to ISO 9920. The PHS 
provides the maximum allowable exposure time, defined 
as the duration within which physiological strain, expres-
sed in terms of cumulative water loss and predicted rectal 
temperature, remains acceptable for 95% of the exposed 
population. Specifically, the maximum dehydration and 
water loss compatible with the maintenance of normal 
physiological function for working population (Dmax) is 
set at 3% of body mass for individuals without access to 
fluids and 5% for those with access to fluids, while the 
maximum rectal temperature (tre,max) is set at 38 °C. 
Acclimatsation status is a major determinant of thermore-
gulatory capacity and is incorporated in the model throu-
gh two parameters that differ between acclimatised and 

non-acclimatised individuals: the maximum sweat rate 
(Sw max), set at 400 W·m-² for non-acclimatised subjects 
and 500 W·m-² for acclimatised subjects, and the maxi-
mum fraction of skin wittedness (wmax), set at 0.85 for 
non-acclimatised individuals and 1.0 for acclimatised in-
dividuals. Once the limit values are reached, evaporative 
heat loss cannot increase further; consequently, when the 
evaporative heat loss required to maintain thermal balan-
ce exceeds the achievable evaporative capacity, excess 
heat tends to accumulate in the body, driving progressi-
ve increases in internal temperature and water loss until 
the model’s limiting criteria are met and the maximum 
allowable exposure time is reached. [ISO 7933:2023].

Strengths and limitations of the WBGT index 
The WBGT is a relatively simple index to measure and 
easy to apply. This simplicity has substantially contributed 
to its widespread adoption considering that even today, 
approximately 70 years after its introduction, it remains 
among the most frequently used tools for occupational 
heat stress assessment and scientific research. Moreo-
ver, even in the presence of heat exposure characterised 
by spatial and/or temporal variability, WBGT allows the 
thermal environment to be assessed using representative 
measurement periods, typically around 1 h, for which 
appropriate adjustments can be made to account for ob-
served variations. WBGT, however, should be employed 
as a screening index. Moreover, it does not predict the 
human thermophysiological response and its reference 
limits were designed to reduce the risk of heat-related 
illness only in terms of increases in body temperature. 
Finally, this index is intended for healthy workers who 
are fit for the tasks performed during a full working day 
(up to 8 h), so that more vulnerable worker groups, such 
as workers with underlying health conditions and pre-
gnant women, are not adequately accounted within this 
framework. [ISO 7243:2017].

Several studies have further highlighted that the applica-
tion of WBGT is constrained in environments characteri-
sed by high humidity and low air movement. Budd noted 
that the fixed weighting (0.7) assigned to the tnw, a para-
meter strongly influenced by humidity, may be excessive 
at low ambient temperatures and inadequate at higher 
temperatures. [Budd, 2008]. The same study also repor-
ted that WBGT values may change only minimally even 
with substantial variations in air velocity, that is associa-
ted with different thermal perception and potential phy-
siological effects. Finally, Budd highlighted that the use 
of non-standard instrumentation or surrogate equations 
aimed at estimating tg from other thermal indices should 
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be avoided, because it may introduce additional sources 
of error in WBGT computation. [Budd, 2008]

Strengths and limitations of the PHS method 
The PHS method can be regarded as one of the most 
advanced analytical approaches currently available for 
anticipating potential health risks associated with wor-
king in hot environments. [Parsons, 2013] It is com-
monly identified as a second-level index, intended for 
more detailed and in-depth assessments following preli-
minary screening. [ISO 7243:2017]. The ISO 7933 itself, 
however, explicitly acknowledges several methodologi-
cal and applicability limitations of the PHS framework. 
In particular, the model is not applicable when special 
protective clothing is worn, with an applicability limit 
set at approximately 1 clo for clothing thermal insula-
tion. In fact, under such conditions, heat and moisture 
transfer processes may deviate substantially from the as-
sumptions embedded in the model. In addition, PHS has 
not been validated for scenarios characterised by unste-
ady environmental thermal conditions, variable meta-
bolic rates, and/or changing clothing ensembles, and it 
should therefore be applied cautiously whenever these 
inputs vary markedly over time. Finally, the standard is 
intended to predict the physiological response of “ave-
rage” individuals in good health and fit for the work per-
formed, thereby excluding from the scope of assessment 
more vulnerable worker groups who may nonetheless be 
exposed in real occupational settings. [ISO 7933:2023].

From an operational standpoint, PHS can be difficult to 
implement, as its proper use requires specialised per-
sonnel and typically relies on dedicated software tools 
to perform the iterative calculations underlying the mo-
del.

In recognition of these constraints, several studies have 
proposed modified versions of the PHS model to impro-
ve its performance in specific populations and occupa-
tional scenarios. Du et al. developed a variant calibra-
ted on Chinese workers exposed to hot environments, 
reporting that the original model, largely derived from 
European laboratory and field data, could mispredict 
core temperature and sweat loss in that population. [Du 
et al., 2019]. Lazaro and Momayez in 2020, and Wang 
et al. more recently further adapted PHS for hot un-
derground mining, including hot–humid settings with 
high air velocities [Lazaro and Momayez, 2020; Wang 
et al., 2025], whereas Zhang et al. modified the model 
to account for wet and dynamic thermal insulation in 
high-protection ensembles such as firefighters’ clothing. 
[Zhang et al., 2022].

Conclusions
The assessment of occupational heat stress still relies lar-
gely on tools that are, on the one hand, highly generali-
sed and, on the other, operationally demanding. The two 
most established approaches, WBGT and PHS, provide a 
useful reference framework for estimating heat environ-
mental exposure and assessing the physiological risk, yet 
they were developed based on simplifying assumptions 
that only partially reflect the complexity of the real-wor-
ld occupational settings. In this sense, the constraints in 
accurately estimating metabolic workload and clothing 
insulation could easily lead to a not adequate estima-
tion of the two indeces. Moreover, their applicability may 
be reduced in workplaces characterised by time-varying 
exposures, especially when heat loads fluctuate over 
short durations, and they remain limited when protective 
clothing is worn, for which standard formulations and 
adjustments may be insufficient or not applicable. Con-
sequently, these approaches may fail to represent the 
full heterogeneity of a progressively changing work. Fi-
nally, their reliance on assumptions that primarily reflect 
healthy workers who are fit for the task performed fails 
to protect the specific vulnerabilities of certain worker 
groups. In the context of ongoing global warming and the 
projected increases in the frequency, intensity, and dura-
tion of heatwaves, these limitations are likely to become 
even more consequential. 

According to Gao et al., in the context of climate change, 
the scientific community has progressively outlined the 
key features that future heat stress assessment tools should 
possess. [Gao et al., 2018] In fact, such tools should re-
main valid in high-risk climatic zones, be interpretable 
and translatable into operational decision-making, and 
be acceptable and accessible for field application. Mo-
reover, it crucial to explicitly link the assessment outco-
mes to flexible and hierarchical control measures that 
account for worker vulnerabilities, grounding indices in 
a robust physiological and physical thermal framework 
applicable to both hot–dry and hot–humid conditions, 
and allowing for a wide range of clothing adjustments, 
including the use of protective ensembles. In addition, it 
is important to emphasised that an applicable heat stress 
index should be feasible and accurate across a relevant 
spectrum of environmental and metabolic conditions, 
reflect the worker’s actual exposure, and define exposure 
limits consistent with other physiological and/or psycho-
logical responses apart from the heat strain, as the chro-
nic health effects, while also making clear the practical 
implications for work activities, including effects on pro-
ductivity and economic outcomes. [Gao et al., 2018].
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Against this background, WBGT and PHS should be 
regarded as important but non-exhaustive components 
of a broader heat-risk management strategy, rather than 
stand-alone solutions. Future efforts should focus on 
refining these indices through improved calibration for 
diverse populations and occupational settings, and on in-
tegrating them with physiological monitoring, task- and 
sector-specific information, and occupational health sur-

veillance. In parallel, it is reasonable to envisage that the 
scientific community may progressively work towards 
the development of new heat-stress indices that better 
address the key limitations of current approaches, while 
retaining the ability to provide both a general characte-
risation of the thermal environment and, where needed, 
a more individualised appraisal of heat strain and risk.
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Risk communication is a key component of risk analysis, together with risk assessment and management. It involves 
sharing information and perspectives about risks from industrial, environmental, and human activities with stakehold-
ers and decision-makers. Effective communication requires addressing risk perception, which depends on psycho-
logical, social, and cultural factors. In the context of climate change, increasing public and occupational awareness 
of health risks—especially heat-related ones—is essential. Although awareness of climate-related hazards is growing, 
significant gaps persist in education and training, particularly among workers exposed to high temperatures. Outdoor 
workers and those wearing protective clothing are especially vulnerable to heat stress and heat stroke. Therefore, 
proactive communication and long-term prevention strategies must be implemented to strengthen climate resilience. 
Structured heat stress training programs should educate both workers and supervisors before exposure to hot condi-
tions, covering the recognition of symptoms, preventive behaviors, appropriate use of PPE, non-occupational factors 
affecting heat tolerance, acclimatization, and emergency response. Ultimately, integrating risk communication, edu-
cation, and preventive training represents a central strategy to protect workers’ health and ensure the sustainability of 
occupational safety in a changing climate. 

Keywords: risk communication, thermal stress

La comunicazione del rischio rappresenta una fase fondamentale dell’analisi del rischio, insieme alla valutazione e 
alla gestione. Consiste nella condivisione di informazioni e punti di vista sui rischi derivanti da attività industriali, am-
bientali e umane con i portatori di interesse e i decisori. Una comunicazione efficace deve considerare la percezione 
del rischio, influenzata da fattori psicologici, sociali e culturali. Nel contesto del cambiamento climatico, è essenziale 
aumentare la consapevolezza pubblica e lavorativa sui rischi per la salute, in particolare quelli legati al calore. Nono-
stante i progressi, persistono importanti lacune nella formazione e nell’educazione dei lavoratori esposti a temperature 
elevate. I lavoratori outdoor e coloro che indossano indumenti protettivi sono particolarmente vulnerabili allo stress 
termico e ai colpi di calore. È quindi necessario adottare strategie di comunicazione proattive e di prevenzione a lungo 
termine per rafforzare la resilienza climatica. Programmi strutturati di formazione sullo stress termico devono formare 
lavoratori e supervisori prima dell’esposizione a condizioni di calore, includendo il riconoscimento dei sintomi, le 
misure preventive, l’uso corretto dei DPI, i fattori non occupazionali, l’acclimatazione e le procedure di emergenza. 
L’integrazione tra comunicazione, formazione e prevenzione rappresenta, infine, un pilastro per la tutela della salute 
dei lavoratori in un clima in rapido mutamento. 

1. Introduction 
Climate change is altering the environmental and ther-
mal conditions under which work is performed worldwi-
de, increasing the frequency, duration and intensity of 

heat waves and exposing workers to unprecedented le-
vels of heat stress. The International Labour Organization 
(ILO) has projected that heat-related productivity losses 
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will affect both the availability and quality of work, 
with significant implications for health, occupational 
safety, income stability and the attainment of decent 
work conditions. Occupational heat stress, once con-
sidered a marginal occupational hygiene concern, has 
emerged as a structural determinant of workers’ health 
and labour market vulnerability, particularly in sectors 
characterized by outdoor activity, high metabolic wor-
kloads or the use of impermeable personal protective 
equipment [Romanello et al., 2025]. Heat stress exerts 
its effects through multiple pathways. At the physiologi-
cal level, excessive thermal load can lead to dehydra-
tion, heat exhaustion and heat stroke, as well as exacer-
bate cardiovascular, renal and other chronic conditions. 
At the functional level, heat impairs cognitive and 
physical performance, contributing to errors, acciden-
ts and absenteeism. At the economic level, it reduces 
work capacity and productivity, translating into wage 
losses for individual workers and substantial aggregate 
impacts for enterprises and national economies. Impor-
tantly, these effects are not distributed evenly [Ebi et al., 
2021]. Workers in the agricultural, construction, manu-
facturing and service sectors face heightened exposure, 
and socio-demographic factors—such as migrant status, 
language proficiency and limited access to occupa-
tional safety and health (OSH) infrastructures—shape 
vulnerability patterns, as documented in case studies 
conducted in Italy and other European regions. Parallel 
to the growing recognition of heat stress as a climate-re-
lated occupational hazard is the increasing attention to 
risk perception, communication and training as deter-
minants of adaptation capacity in the workplace. Risk 
communication, historically conceptualized as a bidi-
rectional process between experts and stakeholders, 
has become central for enabling preventive behaviors 
and supporting both individual and collective adapta-
tion to climatic stressors. Yet evidence from European 
industrial sectors suggests persistent gaps in worker 
awareness, OSH training and institutional prepared-
ness, raising concerns about the ability of existing pre-
vention systems to mitigate emerging thermal risks [El 
Khayat et al., 2022; Li et al., 2025]. 

Within this context, this narrative review examines the 
relationship between occupational heat stress, decent 
work and prevention systems, focusing on three inter-
related domains: (i) health and productivity effects, (ii) 
socio-occupational vulnerability and risk perception, 
and (iii) prevention, communication and institutional 
adaptation. By integrating epidemiological, ergonomic 
and socio-economic evidence with institutional docu-

mentation, the review aims to advance a systems-orien-
ted interpretation of occupational heat stress in the era 
of climate change. 

2. Materials and Methods 
This study adopts a narrative, non-systematic review 
methodology designed to synthesize multidisciplinary 
evidence on occupational heat stress and decent work. 
Given the complexity of the research question—which 
spans physiological, behavioural, ergonomic, econo-
mic and institutional dimensions—a narrative approa-
ch was deemed appropriate to integrate heterogeneous 
sources and provide an interpretive framework rather 
than a quantitative assessment. 

2.1 Sources of Evidence 
Three categories of sources were examined.

Scientific and technical literature in occupational me-
dicine, industrial hygiene, ergonomics, climate-health, 
labour economics and public health, including studies 
quantifying productivity loss due to heat strain and 
analyses of risk perception among workers in Italy and 
other European regions. Institutional reports and poli-
cy documents from agencies such as the ILO, WHO, 
EU-OSHA and national OSH authorities, addressing 
regulatory frameworks, climate adaptation policies, la-
bour protection and decent work agendas. 

Operational and technical materials including risk com-
munication guidelines, heat stress training materials 
and sectoral guidance produced within professional 
and policy contexts, as well as a technical document 
on microclimate risk management in Italian workpla-
ces and related position papers from OSH professional 
societies. 

2.2 Selection Strategy and Integration Approach 
Sources were identified through targeted keyword sear-
ches and professional grey literature repositories, com-
plemented by backward citation tracing from relevant 
publications. The inclusion criteria were intentionally 
broad, prioritizing conceptual relevance over methodo-
logical uniformity. No restrictions were applied regar-
ding study design, sector or geographical setting, provi-
ded that sources addressed at least one of the following: 
(i) occupational heat effects, (ii) productivity or work 
capacity, (iii) risk perception or communication, (iv) 
prevention systems, or (v) institutional responses. 

Data extraction focused on thematic dimensions rather 
than quantitative synthesis. Extracted information was 
organized according to a matrix comprising: physiolo-

https://www.aidii.it/


© The Italian Association of Industrial Hygienists - AIDII [2026]                                  28 | Ital.J.Occup.Environ.Hyg., 2026, 17(1) – e2026004  

PAPERS � www.ijoehy.it – Italian Journal of Occupational and Environmental Hygiene

gical mechanisms, productivity effects, perception and 
cultural determinants, OSH measures, and institutio-
nal governance. Particular emphasis was placed on the 
bidirectional relationship between worker-level adap-
tation (e.g., pacing, hydration, symptomatic reporting) 
and systemic factors (e.g., training, social protection, 
regulation). 

2.3 Limitations of Approach 
As a narrative review, this work does not aim to pro-
vide exhaustive coverage or meta-analytic quantifica-
tion. The interpretive nature of the synthesis introduces 
subjectivity in evidence selection and weighting; howe-
ver, this approach is consistent in articulating concep-
tual linkages among climate change, labour vulnerabi-
lity and OSH governance. Moreover, the inclusion of 
grey literature and institutional documents—which are 
often excluded from systematic reviews—was conside-
red necessary given the central role of policy framewor-
ks and training infrastructures in shaping occupational 
heat adaptation pathways. 

3. Results 
Risk communication and worker training constitute key 
components of occupational heat stress management 
and have recently gained visibility within the broader 
climate change–health discourse. In the occupational 
domain, risk communication refers to the responsible 
and effective transmission of information relating to 
hazards, exposure pathways and preventive strategies 
to workers, supervisors and institutional stakeholders. 
Beyond the unidirectional transmission of information, 
risk communication also encompasses feedback me-
chanisms through which workers’ perceptions, con-
cerns and experiential knowledge are incorporated into 
preventive strategies. This aspect is particularly relevant 
for climate-related hazards such as heat, where bodily 
experience and risk perception strongly influence beha-
vioral adaptation [Bhati and Sheth, 2026]. 

Several studies document substantial heterogeneity in 
risk perception, knowledge and awareness among wor-
kers exposed to heat. Evidence suggests that geographi-
cal variability in climate-related health literacy corre-
sponds loosely to the prevalence of extreme heat events 
and the availability of educational resources, with in-
dividuals residing in regions affected by recurrent heat 
waves demonstrating greater awareness and prepared-
ness than those in less affected areas. However, despi-
te increasing public recognition of climate change as a 
health issue, significant gaps persist in education and 
training, specifically among occupational groups routi-

nely exposed to thermal stress [Bassey et al., 2025]. 

Occupationally exposed groups, such as outdoor wor-
kers and individuals wearing impermeable protective 
clothing, represent populations at particularly high risk 
due to the combination of environmental exposure and 
constraints on evaporative heat dissipation. Case studies 
from the construction and agricultural sectors in Italy show 
that both native and migrant workers report heat-related 
discomfort, productivity loss and increased perceived ef-
fort during warm periods, although migrant workers tend 
to report lower perceived productivity impacts despite 
declaring greater exertion levels. Cross-sectional findings 
further indicate that migrant workers receive information 
primarily through oral or written communication, where-
as native workers are more frequently informed through 
structured training activities, highlighting differences in 
training modalities and potential barriers to formal risk 
communication channels [Morabito et al., 2025]. 

Similar patterns emerge from workplace surveys in Nor-
thern Italy, where heat exposure was perceived as con-
cerning by over half of respondents in metalworking 
industries, yet knowledge of preventive strategies remai-
ned limited, and few workers reported receiving formal 
training on heat-related occupational risks. These fin-
dings suggest that risk perception, communication and 
training systems remain fragmented across occupational 
sectors and worker groups and are insufficiently integra-
ted into broader occupational safety and health (OSH) 
frameworks addressing climate-related stressors [Riccò et 
al., 2020]. 

4. Discussion 
The evidence outlined above highlights how commu-
nication, training and perception constitute critical 
yet frequently overlooked determinants of vulnerabili-
ty to occupational heat stress. Whereas physiological 
and environmental dimensions of thermal stress have 
been widely documented, the social and behavioral 
dimensions—risk perception, awareness, motivation, 
and agency—play a decisive role in shaping real-wor-
ld exposure and adaptation capacity. Workers who 
underestimate the risks associated with heat or who 
lack knowledge of preventive strategies are less likely 
to adopt protective behaviors such as hydration, accli-
matization, work pacing, reporting of symptoms or the 
use of protective equipment. Conversely, risk overesti-
mation may also lead to self-imposed limitations—in-
cluding excessive task interruption—that translate into 
productivity loss, reduced income and weakened job 
security [Ban et al., 2019]. 
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The cross-cultural variation documented in the Italian 
agricultural and construction sectors is particularly re-
levant in this regard. Differences between native and 
migrant workers in perceived effort, productivity impact 
and information channels reflect broader socio-cultural 
determinants influencing OSH risk management. Migrant 
workers often operate within precarious employment ar-
rangements characterized by reduced bargaining power, 
linguistic barriers, limited access to training and uneven 
enforcement of safety protocols, increasing their vulne-
rability to both direct physiological impacts and indirect 
socio-economic consequences of heat exposure. Such 
heterogeneity underscores the need for multilingual, cul-
turally adapted and sector-specific communication stra-
tegies, as well as more equitable training and preventive 
infrastructures [Messeri et al., 2019]. 

Risk communication also intersects with broader labour 
governance systems. Traditional OSH approaches rely 
predominantly on top-down communication, wherein 
technical knowledge is transmitted to the workforce wi-
thout necessarily incorporating workers’ experiential in-
sights. However, climate-related stressors require more 
participatory and adaptive approaches that account for 
workers’ tacit knowledge, climatic variability and lived 
constraints on behavioral adaptation. From a decent 
work perspective, communication and training systems 
are not merely instrumental to risk mitigation but consti-
tute components of workers’ capability to exercise agen-
cy over their health, safety and livelihood in a warming 
climate [Emal et al., 2022; Parsons et al., 2025]. 

Furthermore, communication and training are essential 
for translating technical prevention strategies—such as 
work–rest cycles, acclimatization protocols and physio-

logical monitoring—into operational practice. Without 
adequate informational infrastructures, prevention sy-
stems risk remaining technically valid but practically 
ineffective. This tension becomes more pronounced 
when considering productivity mechanisms: behavioral 
adaptations such as slowing down, extending pauses or 
modifying work pace serve as physiological coping me-
chanisms but may simultaneously externalize economic 
losses onto workers in the absence of wage protection or 
social safety nets [Zara et al., 2023]. 

Overall, the integration of risk communication and trai-
ning into occupational heat stress management should 
be viewed as part of a broader governance challenge 
in climate adaptation. Strengthening these componen-
ts requires alignment between OSH regulations, social 
protection policies, labor market institutions and en-
terprise-level practices, ensuring that the informational 
prerequisites for adaptation do not become themselves a 
vector of inequality. 

5. Conclusion  
Taken together, the findings reviewed suggest that com-
munication and training are foundational pillars of oc-
cupational heat stress prevention, yet remain underde-
veloped relative to the scale of climatic risk. Improving 
these systems requires addressing informational, cultural, 
linguistic and institutional barriers, embedding workers’ 
perceptions into OSH systems, and linking communica-
tion strategies to broader policies supporting social pro-
tection, income stability and decent work in a warming 
climate 
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Background and objectives Climate change is intensifying workplace heat exposures and reshaping the risk profile of 
multiple economic sectors. This review synthesizes the current state of practice for heat stress assessment and man-
agement within the Italian regulatory context, with reference to international guidance.
Methods A narrative review was conducted integrating (i) European and Italian OSH legislation and policy, (ii) in-
ternational technical standards and guidance, and (iii) institutional Italian tools and documents. Sources included 
Directive 89/391/EEC and the EU Strategic Framework on Health and Safety at Work 2021–2027, Italy’s Legislative 
Decree 81/2008 and recent institutional guidance (2025), UNI EN ISO standards (7243:2017; 7933:2023), the Italian 
Worklimate platform, and authoritative international guidance (WHO, EU‑OSHA, NIOSH, HSE).
Results Heat is a recognized physical agent yet in consequence of climate change remains weakly codified compared 
with other agents. The Italian framework obliges employers to assess and manage microclimatic risks, supported by 
2025 national guidance and sectoral notes. Assessment practices converge on a two‑tier approach: Wet Bulb Globe 
Temperature (WBGT) for screening and Predicted Heat Strain (PHS) for detailed analysis. Forecast‑based tools (e.g. 
Worklimate) are increasingly embedded in prevention. Health surveillance is pivotal to identify individual suscepti-
bility and to adapt controls.
Conclusions Protecting workers from heat stress due to climate change is both a legal obligation and a strategic re-
quirement for enterprises. A forward‑looking approach—combining regulatory compliance, medical surveillance, 
model‑based assessment (WBGT/PHS), meteorological intelligence, and worker participation – can reduce incidents, 
sustain productivity, and build resilience. Italy offers a coherent pathway that could serve as a reference for EU-wide 
harmonization; however, a systemic and uniform regulatory approach remains desirable.

Keywords: Heat stress; Occupational health; Climate change; Health surveillance; Italy

Contesto e obiettivi: Il cambiamento climatico sta intensificando l’esposizione al calore nei luoghi di lavoro, modifi-
cando i profili di rischio in numerosi settori produttivi. Questa revisione analizza lo stato dell’arte della valutazione 
e gestione del rischio da stress termico nel contesto normativo italiano, con riferimenti a linee guida internazionali.
Metodo: È stata condotta una revisione narrativa integrando (i) la normativa e le politiche europee e italiane, (ii) le 
norme tecniche e linee guida internazionali, e (iii) documenti istituzionali italiani più recenti. Le fonti includono la Di-
rettiva 89/391/CEE, il Quadro strategico europeo 2021–2027, il D.Lgs. 81/2008, le linee di indirizzo nazionali (2025), 
le norme UNI EN ISO (7243:2017; 7933:2023), la piattaforma Worklimate e documenti OMS, EU-OSHA e NIOSH.
Risultati: Il calore è riconosciuto come agente fisico ma, soprattutto in relazione al cambiamento climatico, meno 
codificato rispetto ad altri rischi. Il quadro italiano obbliga i datori di lavoro a valutare e gestire i rischi microclimatici, 
supportato da nuove linee guida nazionali (2025) e da strumenti previsionali come Worklimate. La sorveglianza sani-
taria svolge un ruolo centrale, anche includendo lavoratori fragili, con patologie o differenze di genere, ed è affidata 
al medico competente.
Conclusioni: Proteggere i lavoratori dallo stress termico è un obbligo normativo e una strategia di adattamento ai 
cambiamenti climatici. Un approccio integrato – che combini conformità normativa, sorveglianza sanitaria, modelli di 
valutazione (WBGT/PHS), strumenti previsionali e partecipazione dei lavoratori – rappresenta la via per ridurre rischi 
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per la salute, stress e infortuni sul lavoro e rafforzare la resilienza del sistema produttivo.

Introduction
Climate change is a systemic and accelerating driver of 
occupational health and safety (OSH) risk. The World 
Health Organization (WHO) frames climate change as 
the greatest health threat of the twenty‑first century, with 
impacts mediated through extreme heat, floods, wildfi-
res, deteriorating air quality, and the shifting distribution 
of infectious diseases [WHO, 2023]. In Europe, the 2022 
summer was associated with an estimated 62,000 he-
at‑related deaths, with Mediterranean countries bearing 
the heaviest burden [Ballaster et al., 2023; Beck et al., 
2024]. Beyond mortality, rising temperatures undermine 
productivity and increase incident risk through fatigue, 
dehydration, and cognitive impairment.

The EU Strategic Framework on Health and Safety at Work 
2021–2027 recognizes climate change as a cross‑cutting 
driver of risk and calls for integration of adaptation me-
asures into OSH management systems [European Com-
mission. Directorate General for Employment, Social Af-
fairs and Inclusion., 2015]. In Italy, Legislative Decree 
81/2008 (the “Testo Unico”) already requires employers 
to assess all risks, including microclimatic factors, and 
to implement prevention and protection measures pro-
portionate to the risk. Recent national guidance (2025) 
consolidates best practice for managing heat and solar 
radiation across sectors, clarifying the obligations for risk 
assessment, training, surveillance, and emergency prepa-
redness [Conferenza delle Regioni e delle Province Au-
tonome, 2025].

The workplace consequences of rising temperature are 
multifaceted. Outdoor sectors such as agriculture, con-
struction, waste collection, and emergency services face 
direct exposure to heat and solar radiation. Indoor sec-
tors—particularly in process industries with high inter-
nal heat loads (e.g., steel, glass, ceramics), kitchens and 
bakeries, laundries, logistics hubs, and hospital wards, 
asbestos removal and others, with demanding PPE—also 
experience elevated risk. Vulnerability is amplified for 
older workers, those with chronic conditions, workers 
on interacting medications, pregnant and postpartum 
workers, and migrants and temporary employees who 
may face language barriers and reduced access to care 
[WHO, 2023; EU-OSHA, 2024/2025].

This review has three objectives: first, to synthesize the 
Italian legal and policy framework for occupational heat; 

second, to appraise assessment methods and practical 
tools—particularly the screening use of Wet Bulb Globe 
Temperature (WBGT) and the analytical Predicted Heat 
Strain (PHS) model; and third, to outline prevention and 
management strategies with specific attention to the cen-
tral role of health and safety surveillance. 

The goal is to offer a coherent pathway for employers, 
OSH professionals, and occupational physicians to de-
sign defensible, effective, and climate‑resilient heat risk 
management plans.

Regulatory and Policy Framework
	■ European Union. Occupational safety in the EU is 
structured around Directive 89/391/EEC and subse-
quent “daughter” directives, operationalized through 
national legislation. The EU Strategic Framework on 
Health and Safety at Work 2021–2027 identifies cli-
mate change as a transversal challenge and calls for 
strengthened risk anticipation, prevention, and prepa-
redness [European Commission. Directorate General 
for Employment, Social Affairs and Inclusion., 2015]. 
While there is no EU‑wide binding maximum occu-
pational temperature, the Framework invites uptake of 
standards and guidance and the development of secto-
ral approaches. Position papers by social partners and 
some Member States argue for minimum requirements 
for heat risk management, including forecast‑triggered 
organizational measures and specifications for cool 
rest areas.

	■ Italy. Legislative Decree 81/2008 imposes a general 
duty to assess all risks (Article 28) and recognises mi-
croclimate as a physical agent (Title VIII). While heat 
is not addressed in a dedicated chapter as noise, vi-
bration, artificial optical radiation or electromagnetic 
fields are, the general provisions of Title VIII apply, to-
gether with the basic workplace requirements of Annex 
IV (e.g., aeration, lighting, humidity). 

Table 1 provides a structured summary of the main re-
gulatory requirements established by Legislative Decree 
81/2008 concerning the microclimate, both in general 
and specifically for construction sites.
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Table 1.  DLgs 81/2008 Legal Requirements

Legal Reference Obligation / Indication / Requirement Prevention Measures. Observations and Notes

PART A – Physical Agents

Title VIII, Art. 180 Inclusion of microclimate among physical 
agents

Scope of application of Title VIII

Title VIII, Art. 181 Obligation to assess microclimate risk Specific section (or annex) of the DVR (art. 28). Based 
on standards of good practice (ISO, UNI, INAIL). Four-
year periodicity/update. Possible “justification” for tasks 
not requiring in-depth analysis. Assessment by qualified 

personnel (with occupational hygiene expertise).

Title VIII, Art. 182 Elimination/minimization of risks Apply hierarchy of preventive measures (technical, 
organizational, PPE), implement monitoring and control 
procedures, and systematize adaptation to emergency 

alerts issued by national and local authorities.

Title VIII, Art. 183 Adaptation of measures for particularly 
sensitive workers

Consider age, medical conditions, pregnancy, medication, 
and lack of acclimatization, in agreement with the 

Company’s Occupational Physician.

Title VIII, Art. 184 Information and training of workers/
Workers’ Safety Representative

On: climate change, adopted methodologies and risks, 
risk assessment results, preventive measures, procedures, 

behaviours, and self-protection.

Title VIII, Art. 185 Health surveillance By the Occupational Physician, if required by risk 
assessment or for specific obligations, identifying workers 

exposed, potentially exposed, and not exposed to 
increased risk from heat waves.

Title VIII, Art. 186 Health and risk record For workers under health surveillance.

Annex IV, Point 1.9.1 Ventilation of enclosed workplaces Healthy air supply, preferably natural. Maintenance of 
systems, avoid unpleasant draughts/pollution.

Annex IV, Point 1.9.2 Adequate workplace temperature Consider work, effort, humidity, and air speed. Protection 
from excessive sun exposure. Localised measures / PPE if 

temperature cannot be modified.

Annex IV, Point 1.9.3 Control of excessive humidity Avoid fog formation, maintain within compatible limits.

Title IV (temporary or 
mobile construction sites)

Consideration of microclimate risk in the 
Safety and Coordination Plan (PSC) and 

in the Operational Safety Plan (POS), 
with responsibilities defined.

See part B – Construction Sites
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Legal Reference Obligation / Indication / Requirement Prevention Measures. Observations and Notes

PART B – Construction Sites

Art. 92 Coordinator for 
execution in construction 

sites

Verify the implementation of the safety 
measures established in the PSC (Safety 

and Coordination Plan and the adequacy 
of the contractors’ POS, ensuring that 
they also include the management of 

microclimate risk. In case of situations of 
serious and imminent danger for workers 
(e.g., extreme heat), the Coordinator must 

immediately suspend the works.

Coordinate site activities taking climatic conditions into 
account: for example, avoid or limit tasks during the 

hottest hours of the day, enforce the planned recovery 
breaks, and ensure the implementation of PSC measures 

(e.g., shaded areas, water supply) during heat waves. 
Formalize procedures for behavior in case of local weather 

alerts. Evaluate on-site microclimate measurement 
systems.

Art. 96 Obligations of the 
employer, managers, and 
supervisors in contractor 

companies

Adopt all necessary measures during the 
execution of works to safeguard health 
and safety, including the protection of 
workers from weather influences. This 

implies assessing the “microclimate” risk 
in the construction site and including in 
the POS adequate preventive measures 

for extreme temperatures.

Schedule tasks during cooler hours (start earlier or 
postpone activities to avoid central hours); provide 

additional breaks in shaded or air-conditioned huts for 
recovery; ensure the supply of fresh drinking water and 
encourage frequent hydration; provide PPE and suitable 
work clothing for hot conditions (e.g., hats, breathable 
garments); make sunscreen and other means of sun 

protection available.

 Formalize procedures for behavior in case of local 
weather alerts. Evaluate on-site microclimate measurement 

systems.

Art. 97 Obligations of the 
main contractor

Verify the safety conditions of 
subcontracted works, ensuring the 

application of the PSC provisions. The 
main contractor must also check the 
consistency of subcontractors’ POS 

with its own operational plan and the 
PSC, before transmitting them to the 

Coordinator.

Coordinate subcontractors so that they adopt consistent 
measures for heat risk management. For example, the 

main contractor may establish staggered working hours 
among crews to avoid overloads during the hottest hours 
and require subcontractors to set up shaded rest areas 
and provide water on hot days. It must also verify that 
each subcontractor includes in its POS heat protection 

measures comparable to its own.

 Formalize procedures in case of local weather alerts. 
Evaluate on-site microclimate measurement systems.

Art. 100 and Annex XV 
(Safety and Coordination 

Plan – PSC)

In multi-contractor sites, the design-
phase Coordinator must prepare a PSC 
that considers all present risks, including 

microclimatic risks such as excessive 
heat, since mitigation measures affect 
site organization and activities. Annex 
XV of the Consolidated Act defines the 
minimum PSC contents, including the 

identification of preventive measures for 
risks due to environmental conditions.

The PSC must provide organizational measures such 
as scheduling work activities based on temperature 

(e.g., avoiding critical phases during the hottest 
hours), arranging air-conditioned or shaded rest areas, 
supplying drinking water, and providing suitable PPE 

for hot conditions. It must also indicate protocols to be 
implemented in case of heat waves (e.g., reduction of 

work pace, rotation of crews in the most demanding tasks 
under the sun).

 Formalize procedures for behavior in case of local 
weather alerts. Evaluate on-site microclimate measurement 

systems.
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Recent national guidance (June 2025) consolidates re-
gional and institutional inputs and sets out practical 
pathways for both outdoor and indoor contexts, em-
phasizing the role of training, health surveillance, and 
emergency preparedness [Conferenza delle Regioni e 
delle Province Autonome, 2025]. Labor‑inspectorate no-
tes have, in parallel, clarified procedures related to un-
derground and semi‑underground workplaces, explicitly 
including microclimatic suitability among the conditions 
to be verified [Ispettorato Nazionale del Lavoro, 2025].

	■ Standards and guidance. International and national 
practice converges on the combined use of technical 
standards and institutional guidance. ISO 7243:2017 
provides a screening method based on the WBGT in-
dex to establish whether heat stress warrants corrective 
action [International Organization for Standardization, 
2017]. ISO 7933:2023 specifies the PHS model to esti-
mate core temperature and water loss and to derive 
maximum allowable exposure times for an “average” 
worker under prescribed conditions [International Or-
ganization for Standardization, 2023]. The UK’s Health 
and Safety Executive (HSE) provides concise risk‑as-
sessment and control guidance (INDG451-06/2013) 
and distinguishes clearly between thermal comfort and 
heat stress [HSE, 2023]. NIOSH’s Criteria Document 
(2016) remains a comprehensive synthesis for exposu-
re, controls, acclimatization, and medical surveillan-
ce, widely used as an international reference [NIOSH. 
2016].

	■ Institutional tools. Worklimate platform is a wide and 
growing project that integrates meteorological forecasts 
with task‑based risk categories and provides short‑term 
maps of heat risk for outdoor workers at several times 
of day. The platform is explicit about its scope (non‑ac-
climatized, healthy workers) and is designed to inform 
scheduling, breaks, and hydration planning rather than 
to replace on‑site measurement or task‑specific model-
ling [Worklimate Project, 2024-2025].

	■ Gaps and prospects. Compared with other physical 
agents, heat and solar radiation remain weakly co-
dified in statutory limits. The growing frequency and 
intensity of extreme heat events argues for EU‑level 
harmonization (e.g., minimum requirements for indoor 
and outdoor heat risk management, agreed triggers for 
work organization measures, and formal recognition 
of forecast‑based preventive planning). Meanwhile, 
the existing combination of general legal duties, tech-
nical standards, and authoritative guidance provides a 
defensible and actionable framework for employers in 
Italy and across the EU. In addition, Ministerial Decree 

n° 95 of 9 July 2025 provides further contributions on 
organizational measures and protection strategies not 
addressed in other sources.

Occupational Sectors at Risk
Outdoor sectors include agriculture and forestry (har-
vesting, pruning, viticulture), construction (civil works, 
road‑laying and asphalt, roofing), utilities and environ-
mental services (waste collection, urban cleaning, wil-
dfire management), and logistics and transport (loading/
unloading, dock work, drivers without air‑conditioned 
cabins). These activities combine direct solar radiation 
with high metabolic workloads and, frequently, imper-
meable or insulating PPE (e.g. remediation of contamina-
ted land and asbestos).

Indoor sectors are also at risk where internal heat loads 
are high or ventilation and cooling are inadequate: steel 
and glass manufacture, ceramics and brick kilns, foun-
dries and boiler rooms, commercial kitchens and bake-
ries, industrial laundries, food processing, and enclosed 
logistics hubs. Healthcare settings may encounter heat 
strain in emergency departments and intensive care uni-
ts, exacerbated by protective ensembles.

Vulnerability is shaped by employment conditions and 
worker characteristics. SMEs may lack dedicated OSH 
expertise and rely on generic procedures not really ca-
librated for heat. Temporary, seasonal, and migrant 
workforces—common in agriculture, construction, and 
tourism—magnify language and training challenges and 
may experience poorer access to water, shade, or co-
oling. Students in work‑based learning (PCTO) require 
heightened supervision, conservative exposure limits, 
and tailored induction. A sector‑ and task‑specific ap-
proach is therefore essential supported by occupational 
hygiene and engineering skills.

Methods for Heat Stress Assessment
	■ Principles. Heat stress assessment quantifies the com-
bined effects of environmental conditions (air tempera-
ture, humidity, air speed, radiant heat), metabolic rate, 
and clothing. A tiered approach is widely recommen-
ded: (i) screening, to rapidly identify hazardous condi-
tions and trigger immediate controls; and (ii) analytical 
modelling, to determine safe exposure durations and 
refine controls for specific tasks and clothing.

	■ WBGT screening (ISO 7243:2017). The Wet Bulb 
Globe Temperature (WBGT) index is a composite 
measure calculated from natural wet‑bulb tempera-
ture, black‑globe temperature, and air temperature, 
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with weighting dependent on solar load. It is simple 
to measure in the field and is widely used for rapid 
triage [International Organization for Standardization, 
2017]. ISO 7243 provides guidance on measurement, 
the timing and duration of samples, and corrections for 
clothing. Typical practice compares measured WBGT 
against reference thresholds stratified by metabolic rate 
and acclimatization status and applies work‑rest cycles 
and hydration accordingly. WBGT does not predict 
core temperature directly and can under‑ or over‑e-
stimate strain where clothing has high evaporative re-
sistance or radiant loads are extreme; in these cases 
analytical modelling is required.

	■ PHS analytical model (ISO 7933:2023). The Predi-
cted Heat Strain (PHS) model estimates time evolution 
of core (rectal) temperature and sweat loss based on 
environmental inputs, metabolic rate, and clothing 
insulation and evaporative resistance [International 
Organization for Standardization, 2023]. It outputs 
the maximum allowable exposure time (MAET) before 
either the core temperature or the percentage dehydra-
tion exceeds tolerable limits for 95% of the exposed 
population. PHS is suitable for task design, comparison 
of clothing ensembles (including vapor‑tight suits), and 
the evaluation of engineering or organizational con-
trols. Field validation is recommended by comparing 
model predictions with physiological monitoring (e.g., 
heart rate, body mass change) during pilot tasks.

	■ Supplementary indices. Humidex and Heat Stress In-
dex (HSI) appear in some guidance and apps; while 
useful for awareness, they lack the physiological reso-
lution of PHS and the standardization of WBGT. For re-
gulatory compliance and defensible decision‑making 
in Europe, ISO 7243 and ISO 7933 remain the referen-
ce methods.

	■ Measurement strategy. Field assessment should inte-
grate: (i) environment—WBGT components (Tnwb, Tg, 
Ta), air speed, and mean radiant temperature where 
relevant; (ii) task‑based metabolic rate estimation (ob-
servational methods or ergonomic tables); (iii) clothing 
insulation (Icl) and evaporative resistance (Re,cl), me-
asured or from validated databases; and (iv) exposure 
pattern (continuous vs. intermittent). For outdoor work, 
measurements should be paired with forecast‑based 
planning (e.g. Worklimate) to anticipate peak stress 
windows and to pre‑position shade, water, and staffing 
[Worklimate Project, 2024-2025].

	■ Decision‑making. A practical pathway is: (1) forecast 
review to plan schedules and resources; (2) on‑site 
WBGT screening at shift start and peak hours; (3) if 
thresholds are exceeded or PPE burden is high, PHS 

modelling to refine work‑rest cycles, breaks in cooled 
areas, and hydration volumes; (4) confirmatory measu-
rements after control implementation; and (5) periodic 
review across the season. Shift logs capturing symp-
toms, productivity, and near‑misses provide feedback 
for continuous improvement.

	■ Uncertainty and conservatism. Both WBGT and PHS 
entail uncertainties—instrumentation, parameter esti-
mation, micro‑site variability. A conservative stance is 
justified where vulnerable workers are present, meta-
bolic loads are uncertain, or PPE imposes high evapo-
rative resistance. Documentation of assumptions and 
decisions is essential to legal defensibility and know-
ledge transfer.

Prevention and Management Strategies
	■ Hierarchy of controls. A layered approach is necessary, 
prioritizing elimination or substitution where feasible 
(e.g. relocating tasks to cooler environments or sea-
sons), followed by engineering controls, administrative 
controls, and PPE optimization.

	■ Engineering and building measures. Provide shading 
(fixed canopies, temporary tents), reflective or low‑e-
missivity barriers for radiant heat, improved natural or 
mechanical ventilation, spot cooling (fans, evaporative 
coolers), and, where feasible, air‑conditioning of rest 
areas. For process industries, insulate hot surfaces, re-
duce radiant loads, and enclose or automate tasks. En-
sure cool rest shelters are within reasonable walking 
distance and equipped with potable cool water or 
electrolyte drinks [EU-OSHA, 2024/2025; HSE, 2023; 
NIOSH, 2016].

	■ Organizational measures. Implement forecast‑trigge-
red plans: reschedule heavy tasks to cooler hours, rota-
te crews, lengthen and increase breaks, and adapt pro-
duction targets. Formalize work‑rest cycles matched to 
measured WBGT or PHS outputs and monitor adheren-
ce. Maintain hydration plans (e.g., 150–250 ml every 
15–20 minutes during hot work) and provide cool, pa-
latable beverages; consider salted snacks where sweat 
losses are high. Establish an acclimatization program 
for new and returning workers (e.g., graded exposure 
over 7–14 days), with conservative limits for those at 
higher risk. Record attendance at pre‑shift briefings du-
ring heat‑alert days to document communication.

	■ Training and communication. Train workers and super-
visors to recognize early symptoms of heat illness, to 
apply the buddy system, and to understand the ratio-
nale of work‑rest cycles and hydration. Provide simple 
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multilingual materials where needed. Ensure that ne-
ar‑misses and symptoms are reported without penal-
ty and that lessons learned are communicated swiftly 
across teams [WHO, 2023; EU-OSHA, 2024/2025; 
HSE, 2023].

	■ PPE and clothing. Select breathable, moisture‑wicking 
garments; reduce impermeable layers where possible; 
evaluate cooling vests or phase‑change garments for 
specific tasks; and consider lighter colours and UV‑pro-
tective fabrics for outdoor work. For tasks requiring va-
pour‑tight or insulating PPE, analytical modelling (PHS) 
is indispensable to define safe exposure times and must 
be combined with cooled shelters and strict hydration. 
Eye protection and skin coverage are required for solar 
radiation, with sunscreen as a supplementary measure 
rather than a primary control.

	■ Emergency preparedness and first aid. Establish a gra-
ded response aligned with national guidance: rapid 
recognition, removal from heat, active cooling (who-
le‑body or targeted with cold packs on neck, axillae, 
groin), and emergency medical contact. Ensure first‑aid 
kits include supplies for active cooling and that respon-
ders are trained and drilled. Incident reviews should 
feed into revised scheduling, sheltering, and hydration 
protocols [EU-OSHA, 2024/2025; HSE, 2023].

	■ Integration with health surveillance. Surveillance data 
(e.g., symptom clusters, increased referrals) should trig-
ger control reviews. Fitness‑for‑work judgements must 
be aligned with task risk and environmental conditions 
and reviewed during heat‑wave periods. Coordination 
between the occupational physician and OSH leads is 
essential to ensure rapid adjustments to work organi-
zation.

	■ Documentation and continuous improvement. Main-
tain records of forecasts used, measurements made, 
PHS assumptions, controls implemented, deviations 
from plans, and outcomes. Use this evidence to refine 
the heat management plan each season and to inform 
procurement (e.g., shading systems, mobile cool shel-
ters, instrumentation). Institutional platforms such as 
Worklimate can be embedded into routine planning to 
systematize anticipatory controls [Worklimate Project, 
2024-2025].

Discussion
	■ This review indicates that, although heat is a long‑re-
cognized physical agent, its regulatory treatment lags 
behind other agents with well‑defined exposure me-
trics and binding limits. In practice, however, a robust 
management system can be built from existing legal 

duties, technical standards, and authoritative guidan-
ce. The Italian context is illustrative: the general risk 
assessment duty under Legislative Decree 81/2008, 
combined with recent national guidance consolidating 
regional practice, provides a coherent pathway for em-
ployers to plan and implement controls.

	■ Methodological considerations. WBGT remains the 
most deployable screening tool but should not be used 
in isolation for complex PPE or high radiant loads. 
PHS offers physiologically grounded exposure limits 
and enables precise “what‑if” analyses (e.g., effect of 
air speed increases, reduction in clothing evaporative 
resistance). The key operational challenge is paramete-
rization: realistic metabolic rates for intermittent heavy 
work, appropriate clothing values, and validation of 
model outputs with field observations. Investment in 
instrumentation, training, and simple data workflows 
(templates for logs and PHS inputs) pays dividends in 
consistency and legal defensibility.

	■ Health surveillance is pivotal. In a warming climate, 
fitness‑for‑work is dynamic and seasonal. The occupa-
tional physician’s role expands from regulatory com-
pliance to active stewardship of adaptation: calibrating 
restrictions, advising on acclimatization, and ensuring 
rapid clinical pathways for suspected heat illness. Em-
bedding surveillance data into OSH decision‑making 
can improve the fidelity of controls and reduce inci-
dents.

	■ Equity and vulnerability. Workers with lower bargai-
ning power—seasonal, temporary, migrant—are often 
most exposed. OSH systems must therefore ensure 
equitable access to water, shade, breaks, and training; 
integrate multilingual materials; and monitor for unin-
tended consequences (e.g., self‑pacing that reduces 
productivity and increases stress without improving 
safety).

	■ Digital and organizational innovation. Forecast‑based 
triggers, wearable sensors for physiological monitoring, 
and data‑driven scheduling can enhance prevention 
but must be deployed with clear governance (privacy, 
data ownership, non‑punitive use). SMEs may benefit 
from shared services to access modelling and measu-
rement capacity. Institutional incentives (insurance, 
grants) can accelerate uptake of engineering controls 
and training.

	■ Policy implications. EU‑level minimum requirements 
could codify a common floor for heat risk manage-
ment, analogous to other physical agents. These could 
include: (i) mandatory risk assessment using recogni-
zed indices; (ii) minimum specifications for cool rest 
areas and water provision; (iii) forecast‑triggered or-
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ganizational measures; (iv) requirements for acclima-
tization programs; and (v) explicit integration of heal-
th surveillance. Meanwhile, sharing of good practice 
through EU‑OSHA and national agencies can accele-
rate convergence without waiting for formal legislation 
which is desirable in any case.

	■ Limitations. This review focuses on the Italian con-
text and selected international guidance; it does not 

provide a full systematic review of clinical outcomes. 
Nevertheless, the chosen sources represent current hi-
gh‑quality consensus, and the framework is broadly 
transferable across European settings. Future research 
should prioritize evaluation of real‑world implementa-
tion (process and outcome measures), the effectiveness 
of forecast‑triggered plans, and sector‑specific adapta-
tions (e.g. agriculture vs. construction).

Conclusions
Heat stress is no longer a marginal or seasonal issue but 
a structural determinant of occupational health and sa-
fety, amplified by the accelerating dynamics of climate 
change. Evidence from epidemiological data, regulatory 
analyses, and workplace case studies demonstrates that 
increasing temperatures and extreme weather events 
are reshaping the risk profile across multiple economic 
sectors, with a disproportionate impact on vulnerable 
groups such as migrant workers, temporary employees, 
and those employed in small and medium‑sized enter-
prises.

The Italian framework, rooted in Legislative Decree 
81/2008 and complemented by 2025 national guidan-
ce and institutional initiatives such as the Worklima-
te Project, provides a robust legal and methodological 
foundation for risk assessment and management. Howe-
ver, significant gaps remain. Unlike other physical agen-
ts, heat and microclimatic risks still lack a harmonized 
regulatory approach at both national and European le-
vels, particularly in terms of binding exposure limits and 
prescriptive requirements. This legal ambiguity may un-
dermine the consistency of preventive measures and hin-
der their enforcement.

Italy nowadays offers a coherent pathway that could ser-
ve as a reference for EU-wide harmonization; however, 
a systemic and uniform regulatory approach remains de-
sirable.

This review updates and integrates the technical aspects, 
starting from the AIDII ETS internal document by A. Stu-
fano, G. Gino “Heat Stress from Heat Exposure and Cli-
mate Change” [Stufano and Gino, 2025] which primarily 

addressed health issues and the role of occupational he-
alth surveillance.

Medical examinations, appropriately adapted to identi-
fy individual susceptibilities, are indispensable in ensu-
ring early detection of heat‑related risks and supporting 
employers in the implementation of effective protective 
measures. Surveillance must be conceived not only as a 
compliance duty but also as a proactive instrument for 
resilience and adaptation.

Looking ahead, a paradigm shift is required: heat risk 
assessment and management should no longer be con-
fined to traditional occupational hygiene methodologies 
but must integrate environmental forecasting, adaptive 
organizational models, and digital monitoring tools. This 
integration will enable workplaces to anticipate risks ra-
ther than react to them, aligning occupational safety with 
broader climate adaptation strategies.

In conclusion, protecting workers from heat stress is both 
a public health priority and a strategic requirement for 
enterprises. A comprehensive and forward-looking ap-
proach—integrating regulatory compliance, medical sur-
veillance, technological innovation, and active worker 
participation—can provide a robust model for the Euro-
pean and Italian context. Italy, being particularly affected 
by climate-driven occupational heat stress, is mobilizing 
substantial efforts to advance occupational health and 
safety within the new paradigm of the twenty-first cen-
tury, shaped by climate change adaptation, innovation, 
and evolving public health policies.
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