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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.
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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 puo superare la capacita 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 criticita associate all’uso di dispositivi
di protezione individuale (DPI).
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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 idoneita al lavoro saranno elementi essenziali per tutelare la salute dei lavoratori in un mondo

sempre piu 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
[Ricco 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-
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