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Abstract

Climate change is increasing the frequency, intensity, and duration of heatwaves, making
extreme heat a recurrent public health challenge with important nutritional implications.
High ambient temperatures affect human health through thermoregulatory strain, sweat-
ing, dehydration, electrolyte imbalance, cardiovascular and renal stress, impaired cognitive
and physical performance, and exacerbation of chronic diseases. Diet and hydration may
therefore represent modifiable, although still underinvestigated, components of heat-health
prevention. This narrative review synthesizes evidence on hydration, electrolyte balance,
meal composition, dietary quality, vulnerable populations, Mediterranean dietary patterns,
seasonality, environmental sustainability, and public health strategies for reducing heat-
related health risks. Evidence from climate-health research, physiology, nutrition science,
occupational and sports medicine, geriatrics, pediatrics, and public health guidance was
integrated. Particular attention was given to distinguishing direct heat-health evidence
from recommendations based on indirect evidence, physiological plausibility, or expert
consensus. Regular water intake, water-rich foods, avoidance of alcohol, moderation of
sugar-sweetened beverages, and individualized electrolyte replacement during prolonged
or intense sweating are supported by physiological rationale and public health guidance,
although direct heatwave-specific intervention studies remain limited. Dietary recommen-
dations should prioritize smaller, digestible, nutrient-dense meals that preserve nutritional
adequacy while reducing unnecessary digestive and metabolic burden. However, evidence
on meal size, macronutrient composition, and heat-related outcomes remains largely indi-
rect. Vulnerable groups, including older adults, children, pregnant women, individuals
with chronic diseases, outdoor workers, athletes, and socioeconomically disadvantaged
populations, require tailored strategies. The Mediterranean diet may provide a useful
regional model because it emphasizes seasonal plant foods, fruits and vegetables with high
water content, legumes, whole grains, olive oil, culinary simplicity, and environmental
sustainability; however, its specific role in heat adaptation requires further study. Integrat-
ing nutrition and hydration into heat-health action plans may improve preparedness and
support climate-resilient food systems. Future studies should evaluate hydration protocols,
meal patterns, Mediterranean diet adherence, biomarkers of nutritional heat resilience, and
nutrition-sensitive interventions in real-world heat exposure settings.

Keywords: climate change; heatwaves; extreme heat; thermoregulation; hydration;
dehydration; electrolyte balance; nutrition; Mediterranean diet; vulnerable populations;
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1. Introduction

Climate change is increasingly recognized as a major determinant of human health,
with rising ambient temperatures and more frequent, intense, and prolonged heatwaves
being one of its most direct and measurable health threats [1,2]. Extreme heat is no
longer an episodic environmental hazard, but an emerging and recurrent public health
challenge, particularly in regions already exposed to high summer temperatures, including
the Mediterranean area. Heat exposure is associated with increased morbidity and mortality
through cardiovascular, renal, respiratory, metabolic, neurological, and mental health
effects, with a disproportionate impact on vulnerable populations [1,2].

The human response to heat exposure depends on complex thermoregulatory mecha-
nisms aimed at maintaining core body temperature within a narrow physiological range.
Cutaneous vasodilation and sweating are central adaptive responses, but they also increase
water and electrolyte losses, particularly during prolonged exposure, physical activity, occu-
pational heat stress, or insufficient access to fluids and cooling strategies [2,3]. When fluid
losses are not adequately replaced, hypohydration and dehydration may occur, impairing
cardiovascular stability, renal function, cognitive performance, and thermoregulatory effi-
ciency [2—4]. These processes are particularly relevant in older adults, children, pregnant
women, individuals with chronic diseases, outdoor workers, athletes, and socioeconomi-
cally disadvantaged populations, who may have reduced physiological reserve, altered
thirst perception, medication-related vulnerability, or limited access to safe water and
cooling environments [1,2,5].

Hydration is therefore a central component of heat-health prevention. The European
Food Safety Authority has established dietary reference values for total water intake, in-
cluding water from beverages and foods, of approximately 2.0 L/day for adult women and
2.5 L/day for adult men under conditions of moderate environmental temperature and
physical activity [6]. However, these values may need to be adapted during hot weather,
heatwaves, fever, physical exertion, or increased sweating. Public health recommenda-
tions from national and international agencies consistently emphasize regular fluid intake,
avoidance of alcohol, moderation of sugar-sweetened and caffeinated beverages, and early
recognition of dehydration symptoms during periods of high temperature [1,7,8]. Nev-
ertheless, hydration advice is often delivered as a general behavioral recommendation,
while its integration with broader dietary strategies, vulnerable-population guidance, and
heat-health action plans remains less systematically developed.

Dietary patterns may influence hydration and heat-related vulnerability through
several pathways, although the direct evidence remains limited. Foods with high water
content, such as fruits and vegetables, contribute to total water intake and provide micronu-
trients and bioactive compounds that may support overall metabolic health. Conversely,
large, high-fat, energy-dense meals may increase postprandial thermogenesis and digestive
burden, potentially worsening thermal discomfort during hot weather. Alcohol intake
can promote diuresis and impair behavioral responses to heat, whereas excessive con-
sumption of sugar-sweetened beverages may contribute to suboptimal cardiometabolic
profiles without providing meaningful protection against heat stress [7,8]. In physically
active individuals and outdoor workers, prolonged sweating may also require attention to
sodium and other electrolytes, although electrolyte replacement should be contextualized
according to duration and intensity of exposure, sweat losses, health status, and the risk
of inappropriate supplementation [3,4]. Importantly, several dietary recommendations
during heatwaves are based mainly on physiological plausibility, public health guidance, or
extrapolation from sports and occupational heat research rather than on direct intervention
studies conducted during real-world heatwaves.
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Beyond individual physiological needs, nutrition in the context of extreme heat may
also be considered within a broader framework of climate adaptation and sustainable
food systems. The Mediterranean dietary pattern, characterized by high consumption of
vegetables, fruits, legumes, whole grains, nuts, olive oil, and moderate intake of fish and
other animal-source foods, has been widely investigated for its health-promoting properties
and is increasingly discussed as a model of sustainable eating [9]. In Mediterranean
regions, this dietary pattern may provide a useful regional example because it emphasizes
seasonal plant foods, water-rich fruits and vegetables, culinary simplicity, and minimally
processed foods. However, its specific role in improving heat tolerance, hydration status,
or heat-related clinical outcomes has not been directly demonstrated; therefore, it should
be interpreted as a culturally rooted and potentially sustainable dietary model rather than
as a proven heat-protective intervention.

Despite the relevance of this topic, the evidence specifically addressing dietary strate-
gies during heatwaves remains fragmented. Most available recommendations are de-
rived from physiological studies on heat stress and hydration, sports and occupational
medicine, public health guidance, and general principles of healthy and sustainable nutri-
tion [1,3,4,7,8]. Relatively few studies have directly examined how dietary patterns, meal
composition, food water content, and electrolyte intake affect heat-related outcomes in the
general population or in vulnerable groups. This gap is important because heat-health
action plans often prioritize environmental cooling, behavioral advice, and emergency
preparedness, while nutrition is rarely integrated as a structured part of preventive strate-
gies [4,5]. A clearer distinction is therefore needed between direct heat-health evidence,
evidence extrapolated from athletic or occupational settings, general nutrition evidence,
mechanistic plausibility, and public-health consensus.

The aim of this narrative review is to synthesize current evidence on the role of
diet and hydration in reducing health risks associated with high ambient temperatures
and heatwaves in the context of climate change. Specifically, this review will examine the
physiological basis of heat stress and fluid balance, dietary and hydration recommendations
for the general population, specific considerations for vulnerable groups, and the potential
role of the Mediterranean diet as a regional model of healthy and sustainable eating during
increasingly hot summers. The review also aims to identify the nature and directness of the
available evidence, temper recommendations that are not supported by direct heatwave-
specific studies, and highlight priorities for future research and heat-health action planning.

2. Materials and Methods

This narrative review synthesized current evidence on the role of diet and hydration
in preventing heat-related health risks in the context of climate change, with particular
attention to thermoregulation, hydration status, electrolyte balance, dietary patterns, vul-
nerable populations, Mediterranean diet, sustainability, and public health implications.
The review was designed as a structured narrative review and was not intended to provide
an exhaustive systematic review, meta-analysis, or PRISMA-ScR evidence map. A narra-
tive approach was selected because the topic is broad, interdisciplinary, and supported
by heterogeneous evidence from climate-health research, physiology, nutrition, occupa-
tional and sports medicine, geriatrics, pediatrics, public health, and sustainability science.
The review aimed to provide an integrative overview of the literature, identify knowl-
edge gaps, and outline future research and public health priorities rather than perform a
quantitative synthesis.

A structured literature search was conducted using PubMed /MEDLINE, Scopus, Web
of Science, Google Scholar, and institutional websites of relevant international and national
organizations. The final literature search and update were completed on 30 June 2026.
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Peer-reviewed articles, reviews, systematic reviews, meta-analyses, position statements,
consensus documents, reports, fact sheets, and public health guidance documents were
considered. The search was limited to publications in English and Italian. Publications
from 2010 onward were prioritized, while older landmark studies were retained when
considered essential for defining physiological mechanisms, hydration requirements, heat-
related health risks, or public health guidance.

Search strategies were adapted to each database and are reported in Supplemen-
tary Table S1. Search terms combined concepts related to climate change, extreme heat,
heatwaves, thermoregulation, hydration, dehydration, electrolyte balance, diet, nutrition,
Mediterranean diet, sustainability, food safety, vulnerable populations, and heat-health
action plans. The main search domains were: (i) climate change, heatwaves, and health; (ii)
heat exposure, thermoregulation, and physiological responses; (iii) hydration, dehydration,
and electrolyte balance; (iv) dietary intake, meal composition, and water-rich foods; (v)
vulnerable populations; (vi) Mediterranean diet, seasonality, and sustainability; and (vii)
public health guidance and heat-health action plans.

The search was complemented by citation searching of key reviews, institutional
reports, and guidance documents. Reference lists of highly relevant articles were screened
to identify additional sources not retrieved through the initial database searches. Institu-
tional websites were searched to identify current guidance from international and national
public health or scientific organizations relevant to climate change, heat-health prevention,
hydration, food safety, and sustainable diets.

Eligible documents addressed heat-related health effects, physiological responses to
heat, hydration and electrolyte balance, dietary intake during hot weather, vulnerable
groups, Mediterranean diet, sustainability, food safety, or public health strategies for
heatwave preparedness. Publications were excluded when they were not relevant to
human health, did not meaningfully address diet, hydration, heat exposure, climate change,
or sustainability, or focused exclusively on animal, agricultural, or technological topics
without clear relevance to human heat-health prevention. Sources dealing only with
isolated bioactive compounds, specific food by-products, or agri-food valorization were
excluded unless they contributed directly to the heat-health nutrition framework.

Sources were screened first by title and abstract, and then by full text when relevance
was uncertain or when methodological details were needed. Because the review was
narrative and not systematic, screening was not performed by duplicate independent
reviewers, and no formal risk-of-bias tool was applied. The search was exploratory, iterative,
and purposive, and was not intended to be exhaustive. Therefore, complete database-level
counts of all records identified and excluded were not prospectively recorded. To avoid
artificial precision, no retrospective PRISMA-style flow diagram was generated. The
available count refers to the final body of literature retained for synthesis, which included
52 sources.

Sources were prioritized according to thematic relevance, scientific quality, directness
of evidence, population relevance, recency, and contribution to the main objectives of the
review. Thematic relevance was assessed according to whether each source contributed
to one or more of the main domains of the review: heat exposure, thermoregulation, hy-
dration, electrolyte balance, dietary intake, meal composition, vulnerable populations,
Mediterranean dietary patterns, food safety, sustainability, or heat-health adaptation. Sci-
entific quality was considered descriptively according to study design, methodological
transparency, source reliability, population relevance, and consistency with existing physio-
logical, clinical, nutritional, or public health evidence.

The nature and directness of the evidence were graded narratively rather than for-
mally. Evidence was categorized as: (i) direct human heat-exposure or heatwave evidence;
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(ii) evidence extrapolated from sports or occupational heat settings; (iii) general nutrition
evidence; (iv) mechanistic or physiological plausibility; and (v) public-health guidance
or expert consensus. Greater interpretive weight was assigned to direct human evidence
on heat exposure, hydration status, electrolyte balance, and heat-related outcomes. Evi-
dence from sports nutrition, occupational heat exposure, controlled physiological studies,
Mediterranean diet research, or general nutrition literature was used mainly to support
mechanistic interpretation or cautious recommendations and was not treated as direct
proof of heatwave-specific clinical efficacy.

When direct evidence on diet during heatwaves was limited, physiologically plausible
evidence from related fields was integrated and interpreted cautiously. The selected
literature was synthesized into thematic sections covering climate change and heatwaves,
physiological responses to heat, hydration and electrolytes, dietary intake during high-
temperature periods, vulnerable groups, Mediterranean diet and sustainability, public
health implications, limitations, future perspectives, and conclusions. Findings were
interpreted to identify practical implications for dietary guidance, hydration strategies,
vulnerable populations, and heat-health action plans.

Use of generative artificial intelligence. During the preparation of this manuscript,
ChatGPT, GPT-5.5 Thinking version (OpenAl, San Francisco, CA, USA), was used only to
assist with figure development and graphical organization. The tool was not used to select
literature, extract data, assess evidence, or generate unsupported scientific conclusions. All
outputs were reviewed, verified, and edited by the author, who takes full responsibility for
the content of the manuscript.

3. Evidence Framework for Nutrition and Hydration During Heat Exposure

To avoid overstatement of the available evidence, the recommendations discussed
in this review were interpreted according to the nature and directness of the supporting
literature. Five evidence categories were considered: direct human heat-exposure or
heatwave evidence; evidence extrapolated from sports or occupational heat settings; general
nutrition evidence; mechanistic or physiological plausibility; and public-health guidance
or expert consensus.

Direct human heat-exposure evidence was given the greatest interpretive weight
when available, particularly for hydration status, dehydration risk, heat-related illness,
occupational heat strain, and vulnerable populations. Evidence from sports nutrition
and occupational heat research was considered highly informative for sweat losses, fluid
replacement, sodium balance, acclimatization, and exertional heat stress, but it was not
automatically generalized to sedentary individuals, older adults, patients with chronic
disease, or socially vulnerable populations exposed to domestic heatwaves.

General nutrition evidence was used to support broader recommendations on diet
quality, water-rich foods, alcohol, sugar-sweetened beverages, Mediterranean dietary pat-
terns, and sustainability. However, these data were interpreted cautiously when they did
not directly assess heat exposure, thermoregulation, hydration status, or heat-related clini-
cal outcomes. Similarly, mechanistic evidence on oxidative stress, inflammation, endothelial
function, gastrointestinal tolerance, gut microbiota, or bioactive compounds was consid-
ered useful for biological interpretation, but not sufficient to support heatwave-specific
dietary claims.

This framework was applied throughout the review to distinguish recommendations
with stronger direct or consensus support from those based mainly on extrapolation or
physiological plausibility. Accordingly, hydration and electrolyte guidance during heat
exposure is presented as having stronger physiological and public-health support, whereas
recommendations on meal size, macronutrient composition, Mediterranean diet adherence,
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polyphenols, and broader physiological resilience are presented as plausible but not yet
directly demonstrated in real-world heatwave intervention studies.

The main recommendations discussed in this review and the nature and directness of
their supporting evidence are summarized in Table 1.

Table 1. Nature and directness of evidence supporting major nutrition and hydration recommenda-

tions during heat exposure.

Recommendation/Topic

Main Population
or Setting

Nature and Directness of
Evidence

Interpretation for Heat-Health
Guidance

Regular water intake
and dehydration
prevention

General population;
older adults; vulnerable
groups

Public-health guidance;
hydration physiology;
clinical dehydration
literature

Core recommendation during hot
weather. Advice should be adapted
to age, thirst perception, clinical
status, medication use, and access to
safe water [1,6-8,10-13]

Electrolyte
replacement

Outdoor workers;
athletes; high-sweat
populations

Sports and occupational
heat evidence;
extrapolated for the
general population

May be useful during prolonged or

intense sweating but should not be

promoted as a universal heatwave
recommendation [3,14-16]

Avoidance of
overhydration and
hyponatremia

Athletes; outdoor
workers; prolonged
exertion in heat

Direct evidence mainly
from exertional settings

Hydration advice should avoid both

underhydration and excessive water

intake, especially during prolonged
activity in the heat [14]

Avoidance of alcohol
and moderation of
sugar-sweetened
beverages

General population;
cardiometabolic-risk
groups

Public-health guidance;
physiological rationale;
general nutrition
evidence

Water should remain the first-line
beverage. Alcohol and
sugar-sweetened beverages should
not be promoted for hydration
during heatwaves [1,7,8]

Water-rich foods

General population;
older adults; children

Dietary reference values;
general nutrition
evidence; indirect heat
evidence

Fruits, vegetables, soups, milk,
yogurt, and other high-moisture
foods may support total water intake
and diet quality, but should not
replace safe drinking water [6,10,17]

General population;

Diet-induced

Plausible strategy for comfort and

Smaller, digestible . - tolerance during hot weather, but not
older adults; frail thermogenesis literature; )
meals individuals hysiological plausibilit directly proven to reduce
phy gicalp y heat-related morbidity [18,19]
Older adults; frail Advice to “eat light” should not

Protein and energy
adequacy

individuals; workers;
athletes; pregnant
women

General nutrition and
clinical evidence; indirect
heat evidence

compromise energy, protein, or
micronutrient intake in vulnerable
groups [11-13,20]

Mediterranean dietary
pattern

Mediterranean/European

populations

General nutrition and
sustainability evidence;
indirect heat evidence

Useful regional model of seasonal,
plant-forward, minimally processed
eating, but not a proven
heat-protective intervention [9,21,22]

Micronutrients,
polyphenols, and
bioactive compounds

General population;
selected clinical or
performance contexts

Mechanistic plausibility;
general nutrition
evidence

Whole-food diet quality should be
prioritized. Broad supplementation
for heatwave protection is not
currently supported [20]
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Table 1. Cont.

. . Main Population Nature and Directness of Interpretation for Heat-Health
Recommendation/Topic . . .
or Setting Evidence Guidance

Households: Should be integrated into heat-health

Food safety during T ’ Public health and advice because high temperatures

institutions; vulnerable ) ) . . )
heatwaves oUDS food-safety guidance increase food spoilage and microbial

group risk [23]
Older adults; children; Recommendations should be

Heat-health guidance;

clinical/epidemiological population-specific and clinically

chronic disease; ! ) contextualized; generic advice may
. A evidence; variable ] . ) .
medication use; socially . be insufficient or inappropriate
. directness
disadvantaged groups [1,2,5,24-29]

Tailored guidance for pregnant women;

vulnerable groups

Note: This evidence classification is narrative and descriptive and does not represent a formal GRADE assessment.
Directness refers to whether the evidence specifically addresses human heat exposure, hydration status, thermoreg-
ulation, heat-related illness, or heatwave-related outcomes. Evidence extrapolated from sports, occupational,
mechanistic, or general nutrition studies was interpreted cautiously.

4. Climate Change, Heatwaves, and Heat-Health Context

Climate change has substantially increased the probability, intensity, and duration
of extreme heat events, making heatwaves one of the most visible and health-relevant
manifestations of global warming [30]. In this review, heatwaves are considered as periods
of abnormally high temperatures that last several days, although definitions vary according
to geographic region, temperature thresholds, humidity, duration, and local acclimatization
patterns [1,5]. Heat-related risk depends not only on outdoor temperature, but also on age,
health status, housing quality, indoor exposure, access to cooling, occupational conditions,
social vulnerability, and behavioral adaptation [1,5,24,25].

The public health relevance of heatwaves is supported by epidemiological evidence
linking high ambient temperatures to excess morbidity and mortality. Heat exposure has
been associated with cardiovascular events, renal dysfunction, respiratory exacerbations,
heat exhaustion, heat stroke, adverse pregnancy outcomes, occupational injuries, reduced
work capacity, and mental health effects [1,2,31]. These outcomes are mediated by several
physiological pathways, including cardiovascular strain, sweating, dehydration, electrolyte
imbalance, impaired renal perfusion, systemic inflammation, and reduced thermoregula-
tory efficiency [2,14,31]. Therefore, heat-related health effects are not limited to classical
heat illness, but also include the worsening of pre-existing chronic conditions and increased
pressure on health and social-care systems [2,24,25].

Europe and the Mediterranean area are particularly relevant contexts for heat-health
prevention. Severe European heatwaves, including the 2003 event and the summer of 2022,
have demonstrated the capacity of extreme heat to generate substantial excess mortality, es-
pecially among older adults and populations living in southern European countries [32,33].
These observations are relevant for Mediterranean regions, where high baseline summer
temperatures, population aging, urbanization, and recurrent heatwaves may increase the
need for targeted prevention strategies [30,33]. However, the Mediterranean and Euro-
pean focus of this review should be interpreted as a regional perspective rather than as a
universal model applicable to all climatic and cultural settings.

The burden of heat is not distributed equally across the population. Older adults,
children, pregnant women, outdoor workers, athletes, socially isolated individuals, peo-
ple experiencing homelessness, and individuals with cardiovascular, renal, respiratory,
metabolic, or psychiatric disorders are at increased risk [1,2,5]. Socioeconomic vulnerability
further modifies heat-related risk through poor housing conditions, limited access to air
conditioning or safe water, occupational exposure, reduced access to green spaces, food
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insecurity, and barriers to health care and public health messaging [5,24,25]. These factors
are directly relevant to nutrition and hydration because they influence fluid intake, food
access, food storage, appetite, medication safety, and the ability to implement heat-health
recommendations.

From a public health perspective, heatwaves require integrated prevention strategies
that combine early-warning systems, urban planning, housing interventions, occupa-
tional protection, social care, health communication, and targeted support for high-risk
groups [4,5]. The World Health Organization Regional Office for Europe emphasizes the
role of heat-health action plans as a key adaptation measure, including meteorological
warning systems, coordinated emergency responses, communication campaigns, and inter-
ventions directed at vulnerable groups [5]. However, most heat-health plans still address
nutrition and hydration mainly through general messages, such as drinking water and
avoiding alcohol, rather than through structured, population-specific nutritional guidance.

This represents an important gap for nutritional science and public health practice.
Heat exposure directly affects fluid balance, sweating, electrolyte losses, appetite, food
choices, food safety, and the feasibility of maintaining adequate nutrition during hot
weather [6-8,14]. Within this framework, hydration and dietary guidance should be
considered as supportive components of heat-health prevention, while recognizing that
the strength of evidence varies across recommendations. Hydration guidance is supported
by stronger physiological and public-health evidence, whereas recommendations on meal
composition, dietary patterns, and Mediterranean diet adherence are often based on indirect
evidence, extrapolation, or biological plausibility rather than direct heatwave-specific
intervention studies.

Overall, climate change is transforming heat from a seasonal discomfort into a recur-
ring public health threat. Within this context, nutrition and hydration may contribute to
heat-health preparedness when integrated with cooling strategies, clinical care, occupa-
tional protection, social support, and public health action plans. However, they should be
presented as one component of a broader adaptation strategy, not as stand-alone solutions
for preventing heat-related morbidity and mortality.

5. Physiological Responses to High Ambient Temperatures

The maintenance of core body temperature within a narrow physiological range is
essential for human survival. Under conditions of high ambient temperature, the body
activates thermoregulatory responses aimed at dissipating excess heat and preserving
internal homeostasis. Heat exchange occurs through radiation, conduction, convection, and
evaporation; however, when ambient temperature approaches or exceeds skin temperature,
evaporative heat loss through sweating becomes the dominant cooling mechanism [3,31].
This process depends on sweat production, skin blood flow, hydration status, air movement,
clothing, humidity, and the individual capacity for heat acclimatization [3,14]. In this review,
heat acclimatization refers to adaptive responses that develop after repeated exposure to
natural hot environments, whereas heat acclimation refers to similar adaptations induced
under controlled or artificial heat exposure conditions.

Cutaneous vasodilation and sweating are the main physiological responses to heat
exposure. Vasodilation increases skin blood flow and facilitates heat transfer from the
body core to the periphery, but it also increases cardiovascular demand [3,31]. Sweating
enables evaporative cooling, but it causes progressive loss of water and electrolytes, mainly
sodium and chloride [3,14]. If these losses are not adequately replaced, hypohydration
may develop, reducing plasma volume, increasing cardiovascular strain, impairing renal
perfusion, and limiting thermoregulatory efficiency [2,3,14]. Here, hypohydration refers to
a body water deficit, whereas dehydration refers to the dynamic process of losing body
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water; although these terms are often used interchangeably in public health guidance, this
distinction is useful when interpreting physiological evidence.
These physiological pathways are summarized in Figure 1.

i ; :
High ambient Cutaqeo_us Sweating Water and
temperature vasodilation electrolyte loss

e

Reduced plasma Impaired heat Cardiovascular
volume dissipation and renal strain

o .

Cognitive and I Heat exhaustion ‘
functional impairment and heat stroke

<

Figure 1. Physiological pathways linking extreme heat to health risk. High ambient temperature
activates cutaneous vasodilation and sweating as thermoregulatory responses. When sweating leads
to water and electrolyte loss, reduced plasma volume, impaired heat dissipation, cardiovascular
and renal strain, cognitive and functional impairment, heat exhaustion, and heat stroke may occur,
particularly in vulnerable individuals or during prolonged exposure.

The consequences of heat exposure extend beyond fluid balance. High temperatures
may affect renal function, cognitive performance, functional capacity, and cardiovascular
stability, particularly when dehydration, prolonged exposure, or physical exertion are
present [2,3,31]. Repeated or prolonged heat stress, especially during heavy work in hot
environments, has been associated with kidney stress and may contribute to acute kid-
ney injury or chronic kidney disease risk in highly exposed occupational groups [2,24].
This evidence is particularly relevant for outdoor workers and other highly exposed pop-
ulations, but it should not be automatically generalized to all individuals exposed to
domestic heatwaves.

High ambient temperatures may also influence appetite, meal tolerance, and gas-
trointestinal comfort. Heat exposure is commonly associated with reduced appetite and
a preference for lighter meals, although individual responses vary according to age, ac-
tivity level, hydration status, health status, and cultural dietary habits. The suggestion to
consume smaller and more digestible meals during hot weather is based mainly on physio-
logical plausibility and public health guidance, rather than on direct trials demonstrating
improved heat-related clinical outcomes. Large or energy-dense meals may increase diet-
induced thermogenesis and digestive burden, but the direct relevance of meal size and
macronutrient composition to heat tolerance remains insufficiently studied [18,19].

Electrolyte balance is relevant during heat exposure, but its importance depends
on context. For most healthy individuals exposed to usual summer heat, regular water
intake and a balanced diet are generally sufficient to maintain hydration and electrolyte
status [6-8]. In contrast, individuals experiencing prolonged or intense sweating, such as
outdoor workers, endurance athletes, or people exposed to sustained heat without adequate
cooling, may require more specific attention to sodium replacement and fluid timing [3,14].
Excessive water intake without adequate sodium replacement during prolonged exertion
may increase the risk of exercise-associated or dilutional hyponatremia, whereas insufficient
fluid intake increases the risk of dehydration and heat-related illness [14]. Therefore,
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hydration advice should be adapted to exposure duration, physical activity, sweat losses,
clinical status, medication use, and the risk of both underhydration and overhydration.

The progression from physiological heat strain to heat-related illness occurs when
thermoregulatory mechanisms are overwhelmed. Mild manifestations may include thirst,
fatigue, weakness, dizziness, headache, muscle cramps, and reduced exercise tolerance.
More severe manifestations include heat exhaustion and heat stroke, a life-threatening con-
dition characterized by severe hyperthermia and central nervous system dysfunction [2,31].
In suspected heat stroke, hydration and nutritional measures should be considered preven-
tive or supportive only and must not delay emergency medical care, rapid cooling, and
right clinical management.

Overall, the physiological response to high ambient temperatures depends on the
interaction between environmental conditions, hydration status, cardiovascular capacity,
renal function, behavioral adaptation, physical activity, clinical vulnerability, and nutri-
tional intake. These mechanisms provide a biological rationale for integrating hydration
and dietary advice into heat-health prevention, but they should be distinguished from
direct clinical evidence, which remains limited for many specific dietary recommendations
during real-world heatwaves.

6. Hydration, Electrolytes, and Prevention of Dehydration

Hydration is one of the most immediate and modifiable components of heat-health
prevention during exposure to high ambient temperatures. In hot environments, the
maintenance of water and electrolyte balance is essential to support sweating, skin blood
flow, cardiovascular stability, renal function, cognitive performance, and thermoregula-
tion [3,14]. This recommendation is supported by strong physiological rationale, public
health guidance, and evidence from controlled heat exposure, occupational, and sports
settings, although population-based intervention studies during real-world heatwaves
remain limited. When fluid intake is insufficient to compensate for water losses through
sweat, respiration, urine, and feces, a progressive reduction in total body water may occur,
increasing physiological strain and the risk of heat-related illness [2,3,14,31].

Total water requirements vary according to age, sex, body size, diet, physical activity,
environmental temperature, humidity, clothing, health status, and medication use. The Eu-
ropean Food Safety Authority established adequate intakes for total water, including water
from beverages and foods, of approximately 2.0 L/day for adult women and 2.5 L/day
for adult men under conditions of moderate environmental temperature and moderate
physical activity [6]. Similarly, the Institute of Medicine established dietary reference
intakes for water and electrolytes, emphasizing that water requirements are influenced
by environmental exposure, physical activity, and individual variability [10]. These ref-
erence values provide useful baseline guidance, but they should not be interpreted as
fixed heatwave-specific targets, because fluid needs may increase substantially during hot
weather, fever, physical exertion, or prolonged sweating.

During hot weather, dehydration can develop through inadequate fluid intake, ex-
cessive water loss, or both. Low-intake dehydration may be particularly relevant among
older adults, individuals with impaired thirst, people with cognitive or functional limi-
tations, and those dependent on caregivers [11,12]. Sweat-loss dehydration is more com-
mon in outdoor workers, athletes, and physically active individuals exposed to high
heat load for prolonged periods [3,14]. These mechanisms may overlap during heat-
waves, when reduced appetite, limited mobility, social isolation, gastrointestinal symptoms,
fever, restricted access to safe water, or increased sweating may contribute to clinically
relevant dehydration.
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The physiological effects of dehydration are closely linked to reductions in plasma
volume and increases in plasma osmolality. Even modest fluid deficits can increase cardio-
vascular strain by reducing venous return, increasing heart rate, and limiting the ability
to sustain both skin blood flow and perfusion of vital organs [3,14]. Dehydration also
reduces sweating efficiency and may accelerate the rise in core body temperature dur-
ing heat exposure or physical exertion [3,14]. In vulnerable individuals, these changes
may contribute to dizziness, orthostatic hypotension, falls, acute kidney stress, cognitive
impairment, and exacerbation of chronic disease [2,5,11]. Hydration should therefore be
interpreted as a preventive and supportive strategy; suspected heat stroke requires urgent
medical evaluation, rapid cooling, and emergency management.

Electrolyte balance is another essential component of hydration during heat expo-
sure. Sweat contains water and electrolytes, primarily sodium and chloride, with smaller
amounts of potassium, magnesium, and calcium [3,14]. Sodium helps maintain extracel-
lular fluid volume, supports thirst mechanisms, and contributes to fluid retention after
ingestion [10,14]. For most healthy individuals exposed to usual summer heat, a balanced
diet and regular fluid intake are generally sufficient to maintain electrolyte balance [6-8].
In contrast, prolonged sweating, heavy physical work, endurance exercise, or repeated
heat exposure may increase sodium losses and require individualized replacement strate-
gies [3,14]. This evidence is stronger in sports and occupational heat settings than in
sedentary populations exposed to domestic heatwaves.

Hydration recommendations should distinguish between the general population, in-
dividuals with high sweat losses, and people with clinical vulnerabilities. For the general
population, public health authorities recommend drinking water regularly, increasing fluid
intake during hot weather, avoiding alcohol, and moderating highly sugary or caffeinated
beverages [1,7,8]. These recommendations are particularly important because thirst may
not be a sufficient indicator of hydration needs in older adults or during sustained heat
exposure [11,12]. Practical strategies include keeping water visible and accessible, drinking
small amounts frequently, consuming water-rich foods, and monitoring simple warning
signs such as dry mouth, fatigue, dizziness, confusion, or reduced urination [7,8,11]. Urine
color may be used only as an approximate screening tool and may be unreliable in individ-
uals with kidney disease, urinary disorders, use of diuretics or vitamin supplements, or
altered urine concentration.

Older adults and patients with chronic diseases require particular caution. Aging
is associated with reduced total body water, blunted thirst perception, impaired renal
concentrating capacity, lower muscle mass, chronic disease, and polypharmacy [5,11,12].
A systematic review of interventions to improve hydration in acutely unwell or institu-
tionalized older adults suggests that multifaceted strategies, including drink availability,
preferred beverages, verbal prompts, adapted drinking vessels, and caregiver involve-
ment, may improve fluid intake, although evidence remains heterogeneous [13]. In frail,
institutionalized, or cognitively impaired individuals, scheduled drinking and caregiver-
supported hydration are generally more appropriate than relying exclusively on thirst.
Conversely, in people with chronic kidney disease, heart failure, advanced cardiovascular
disease, dysphagia, or prescribed fluid restriction, generic advice such as “drink as much as
possible” may be unsafe and should be replaced by individualized clinical guidance [2,5,10].

In physically active individuals and outdoor workers, hydration strategies should ac-
count for sweat rate, duration of exposure, work or exercise intensity, acclimatization status,
clothing, and environmental conditions. Fluid replacement should aim to prevent excessive
body water deficit while avoiding overhydration [14]. During prolonged activity in the
heat, beverages containing sodium may improve fluid retention and help replace sweat
sodium losses, particularly when sweat losses are high or exposure lasts several hours [14].
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However, generalized electrolyte supplementation is not necessary for all individuals and
may be inappropriate in people with hypertension, kidney disease, heart failure, or medi-
cations affecting fluid and electrolyte balance. Therefore, electrolyte replacement should be
individualized rather than presented as a universal heatwave recommendation.

Excessive fluid intake also deserves attention. Exercise-associated or dilutional hy-
ponatremia can occur when fluid intake exceeds renal excretory capacity and plasma
sodium concentration becomes diluted, especially during prolonged endurance activity or
sustained heat exposure with high fluid intake and inadequate sodium replacement [14].
Although this condition is less relevant for the general sedentary population during heat-
waves, it is important for athletes, recreational exercisers, military personnel, and workers
exposed to long periods of heat. Balanced advice should therefore emphasize drinking reg-
ularly and appropriately, replacing losses according to exposure and activity, and avoiding
both underhydration and overhydration.

The type of beverage may also influence short-term fluid retention. Water remains
the most appropriate first-line beverage for the general population during hot weather
because it is widely available, energy-free, and effective for replacing usual fluid losses [7,8].
Experimental work on the beverage hydration index has shown that drinks differ in their
short-term fluid retention capacity according to electrolyte content, energy density, and
macronutrient composition [17]. This evidence may be relevant in selected contexts, such
as institutional care, prolonged occupational exposure, or post-exercise rehydration, but
it should not be used to promote sugar-sweetened or alcoholic beverages as hydration
strategies during heatwaves.

Food also contributes to hydration. A substantial proportion of total water intake
can derive from foods, particularly fruits, vegetables, soups, milk, yogurt, and other high-
moisture foods [6,10]. During periods of high temperature, water-rich foods may contribute
to fluid intake while also providing potassium, vitamins, fiber, and other nutrients. How-
ever, food-derived water should complement rather than replace access to safe drinking
water, especially during heatwaves, physical exertion, or prolonged outdoor exposure. The
role of water-rich foods is therefore supportive for hydration and diet quality, but direct
evidence that they reduce heat-related clinical outcomes remains limited.

Key dietary and hydration strategies during high-temperature periods are summarized

in Figure 2.
Hydration Electrolytes Meal pattern = | Mediterranean foods
Drink water Usually covered by Smaller, digestible Seasonal fruit and
regularly balanced diet meals vegetables
Keep fluids Replace sodium when Avoid very heavy or Legumes, whole grains,
visible sweating is prolonged fried meals yogurt, fish
Monitor urine, Avoid indiscriminate Pr'eserve : Qlive oil, nuts,
dizziness, fatigue supplementation protein-energy minimally processed
adequacy foods

Figure 2. Diet and hydration strategies during high-temperature periods. Key recommendations in-
clude regular water intake, context-specific electrolyte replacement, lighter meals, and Mediterranean
foods rich in water and nutrients.
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Opverall, hydration and electrolyte balance represent a core interface between nutrition,
physiology, and heat-health prevention. The available evidence supports regular water
intake, attention to vulnerable groups, avoidance of alcohol, use of water-rich foods as
supportive dietary components, and individualized electrolyte replacement in conditions
of prolonged or intense sweating [6-8,10-14,17]. However, the strength and directness
of evidence vary across recommendations: water intake and fluid replacement are sup-
ported by stronger physiological and public-health evidence, whereas broader dietary
recommendations during heatwaves often rely on indirect evidence, expert guidance, or
biological plausibility. Hydration should therefore be framed as a structured, context-
specific preventive strategy rather than as a generic instruction to increase fluid intake for
all individuals.

7. Dietary Intake During High-Temperature Periods: Meal Composition
and Diet Quality

Dietary intake during periods of high ambient temperature should be considered
not only in terms of energy and nutrient adequacy, but also in relation to hydration,
gastrointestinal tolerance, food safety, and overall diet quality. Although general nutritional
principles support the recommendation of lighter, water-rich, nutrient-dense meals during
hot weather, direct evidence linking specific meal patterns to improved heat-related clinical
outcomes remains limited [1,6-8]. Therefore, dietary recommendations in this area should
be interpreted mainly as supportive and physiologically plausible strategies rather than as
fully established heatwave-specific protocols.

High temperatures may influence appetite, food preferences, and eating patterns.
Many individuals report reduced appetite and a preference for smaller meals, cold dishes,
fruit, vegetables, and beverages during hot weather. This response may reduce digestive
discomfort, but it can also become problematic in older adults, frail individuals, patients
with chronic diseases, and people with limited access to food. In these groups, reduced
intake may contribute to weakness, dehydration risk, sarcopenia, impaired immune func-
tion, and undernutrition [5,11-13]. Thus, advice to “eat light” should not be interpreted as
dietary restriction, particularly in vulnerable populations.

Meal size and macronutrient composition can influence postprandial thermogenesis.
Diet-induced thermogenesis is affected by total energy intake, macronutrient composition,
meal timing, and eating pattern [18,19]. Larger meals may increase digestive workload
and thermal discomfort, providing a plausible rationale for smaller and more digestible
meals during the hottest hours of the day. However, evidence supporting specific recom-
mendations on meal size, protein intake, carbohydrate distribution, or fat intake during
real-world heatwaves remains indirect. In particular, protein intake should not be reduced
indiscriminately, because adequate protein is essential for muscle maintenance, immune
function, recovery from physical work, and healthy aging. For older adults and individuals
at risk of malnutrition, the priority should be to distribute protein across smaller, tolerable
meals rather than to restrict it.

Carbohydrate and electrolyte-containing beverages may have a role during prolonged
endurance exercise or heavy occupational heat exposure, but their use should not be
generalized to the sedentary population [14,20]. Frequent consumption of sugar-sweetened
beverages should not be promoted as a hydration strategy, especially in individuals with
obesity, diabetes, or cardiometabolic risk [7,8]. Similarly, sodium replacement may be
appropriate in conditions of prolonged or intense sweating, but this does not justify the
generalized promotion of salty or ultra-processed foods during hot weather [14]. For most
healthy individuals, a balanced diet combined with adequate water intake is sufficient to
maintain electrolyte balance during usual summer conditions [6-8].
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Water-rich foods represent a useful dietary component during high-temperature peri-
ods. Fruits, vegetables, soups, milk, yogurt, and other high-moisture foods can contribute
to total water intake while also providing potassium, vitamins, fiber, and other nutri-
ents [6,10,17]. In Mediterranean settings, seasonal fruits and vegetables such as tomatoes,
cucumbers, leafy greens, zucchini, peaches, citrus fruits, melon, and watermelon may
support both hydration and diet quality. However, food-derived water should complement,
not replace, regular access to safe drinking water, especially during heatwaves, physical
exertion, or prolonged outdoor exposure. The evidence for water-rich foods is stronger
as a contribution to total fluid intake and diet quality than as direct proof of reduced
heat-related morbidity.

Micronutrients and bioactive compounds may contribute to general metabolic health,
but their specific role in heat adaptation remains uncertain. Heat stress has been associated
with oxidative stress, inflammation, gastrointestinal barrier alterations, immune changes,
and metabolic disturbances, leading to interest in antioxidant vitamins, polyphenols, trace
elements, amino acids, and electrolytes [20]. At present, however, evidence does not
support broad supplementation recommendations for the general population during heat-
waves. Instead, dietary advice should prioritize whole foods, including fruits, vegetables,
legumes, whole grains, nuts, seeds, fermented dairy products when appropriate, and other
minimally processed foods. Supplementation should be reserved for documented deficien-
cies, specific clinical conditions, heavy sweating, or high-performance sport, preferably
under professional guidance.

The Mediterranean diet may provide a useful regional model for dietary advice during
increasingly hot summers because it emphasizes seasonal plant foods, water-rich fruits
and vegetables, legumes, whole grains, olive oil, culinary simplicity, and minimally pro-
cessed foods [9,21,22]. Nevertheless, Mediterranean diet adherence has not been directly
demonstrated to improve heat tolerance, hydration status, or heat-related clinical outcomes.
Therefore, it should be interpreted as a culturally rooted example of a healthy and po-
tentially sustainable dietary pattern, rather than as a proven heat-protective intervention.
Similar principles may be adapted to other cultural and climatic contexts using locally
available, affordable, water-rich, and minimally processed foods.

Food safety is an essential component of nutrition during high-temperature periods.
Elevated temperatures can accelerate microbial growth and increase the risk of foodborne
disease when foods are improperly stored, transported, prepared, or consumed [23]. This
issue is particularly relevant during heatwaves, power outages, outdoor meals, institutional
food service, and situations in which refrigeration is limited. Public health advice should
therefore include basic food-safety measures, such as keeping clean, separating raw and
cooked foods, cooking thoroughly, keeping food at safe temperatures, and using safe water
and raw materials [23]. Food safety is especially important for children, older adults,
pregnant women, and immunocompromised individuals.

Dietary recommendations during high-temperature periods should therefore be dif-
ferentiated by population group. For healthy adults, the main priorities are adequate
water intake, water-rich foods, moderate meal size, avoidance of alcohol, limitation of
sugar-sweetened beverages, and maintenance of overall diet quality [7,8]. For older adults,
frail individuals, and patients with chronic diseases, preventing both dehydration and
undernutrition is essential [11-13]. For outdoor workers and athletes, meal timing, carbo-
hydrate availability, sodium replacement, and fluid planning may be required according to
workload and sweat losses [14,20]. For children and pregnant women, guidance should
emphasize safe hydration, nutrient-dense foods, food safety, and caregiver-supported
monitoring during heatwaves [1,5,23].
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Overall, dietary strategies during high-temperature periods should not be reduced
to generic advice to “eat light”. A more appropriate approach is to promote nutritionally
adequate, water-rich, digestible, and minimally processed meals that support hydration
and diet quality without compromising energy, protein, or micronutrient intake. How-
ever, recommendations on meal composition, meal timing, macronutrient distribution,
Mediterranean diet adherence, and bioactive compounds should be presented cautiously,
because they are supported mainly by physiological plausibility, general nutrition evidence,
or extrapolation from related fields rather than by direct heatwave-specific intervention
studies.

8. Population-Specific Considerations for Vulnerable Groups

Heat-related nutritional and hydration guidance should be adapted to population-
specific physiological, clinical, occupational, and social conditions. Older adults, chil-
dren, pregnant women, individuals with chronic diseases, outdoor workers, athletes,
socially isolated individuals, and socioeconomically disadvantaged groups may have dif-
ferent risks, needs, and capacities to implement general heat-health recommendations
[1,2,5,11-13,15,16,26-29].

Older adults are particularly vulnerable because of reduced total body water, impaired
thirst perception, lower renal concentrating capacity, chronic disease, polypharmacy, re-
duced mobility, and risk of undernutrition [11-13,26]. In this group, scheduled drinking,
caregiver-supported hydration, water-rich foods, and smaller nutrient-dense meals may be
useful. However, advice to increase fluid intake should be individualized in the presence
of heart failure, chronic kidney disease, dysphagia, or prescribed fluid restriction [2,5,10].

Children and pregnant women also require specific attention. Children depend on
caregivers for access to fluids, food, shade, and recognition of early heat-related symp-
toms [1,27,28]. Pregnant women may be more vulnerable because of increased cardio-
vascular and metabolic demands, and heat exposure has been associated with adverse
maternal, fetal, and neonatal outcomes [29]. In these groups, guidance should emphasize
safe hydration, nutrient-dense foods, food safety, and avoidance of alcohol.

Outdoor workers and athletes may experience high sweat losses because of physical
activity, clothing, environmental exposure, and prolonged heat load [3,14-16]. In these
settings, fluid timing, recovery hydration, and sodium replacement may be relevant, espe-
cially during prolonged or intense sweating. However, recommendations derived from
sports and occupational heat research should not be generalized automatically to sedentary
individuals or medically vulnerable populations.

Socioeconomically disadvantaged populations may be unable to follow standard
recommendations because of limited access to safe drinking water, refrigeration, fresh
foods, cooling environments, health care, or reliable information [1,5,24,25]. Therefore,
nutritional advice for heatwaves should be accompanied by structural support, including
public water access, food assistance, cooling centers, community outreach, and targeted
monitoring of isolated or high-risk individuals.

9. Mediterranean Diet, Seasonality, and Environmental Sustainability
The Mediterranean diet may provide a useful regional model for dietary advice during
increasingly hot summers because it emphasizes seasonal plant foods, water-rich fruits and
vegetables, legumes, whole grains, olive oil, culinary simplicity, and minimally processed
foods [9,21,22].
This regional framework is summarized in Figure 3.
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Figure 3. Mediterranean diet, seasonality, and environmental sustainability as a regional framework.
The figure summarizes the Mediterranean diet as a plant-forward dietary pattern based on seasonal,
minimally processed foods, olive oil, legumes, whole grains, fruits, and vegetables. It highlights
its links with dietary quality, water-rich foods, cultural acceptability, local food systems, and envi-
ronmental sustainability. These dimensions should be interpreted as part of a regional food-system
perspective and not as direct evidence of heat-specific protection.

However, its role in heat adaptation should be interpreted cautiously, because direct
evidence linking Mediterranean diet adherence to improved heat tolerance, hydration
status, or heat-related clinical outcomes remains limited. Therefore, the Mediterranean diet
should be considered a culturally rooted example of a healthy and potentially sustainable
dietary pattern, rather than a proven heat-protective intervention.

Seasonality is particularly relevant in the context of heat-health nutrition. During sum-
mer, traditional Mediterranean meals often include fresh vegetables, legumes, salads, fruit,
yogurt, olive oil, herbs, cold pasta or grain-based dishes, and fish. These foods and meals
may be more acceptable during hot weather than large, heavy, or highly processed meals
and may help preserve diet quality when appetite is reduced [6-8,18,19]. Nevertheless, the
recommendation to favor seasonal, water-rich, and digestible foods is supported mainly by
general nutrition evidence, public health guidance, and physiological plausibility rather
than by direct heatwave-specific intervention studies.

The Mediterranean diet is also relevant to environmental sustainability because it is
generally more plant-forward and less dependent on red and processed meat than many
Western dietary patterns [9,22,34-36]. This may be compatible with broader recommenda-
tions for sustainable healthy diets, which emphasize nutritional adequacy, reduced envi-
ronmental impact, cultural acceptability, biodiversity protection, and accessibility [22,36].
However, the sustainability of the Mediterranean diet should not be considered auto-
matic. Environmental impact depends on food choices, production systems, seasonality,
transport, processing, packaging, refrigeration, cooking practices, affordability, and food
waste [9,34-36].

In Mediterranean regions, climate change may also threaten the availability, price,
safety, and quality of traditional foods through rising temperatures, drought, water scarcity,
soil degradation, biodiversity loss, and extreme weather events [24,30,36]. Thus, the
Mediterranean diet can be discussed as part of a regional food-system perspective, but not
as a universal dietary solution for heatwaves. Its transferability to other climatic, cultural,
socioeconomic, and food-system contexts should be interpreted with caution.

Food-waste reduction may represent an additional sustainability dimension during
hot seasons, especially because high temperatures can accelerate food spoilage and increase
the risk of foodborne disease when refrigeration and storage are inadequate [23]. However,

https:/ /doi.org/10.3390/nul18152502


https://doi.org/10.3390/nu18152502

Nutrients 2026, 18, 2502

17 of 26

specific discussions of agri-food by-products, isolated bioactive compounds, functional
ingredients, or cultivar-specific examples are beyond the central heat-health objective of
this review and were therefore not retained as a major focus.

Opverall, the Mediterranean diet offers a useful regional framework for aligning dietary
quality, seasonality, cultural acceptability, and environmental sustainability. Its relevance
for heat-health nutrition lies mainly in its emphasis on seasonal, water-rich, minimally
processed, and nutrient-dense foods, not in direct evidence of heat-specific protection.
Future research should evaluate whether Mediterranean dietary patterns or other culturally
appropriate plant-forward diets influence hydration status, dietary adequacy, and heat-
related outcomes during real-world heatwaves.

10. Public Health Implications

The increasing frequency, intensity, and duration of heatwaves require a shift from
emergency-oriented responses to integrated, preventive, and multisectoral public health
strategies. Extreme heat should be considered not only an environmental exposure, but also
a nutrition-sensitive public health issue, because it can affect hydration, appetite, food safety,
food access, medication tolerance, functional capacity, and the risk of acute and chronic
disease exacerbation [1,2,5,24]. Within this framework, nutrition and hydration should
be integrated into heat-health action plans as supportive preventive components, while
avoiding the impression that dietary measures alone can prevent heat-related morbidity
and mortality.

Heat-health action plans are among the main public health tools for reducing heat-
related morbidity and mortality. These plans typically include meteorological warning
systems, risk communication, identification of vulnerable groups, health-care preparedness,
surveillance, emergency response, urban adaptation, and evaluation procedures [5,37-39].
The updated WHO guidance on heat-health action plans emphasizes governance, warning
systems, communication, health-system resilience, protection of populations at increased
risk, reduction of heat exposure, heat-health surveillance, and monitoring, evaluation,
and learning as core elements of effective heat preparedness [37]. Nutritional guidance
can be incorporated across several of these elements, particularly communication, clinical
preparedness, protection of high-risk groups, institutional protocols, occupational settings,
and community outreach.

The main domains for integrating nutrition into heat-health action plans are summa-
rized in Figure 4.

Public health communication during heatwaves should provide clear, actionable, re-
peated, and population-specific messages. General recommendations may include regular
water intake, avoidance of alcohol, moderation of sugar-sweetened beverages, use of water-
rich foods as supportive dietary components, preference for digestible meals, and attention
to food safety [7,8,23]. However, these messages should be presented with proper nuance
because their evidence base differs hydration advice is supported by stronger physiological
and public-health evidence, whereas recommendations on meal composition and dietary
patterns are more often based on indirect evidence or physiological plausibility. Univer-
sal messages may also be insufficient or inappropriate for some groups, including older
adults, patients with heart failure or chronic kidney disease, people taking heat-sensitive
medications, athletes, outdoor workers, pregnant women, and children [2,5,11-16,29].
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Figure 4. Integrating nutrition into heat-health action plans. Nutrition-sensitive heat-health ac-
tion plans should combine targeted communication, clinical risk assessment, hydration and menu
protocols, food safety guidance, workplace and school protection, and community outreach with
an equity-oriented approach. These actions may support heat-health preparedness but should be
interpreted as part of a broader adaptation strategy that also includes cooling, urban planning,
occupational protection, clinical care, and emergency response.

Health professionals have a central role in translating heat-health advice into individ-
ualized prevention. Primary care physicians, dietitians, nurses, pharmacists, occupational
physicians, sports medicine professionals, and community health workers can identify
individuals at high risk, review medication-related vulnerability, provide hydration and
dietary counseling, and promote patient-level heat action plans [38,40]. Clinical encounters
before and during summer periods may be used to assess risk factors such as advanced
age, chronic kidney disease, heart failure, diabetes, pregnancy, cognitive impairment, social
isolation, occupational exposure, and limited access to cooling or safe water [2,5,40]. In this
context, nutrition counseling should be embedded in broader heat-risk assessment rather
than delivered as isolated dietary advice.

Institutional and occupational settings require specific heat-nutrition protocols. Nurs-
ing homes, hospitals, rehabilitation facilities, schools, prisons, shelters, and workplaces
should have predefined procedures for hydration rounds, monitoring of fluid intake, menu
adaptation, access to water-rich foods, safe food storage, and recognition of dehydration or
heat-related symptoms [13,23,37,40]. In long-term care facilities, protocols should not rely
solely on spontaneous drinking, especially among older adults with cognitive impairment,
dysphagia, mobility limitations, or reduced thirst perception [11-13,26]. Outdoor and
heat-exposed workers require access to safe drinking water, shaded rest areas, scheduled
breaks, acclimatization procedures, proper clothing, and education on early symptoms of
heat strain [14-16,37]. For workers with prolonged or intense sweating, fluid timing and
sodium replacement may be relevant, but these strategies should be individualized and
should not be generalized to all populations.

Food safety should be included in heat-health planning. High temperatures can
accelerate microbial growth and food spoilage, increasing the risk of foodborne disease
when refrigeration, transport, preparation, or storage are inadequate [23]. Heat-health
plans should therefore include food safety messages for households, schools, hospitals,
nursing homes, restaurants, and community food services. These messages should address
safe storage temperatures, separation of raw and cooked foods, adequate cooking, prompt
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refrigeration, safe drinking water, and special attention to pregnant women, children, older
adults, and immunocompromised individuals [23]. Food safety is particularly important
during heatwaves, power outages, outdoor meals, and institutional catering.

Equity should be a core principle of public health nutrition during heatwaves. So-
cioeconomically disadvantaged populations may have limited access to air conditioning,
safe drinking water, refrigeration, fresh foods, health care, and reliable heat-risk infor-
mation [1,5,24,25,39]. People experiencing homelessness, socially isolated older adults,
migrants, low-income households, and individuals living in poorly insulated housing
may be unable to implement standard recommendations. For these groups, nutritional
advice must be accompanied by material support, including public water access, cooling
centers, food assistance, outreach services, and community-based monitoring [37,41,42].
Without such support, heat-health communication may be ineffective and may widen
existing inequalities.

Surveillance and evaluation are essential to improve heat-health interventions. Pub-
lic health systems should monitor heat-related morbidity, mortality, emergency depart-
ment visits, ambulance calls, occupational incidents, dehydration-related admissions,
kidney injury, and foodborne disease during periods of extreme heat [5,37-39]. Eval-
uation should also assess whether communication campaigns and interventions reach
vulnerable groups, improve hydration behaviors, reduce dehydration, and prevent adverse
outcomes [37,43,44]. Nutrition-related indicators, such as dehydration admissions, institu-
tional hydration monitoring, access to safe water, and foodborne illness during heatwaves,
could strengthen the evaluation of heat-health action plans.

Overall, public health responses to extreme heat should move beyond individual
behavioral advice and adopt a systems-based approach. Nutrition and hydration should
be considered modifiable components of heat-health preparedness, but their effectiveness
depends on clinical appropriateness, institutional support, social equity, environmental
cooling, occupational protection, and access to safe water and adequate food. In a warming
climate, integrating dietary and hydration guidance into heat-health action plans may help
protect vulnerable populations, provided that these strategies are implemented as part of
broader multidisciplinary adaptation policies.

11. Limitations of the Literature

Although the relationship between extreme heat and adverse health outcomes is
supported by a large and growing body of evidence, the specific role of diet and hydration as
structured components of heat-health prevention remains insufficiently investigated. Much
of the available literature focuses on heat-related morbidity and mortality, thermoregulation,
occupational heat strain, sports physiology, and public health preparedness [1-5,14-16,
24,25,31,37-48]. In contrast, fewer studies have directly examined how dietary patterns,
meal composition, water-rich foods, electrolyte intake, and nutritional status influence heat
tolerance, dehydration risk, clinical outcomes, or resilience during real-world heatwaves in
the general population and in vulnerable groups. The final body of literature retained for
synthesis was relatively limited, reflecting the emerging and fragmented nature of research
specifically addressing diet, hydration, and heatwave-related health outcomes.

The first limitation concerns the heterogeneity of heatwave definitions and exposure
metrics. Heatwaves are defined differently across studies, with variation in temperature
thresholds, duration, humidity, night-time temperature, geographic context, and popula-
tion acclimatization [1,5,30]. Moreover, individual heat exposure is influenced not only by
outdoor temperature, but also by housing quality, indoor temperature, urban heat island
effects, clothing, physical activity, occupational conditions, access to cooling, and behav-
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ioral adaptation [5,24,37-39]. This heterogeneity limits the comparability of studies and
complicates the development of standardized nutrition and hydration recommendations.

A second limitation is the limited integration of nutritional variables into heat-health re-
search. Epidemiological studies often evaluate mortality, hospital admissions, cardiovascu-
lar events, renal outcomes, emergency department visits, or occupational injuries, but rarely
include detailed dietary intake, hydration status, electrolyte balance, food access, food
safety, or nutritional vulnerability as exposure or modifying variables [2,15,16,25,38,43,44].
As a result, it remains difficult to quantify the independent or interactive contribution of
nutrition to heat-related outcomes.

A third limitation is the scarcity of intervention studies. Recommendations to drink
water regularly, avoid alcohol, consume water-rich foods, eat smaller and more digestible
meals, and adapt electrolyte replacement to sweat losses are biologically plausible and
consistent with public health guidance [6-8,10,14]. However, few randomized or pragmatic
trials have tested specific hydration and dietary strategies during real-world heatwaves.
Evidence is especially limited for older adults, children, pregnant women, individuals with
chronic kidney disease or heart failure, socially isolated populations, and people living in
poorly cooled housing [11-13,26-29].

Another important limitation is the frequent extrapolation of evidence from sports
and occupational settings to the general population. Studies in athletes, military personnel,
and outdoor workers provide valuable information on sweat losses, fluid replacement,
sodium balance, acclimatization, and heat strain [3,14-16]. However, these populations
differ substantially from older adults, sedentary individuals, patients with chronic diseases,
and socially vulnerable groups. Recommendations derived from exercise physiology
should therefore be adapted carefully, especially regarding electrolyte supplementation,
carbohydrate-electrolyte beverages, sodium intake, and fluid replacement targets [14].

The evidence on meal composition during high-temperature periods is also incom-
plete. Physiological principles suggest that large meals and meals with high thermogenic
load may increase thermal discomfort, whereas smaller, water-rich, nutrient-dense meals
may be more tolerable during hot weather [18,19]. However, direct evidence linking
specific meal patterns, macronutrient composition, meal timing, or food temperature to
heat-related outcomes remains limited. These recommendations should therefore be in-
terpreted as supportive and physiologically plausible rather than as validated heatwave-
specific protocols.

The role of the Mediterranean diet in heat adaptation also requires further investi-
gation. The Mediterranean diet is supported by evidence for cardiometabolic health, di-
etary quality, cultural acceptability, and environmental sustainability [9,21,22,34-36,49,50].
Nevertheless, direct studies examining whether adherence to the Mediterranean diet
improves heat tolerance, hydration status, or heat-related morbidity are lacking. There-
fore, the Mediterranean diet should be considered a useful regional model of healthy,
seasonal, plant-forward, and potentially sustainable eating, rather than a proven heat-
protective intervention.

Another limitation is that this review has a predominantly Mediterranean and Eu-
ropean public health perspective, particularly in the discussion of Mediterranean dietary
patterns, sustainability, and heat-health action plans. Although evidence from broader
climate-health, physiological, occupational, and public health literature was included, the
transferability of some recommendations to other climatic, cultural, socioeconomic, and
food-system contexts should be interpreted with caution.

Food safety is another underdeveloped area. High temperatures increase the risk
of microbial growth, food spoilage, and foodborne disease, but heat-health nutrition
guidance often focuses mainly on hydration rather than safe food storage, handling, and
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institutional food service [23]. This is relevant because heatwaves may simultaneously
increase physiological vulnerability and compromise the safety and accessibility of foods,
particularly in settings with limited refrigeration, power outages, or institutional catering.

Equity-related evidence gaps are also important. Many nutrition recommendations
assume that individuals can access safe drinking water, fresh foods, refrigeration, cooking
facilities, and clinical advice. However, heat vulnerability is strongly shaped by income,
housing, occupation, social isolation, access to water, access to healthy foods, and access
to health care [1,5,24,25,37-39]. Dietary and hydration advice may therefore be difficult to
implement in precisely those populations at highest risk.

Methodologically, narrative reviews are useful for synthesizing complex and interdisci-
plinary topics, especially when evidence is heterogeneous and spans physiology, nutrition,
public health, climate science, and sustainability [51]. However, narrative reviews are
limited by potential selection bias, the absence of formal risk-of-bias assessment, and the
lack of quantitative synthesis. Although this review used a structured narrative approach
and explicitly considered the nature and directness of evidence, it was not designed as a
systematic or scoping review.

Overall, the current literature supports the biological plausibility and public health
relevance of hydration and dietary strategies during high-temperature periods, but major
evidence gaps remain. More rigorous, population-specific, and context-sensitive research is
needed to determine which nutritional interventions are most effective, for whom, under
which environmental conditions, and through which mechanisms.

12. Future Perspectives

Future research should improve the assessment of heat exposure by moving beyond
ambient outdoor temperature alone. Studies should incorporate indoor temperature,
humidity, personal exposure monitoring, heat index, wet-bulb globe temperature, and
time-activity patterns to better characterize the real heat burden experienced in homes,
workplaces, institutions, and urban environments [5,37-39].

Nutritional variables should be more systematically integrated into heat-health re-
search. Observational studies should include dietary assessment, fluid intake, biomark-
ers of hydration, renal function, electrolyte status, nutritional status, medication use,
food access, and food safety as part of heat-risk models [2,15,16,25,38,43,44]. Such data
would help clarify whether nutrition modifies the relationship between heat exposure and
clinical outcomes.

Pragmatic intervention studies are particularly needed. Feasible strategies to test
include scheduled hydration protocols, individualized electrolyte strategies for high-
sweat populations, meal timing, water-rich meal plans, institutional menu adaptation,
and community-based food and water support [11-16,37,40-42,45]. These studies should
prioritize vulnerable settings such as nursing homes, hospitals, schools, workplaces, and
socially disadvantaged communities.

Future studies should also distinguish more clearly among domestic heat exposure,
occupational heat exposure, exercise-induced heat stress, and heat exposure in clinical or
institutional settings [3,14-16]. These contexts differ substantially in sweat losses, fluid
needs, electrolyte requirements, clinical risks, and feasibility of intervention.

The Mediterranean diet and other culturally appropriate plant-forward dietary pat-
terns should be studied cautiously in relation to heat adaptation. Future research should
evaluate whether seasonal, water-rich, minimally processed dietary patterns influence
hydration status, dietary adequacy, and heat-related outcomes during real-world heat-
waves [9,21,22,34-36]. Such studies should account for regional dietary diversity, afford-
ability, food access, cultural preferences, and environmental sustainability.
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Food safety and equity should become central components of heat-health nutrition
research and policy. Future heat-health action plans should include food safety indica-
tors, particularly in nursing homes, hospitals, schools, shelters, and households with
limited refrigeration or during power outages [23,37]. Equity-focused studies should
evaluate whether hydration and dietary interventions are feasible, affordable, culturally
acceptable, and effective among low-income households, migrants, people experienc-
ing homelessness, socially isolated older adults, and communities living in urban heat
islands [1,5,24,25,37-42,45].

Finally, this field would benefit from more focused systematic reviews and, where
possible, meta-analyses on specific questions, such as hydration interventions in older
adults during heatwaves, electrolyte strategies for outdoor workers, food safety inter-
ventions during extreme heat, and nutrition-sensitive components of heat-health action
plans [13,15,41-43,45,51].

Addressing these priorities will be essential to develop evidence-based dietary guid-
ance for increasingly hot summers and to integrate nutrition into climate-resilient public
health systems [52].

13. Conclusions

Climate change is increasing the frequency, intensity, and duration of extreme heat
events, transforming heatwaves into a recurrent public health challenge with important im-
plications for nutrition, hydration, and vulnerable populations. High ambient temperatures
affect human health through thermoregulatory strain, sweating, dehydration, electrolyte
imbalance, cardiovascular and renal stress, inflammation, and impaired cognitive and func-
tional performance [1-5,14,24,25,31]. These effects are particularly relevant for older adults,
children, pregnant women, people with chronic diseases, outdoor workers, athletes, socially
isolated individuals, and socioeconomically disadvantaged groups [1,2,5,11-13,15,16,26-29].

Hydration represents the most directly supported nutritional component of heat-health
prevention. Regular water intake, avoidance of alcohol, moderation of sugar-sweetened
beverages, use of water-rich foods as supportive dietary components, and individualized
electrolyte replacement during prolonged or intense sweating may help reduce dehydration
risk and physiological heat strain [6-8,10-14,17]. However, hydration advice should be
context-specific and should avoid both underhydration and overhydration, particularly in
individuals with chronic kidney disease, heart failure, medication-related vulnerability, or
high occupational or athletic sweat losses.

Dietary strategies during high-temperature periods should aim to preserve nutritional
adequacy while reducing unnecessary digestive and metabolic burden. Smaller, digestible,
nutrient-dense meals and water-rich, minimally processed foods may support diet quality
and gastrointestinal tolerance during hot weather [6-9,17-23]. However, recommendations
on meal size, macronutrient composition, and specific dietary patterns remain based mainly
on physiological plausibility, general nutrition evidence, or extrapolation from related fields
rather than on direct heatwave-specific intervention studies. The concept of “eating light”
should therefore not be interpreted as reducing energy, protein, or micronutrient intake,
especially in vulnerable groups.

The Mediterranean diet may provide a useful regional model because it emphasizes
seasonal plant foods, water-rich fruits and vegetables, legumes, whole grains, olive oil,
culinary simplicity, and minimally processed foods [9,21,22,34-36,49,50]. Nevertheless,
Mediterranean diet adherence has not been directly demonstrated to improve heat tolerance,
hydration status, or heat-related clinical outcomes. Therefore, it should be interpreted
as a culturally rooted and potentially sustainable dietary pattern rather than as a proven
heat-protective intervention.
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From a public health perspective, nutrition and hydration should be incorporated into
heat-health action plans as supportive preventive components. Effective strategies should
include targeted communication, clinical risk assessment, medication-aware hydration
advice, institutional hydration and menu protocols, food safety guidance, workplace
protection, community outreach, and social support for vulnerable groups [37-48]. These
actions should be integrated with environmental cooling, urban planning, occupational
protection, clinical care, emergency response, and equity-oriented policies.

Overall, the available evidence supports the biological plausibility and public health
relevance of hydration and dietary strategies during high-temperature periods, but direct
heatwave-specific intervention studies remain limited. Future research should clarify which
hydration protocols, dietary strategies, electrolyte approaches, food safety interventions,
and population-specific measures are most effective, for whom, and under which envi-
ronmental and clinical conditions. In a warming climate, integrating evidence-informed
nutrition and hydration guidance into climate-resilient public health policies may help pro-
tect vulnerable populations and support healthier and more sustainable food systems [52].
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/ /www.mdpi.com/article/10.3390 /nu18152502/s1. Table S1: Database-specific search strategies
used for the structured narrative review.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: No new data were created or analyzed in this study. Data sharing is
not applicable to this article.

Acknowledgments: During the preparation of this manuscript, the author used GPT-5.5 Thinking ver-
sion (OpenAl, San Francisco, CA, USA) to assist with figure development. All outputs were reviewed,
verified, and edited by the author, who takes full responsibility for the content of this publication.

Conflicts of Interest: The author declares no conflicts of interest.

Abbreviations
The following abbreviations are used in this manuscript:

EFSA  European Food Safety Authority
IPCC  Intergovernmental Panel on Climate Change
WHO  World Health Organization

References

1. World Health Organization. Heat and Health. Available online: https://www.who.int/news-room/fact-sheets/detail /climate-
change-heat-and-health (accessed on 30 June 2026).

2. Ebi, K.L,; Capon, A,; Berry, P; Broderick, C.; de Dear, R.; Havenith, G.; Honda, Y.; Kovats, R.S.; Ma, W.; Malik, A.; et al. Hot
weather and heat extremes: Health risks. Lancet 2021, 398, 698-708. [CrossRef] [PubMed]

3.  Périard, ].D.; Eijsvogels, TM.H.; Daanen, H.A.M. Exercise under heat stress: Thermoregulation, hydration, performance
implications, and mitigation strategies. Physiol. Rev. 2021, 101, 1873-1979. [CrossRef] [PubMed]

4. Jay, O.; Capon, A.; Berry, P; Broderick, C.; de Dear, R.; Havenith, G.; Honda, Y.; Kovats, R.S.; Ma, W.; Malik, A.; et al. Reducing
the health effects of hot weather and heat extremes: From personal cooling strategies to green cities. Lancet 2021, 398, 709-724.
[CrossRef] [PubMed]

5. World Health Organization Regional Office for Europe. Heat and Health in the WHO European Region: Updated Ev-
idence for Effective Prevention, WHO Regional Office for Europe: Copenhagen, Denmark, 2021; Available online:
https:/ /www.who.int/europe/publications/i/item /9789289055406 (accessed on 30 June 2026).

6.  EFSA Panel on Dietetic Products, Nutrition, and Allergies (NDA). Scientific Opinion on Dietary Reference Values for water. EFSA

J. 2010, 8, 1459. [CrossRef]

https://doi.org/10.3390 /nu18152502


https://www.mdpi.com/article/10.3390/nu18152502/s1
https://www.mdpi.com/article/10.3390/nu18152502/s1
https://www.who.int/news-room/fact-sheets/detail/climate-change-heat-and-health
https://www.who.int/news-room/fact-sheets/detail/climate-change-heat-and-health
https://doi.org/10.1016/S0140-6736(21)01208-3
https://www.ncbi.nlm.nih.gov/pubmed/34419205
https://doi.org/10.1152/physrev.00038.2020
https://www.ncbi.nlm.nih.gov/pubmed/33829868
https://doi.org/10.1016/S0140-6736(21)01209-5
https://www.ncbi.nlm.nih.gov/pubmed/34419206
https://www.who.int/europe/publications/i/item/9789289055406
https://doi.org/10.2903/j.efsa.2010.1459
https://doi.org/10.3390/nu18152502

Nutrients 2026, 18, 2502 24 of 26

10.

11.

12.

13.

14.

15.

16.

17.

18.
19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Ministero Della Salute. Ondate di Calore: Dieci Consigli Utili. Available online: https://www.salute.gov.it/new/it/tema/ondate-
di-calore/dieci-consigli-utili/ (accessed on 30 June 2026).

Centers for Disease Control and Prevention. About Heat and Your Health. Available online: https://www.cdc.gov/heat-
health/about/index.html (accessed on 30 June 2026).

Lorca-Cémara, V.; Bosque-Prous, M.; Bes-Rastrollo, M.; O’Callaghan-Gordo, C.; Bach-Faig, A. Environmental and health
sustainability of the Mediterranean diet: A systematic review. Adv. Nutr. 2024, 15, 100322. [CrossRef] [PubMed]

Institute of Medicine. Dietary Reference Intakes for Water, Potassium, Sodium, Chloride, and Sulfate; The National Academies Press:
Washington, DC, USA, 2005. [CrossRef] [PubMed]

Hooper, L.; Bunn, D.; Jimoh, F.O.; Fairweather-Tait, S.J. Water-loss dehydration and aging. Mech. Ageing Dev. 2014, 136137, 50-58.
[CrossRef] [PubMed]

Li, L.; Xiao, X.; Zhang, X. Hydration status in older adults: Current knowledge and future challenges. Nutrients 2023, 15, 2609.
[CrossRef] [PubMed]

Bruno, C.; Collier, A.; Holyday, M.; Lambert, K. Interventions to improve hydration in older adults: A systematic review and
meta-analysis. Nutrients 2021, 13, 3640. [CrossRef] [PubMed]

Sawka, M.N.; Burke, L.M.; Eichner, E.R.; Maughan, R.J.; Montain, S.J.; Stachenfeld, N.S. Exercise and fluid replacement. Med. Sci.
Sports Exerc. 2007, 39, 377-390. [CrossRef] [PubMed]

Flouris, A.D.; Dinas, P.C.; Ioannou, L.G.; Nybo, L.; Havenith, G.; Kenny, G.P,; Kjellstrom, T. Workers” health and productivity
under occupational heat strain: A systematic review and meta-analysis. Lancet Planet. Health 2018, 2, e521-e531. [CrossRef]
[PubMed]

Glaser, J.; Lemery, J.; Rajagopalan, B.; Diaz, H.F.; Garcia-Trabanino, R.; Taduri, G.; Madero, M.; Amarasinghe, M.; Abraham, G.;
Anutrakulchai, S.; et al. Climate change and the emergent epidemic of CKD from heat stress in rural communities: The case for
heat stress nephropathy. Clin. ]. Am. Soc. Nephrol. 2016, 11, 1472-1483. [CrossRef] [PubMed]

Maughan, R.J.; Watson, P.; Cordery, P.A.A.; Walsh, N.P; Oliver, S.J.; Dolci, A.; Rodriguez-Sanchez, N.; Galloway, S.D. A
randomized trial to assess the potential of different beverages to affect hydration status: Development of a beverage hydration
index. Am. J. Clin. Nutr. 2016, 103, 717-723. [CrossRef] [PubMed]

Westerterp, K.R. Diet induced thermogenesis. Nutr. Metab. 2004, 1, 5. [CrossRef] [PubMed]

Quatela, A.; Callister, R.; Patterson, A.; MacDonald-Wicks, L. The energy content and composition of meals consumed after
an overnight fast and their effects on diet induced thermogenesis: A systematic review, meta-analyses and meta-regressions.
Nutrients 2016, 8, 670. [CrossRef] [PubMed]

Chen, X.; Liu, W.; Li, H.; Zhang, J.; Hu, C.; Liu, X. The adverse effect of heat stress and potential nutritional interventions. Food
Funct. 2022, 13, 9790-9807. [CrossRef] [PubMed]

Bach-Faig, A.; Berry, EM.; Lairon, D.; Reguant, ].; Trichopoulou, A.; Dernini, S.; Medina, FX.; Battino, M.; Belahsen, R.; Miranda,
G.; et al. Mediterranean diet pyramid today. Science and cultural updates. Public Health Nutr. 2011, 14, 2274-2284. [CrossRef]
[PubMed]

Food and Agriculture Organization of the United Nations; World Health Organization. Sustainable Healthy Diets—Guiding
Principles; FAO: Rome, Italy, 2019; Available online: https://www.who.int/publications/i/item /9789241516648 (accessed on 30
June 2026).

World Health Organization. Food Safety. Available online: https://www.who.int/news-room/fact-sheets/detail /food-safety
(accessed on 30 June 2026).

Romanello, M.; Walawender, M.; Hsu, S.C.; Moskeland, A.; Palmeiro-Silva, Y.; Scamman, D.; Ali, Z.; Ameli, N.; Angelova, D.;
Ayeb-Karlsson, S.; et al. The 2024 report of the Lancet Countdown on health and climate change: Facing record-breaking threats
from delayed action. Lancet 2024, 404, 1847-1896. [CrossRef] [PubMed]

Zhao, Q.; Guo, Y,; Ye, T.; Gasparrini, A.; Tong, S.; Overcenco, A.; Urban, A.; Schneider, A.; Entezari, A.; Vicedo-Cabrera, A.M.;
et al. Global, regional, and national burden of heatwave-related mortality from 1990 to 2019: A three-stage modelling study. PLoS
Med. 2024, 21, €1004364. [CrossRef] [PubMed]

Pence, J.; Davis, A.; Allen-Gregory, E.; Bloomer, R.J]. Hydration strategies in older adults. Nutrients 2025, 17, 2256. [CrossRef]
[PubMed]

Bernstein, A.S.; Sun, S.; Weinberger, K.R.; Spangler, K.R.; Sheffield, P.E.; Wellenius, G.A. Warm season and emergency department
visits to U.S. children’s hospitals. Environ. Health Perspect. 2022, 130, 017001. [CrossRef] [PubMed]

He, C.; Zhu, Y.; Bachwenkizi, ].; Chen, R.; Kan, H.; Fawzi, W.W. Assessment of heatwave impacts on child feeding practices
across 36 low-income and middle-income countries: A cross-sectional analysis. Lancet Planet. Health 2025, 9, 101281. [CrossRef]
[PubMed]

Lakhoo, D.P; Brink, N.; Radebe, L.; Craig, M.H.; Pham, M.D.; Haghighi, M.M.; Wise, A.; Solarin, I.; Luchters, S.; Maimela, G.;
et al. A systematic review and meta-analysis of heat exposure impacts on maternal, fetal and neonatal health. Nat. Med. 2025, 31,
684-694. [CrossRef] [PubMed]

https://doi.org/10.3390 /nu18152502


https://www.salute.gov.it/new/it/tema/ondate-di-calore/dieci-consigli-utili/
https://www.salute.gov.it/new/it/tema/ondate-di-calore/dieci-consigli-utili/
https://www.cdc.gov/heat-health/about/index.html
https://www.cdc.gov/heat-health/about/index.html
https://doi.org/10.1016/j.advnut.2024.100322
https://www.ncbi.nlm.nih.gov/pubmed/39426729
https://doi.org/10.17226/10925
https://www.ncbi.nlm.nih.gov/pubmed/41896662
https://doi.org/10.1016/j.mad.2013.11.009
https://www.ncbi.nlm.nih.gov/pubmed/24333321
https://doi.org/10.3390/nu15112609
https://www.ncbi.nlm.nih.gov/pubmed/37299572
https://doi.org/10.3390/nu13103640
https://www.ncbi.nlm.nih.gov/pubmed/34684642
https://doi.org/10.1249/mss.0b013e31802ca597
https://www.ncbi.nlm.nih.gov/pubmed/17277604
https://doi.org/10.1016/S2542-5196(18)30237-7
https://www.ncbi.nlm.nih.gov/pubmed/30526938
https://doi.org/10.2215/CJN.13841215
https://www.ncbi.nlm.nih.gov/pubmed/27151892
https://doi.org/10.3945/ajcn.115.114769
https://www.ncbi.nlm.nih.gov/pubmed/26702122
https://doi.org/10.1186/1743-7075-1-5
https://www.ncbi.nlm.nih.gov/pubmed/15507147
https://doi.org/10.3390/nu8110670
https://www.ncbi.nlm.nih.gov/pubmed/27792142
https://doi.org/10.1039/D2FO01813F
https://www.ncbi.nlm.nih.gov/pubmed/36040720
https://doi.org/10.1017/S1368980011002515
https://www.ncbi.nlm.nih.gov/pubmed/22166184
https://www.who.int/publications/i/item/9789241516648
https://www.who.int/news-room/fact-sheets/detail/food-safety
https://doi.org/10.1016/S0140-6736(24)01822-1
https://www.ncbi.nlm.nih.gov/pubmed/39488222
https://doi.org/10.1371/journal.pmed.1004364
https://www.ncbi.nlm.nih.gov/pubmed/38743771
https://doi.org/10.3390/nu17142256
https://www.ncbi.nlm.nih.gov/pubmed/40732881
https://doi.org/10.1289/EHP8083
https://www.ncbi.nlm.nih.gov/pubmed/35044241
https://doi.org/10.1016/j.lanplh.2025.06.005
https://www.ncbi.nlm.nih.gov/pubmed/40712629
https://doi.org/10.1038/s41591-024-03395-8
https://www.ncbi.nlm.nih.gov/pubmed/39500369
https://doi.org/10.3390/nu18152502

Nutrients 2026, 18, 2502 25 of 26

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

Intergovernmental Panel on Climate Change. Climate Change 2023: Synthesis Report; Summary for Policymakers; IPCC: Geneva,
Switzerland, 2023; Available online: https://www.ipcc.ch/report/ar6/syr/summary-for-policymakers/ (accessed on 30 June
2026).

Bouchama, A.; Knochel, J.P. Heat stroke. N. Engl. ]. Med. 2002, 346, 1978-1988. [CrossRef] [PubMed]

Robine, ].M.; Cheung, S.L.K; Le Roy, S.; Van Oyen, H.; Griffiths, C.; Michel, ].P.; Herrmann, FR. Death toll exceeded 70,000 in
Europe during the summer of 2003. Comptes Rendus Biol. 2008, 331, 171-178. [CrossRef] [PubMed]

Ballester, J.; Quijal-Zamorano, M.; Méndez Turrubiates, R.F; Pegenaute, F; Herrmann, FR.; Robine, ] M.; Basagafia, X.; Tonne, C.;
Anté, ].M.; Achebak, H. Heat-related mortality in Europe during the summer of 2022. Nat. Med. 2023, 29, 1857-1866. [CrossRef]
[PubMed]

Dernini, S.; Berry, EM.; Serra-Majem, L.; La Vecchia, C.; Capone, R.; Medina, EX.; Aranceta-Bartrina, J.; Belahsen, R.; Burlingame,
B.; Calabrese, G.; et al. Med Diet 4.0: The Mediterranean diet with four sustainable benefits. Public Health Nutr. 2017, 20, 1322-1330.
[CrossRef] [PubMed]

Perrone, P.; Landriani, L.; Patalano, R.; Meccariello, R.; D’Angelo, S. The Mediterranean diet as a model of sustainability:
Evidence-based insights into health, environment, and culture. Int. J. Environ. Res. Public Health 2025, 22, 1658. [CrossRef]
[PubMed]

Willett, W.; Rockstrém, J.; Loken, B.; Springmann, M.; Lang, T.; Vermeulen, S.; Garnett, T.; Tilman, D.; DeClerck, F.; Wood, A.;
et al. Food in the Anthropocene: The EAT-Lancet Commission on healthy diets from sustainable food systems. Lancet 2019, 393,
447-492. [CrossRef] [PubMed]

World Health Organization Regional Office for Europe. Heat-Health Action Plans: Guidance, 2nd ed.; WHO Regional Office for
Europe: Copenhagen, Denmark, 2026; Available online: https:/ /www.who.int/europe/publications/i/item /9789289062930
(accessed on 30 June 2026).

European Environment Agency. The Impacts of Heat on Health: Surveillance and Preparedness in Europe; European Environment
Agency: Copenhagen, Denmark, 2024; Available online: https:/ /www.eea.europa.eu/en/analysis/publications/the-impacts-of-
heat-on-health (accessed on 30 June 2026).

European Climate and Health Observatory. Heat-Health Action Plans: National Policies in Europe. Available online:
https://climate-adapt.eea.europa.eu/en/observatory/policy /national-policies /heat-health-action-plans (accessed on 30 June
2026).

Centers for Disease Control and Prevention. Clinical Overview of Heat: Guidance for Health Care Providers; CDC: Atlanta, GA, USA,
2025. Available online: https://www.cdc.gov/heat-health /hcp/clinical-overview /index.html (accessed on 30 June 2026).
Dearman, C.; Adams, N.; Brooks, K.; Sousa, A.; Pearce-Smith, N.; Petrokofsky, C. Public health effectiveness of cooling centres
during periods of adverse hot weather: A systematic literature review. Oxf. Open Clim. Change 2025, 5, kgaf020. [CrossRef]
Bassey, P.U.; Ngwu, EA.; Shimobi, O.C.; Isiaka, A.B.; God’swill, C.C.; Hosein, C.; Ephraim-Emmanuel, B.C. Heat-related illnesses:
A scoping review of health system strategies, emergency responses and interventions in heat-prone areas. BMC Public Health
2025, 25, 2679. [CrossRef] [PubMed]

Urban, A.; Huber, V.; Henry, S.; Plaza, N.P,; Tuslov4, L.; Dasgupta, S.; Masselot, P.; Cvijanovic, 1.; Mistry, M.; Pascal, M.; et al.
The effectiveness of heat prevention plans in reducing heat-related mortality across Europe. Environ. Res. Lett. 2025, 20, 124071.
[CrossRef] [PubMed]

Janos, T.; Quijal-Zamorano, M.; Shartova, N.; Gallo, E.; Méndez Turrubiates, R.F,; Denisse Beltran Barrén, N.; Peyrusse, E.;
Ballester, J. Heat-related mortality in Europe during 2024 and health emergency forecasting to reduce preventable deaths. Nat.
Med. 2025, 31, 4065-4074. [CrossRef] [PubMed]

Das, ].K,; Das, ].K.; Kumari, B.; Rahman, A.R.; Azhar, M.; Khan, S.; Masood, U.; Karan, D.; Yasin, R.; Burman, C.; et al. Evaluation
of community-based heat adaptation interventions: A systematic review. BM] Public Health 2025, 3, €002332. [CrossRef] [PubMed]
Widerynski, S.; Schramm, P.J.; Conlon, K.C.; Noe, R.S.; Grossman, E.; Hawkins, M.; Nayak, S.U.; Roach, M.; Hilts, A.S. The Use of
Cooling Centers to Prevent Heat-Related Illness: Summary of Evidence and Strategies for Implementation; Centers for Disease Control
and Prevention: Atlanta, GA, USA, 2017. Available online: https:/ /stacks.cdc.gov/view /cdc/47657 (accessed on 30 June 2026).
Casanueva, A.; Burgstall, A.; Kotlarski, S.; Messeri, A.; Morabito, M.; Flouris, A.D.; Nybo, L.; Spirig, C.; Schwierz, C. Overview of
existing heat-health warning systems in Europe. Int. |. Environ. Res. Public Health 2019, 16, 2657. [CrossRef] [PubMed]
Bouchama, A.; Dehbi, M.; Mohamed, G.; Matthies, F.; Shoukri, M.; Menne, B. Prognostic factors in heat wave related deaths: A
meta-analysis. Arch. Intern. Med. 2007, 167, 2170-2176. [CrossRef] [PubMed]

Perrone, P.; D’Angelo, S. Gut microbiota modulation through Mediterranean diet foods: Implications for human health. Nutrients
2025, 17, 948. [CrossRef] [PubMed]

Serra-Majem, L.; Tomaino, L.; Dernini, S.; Berry, E.M.; Lairon, D.; Ngo de la Cruz, J.; Bach-Faig, A.; Donini, L.M.; Medina, F-X,;
Belahsen, R.; et al. Updating the Mediterranean Diet Pyramid towards Sustainability: Focus on Environmental Concerns. Int. J.
Environ. Res. Public Health 2020, 17, 8758. [CrossRef] [PubMed]

https://doi.org/10.3390 /nu18152502


https://www.ipcc.ch/report/ar6/syr/summary-for-policymakers/
https://doi.org/10.1056/NEJMra011089
https://www.ncbi.nlm.nih.gov/pubmed/12075060
https://doi.org/10.1016/j.crvi.2007.12.001
https://www.ncbi.nlm.nih.gov/pubmed/18241810
https://doi.org/10.1038/s41591-023-02419-z
https://www.ncbi.nlm.nih.gov/pubmed/37429922
https://doi.org/10.1017/S1368980016003177
https://www.ncbi.nlm.nih.gov/pubmed/28003037
https://doi.org/10.3390/ijerph22111658
https://www.ncbi.nlm.nih.gov/pubmed/41302604
https://doi.org/10.1016/S0140-6736(18)31788-4
https://www.ncbi.nlm.nih.gov/pubmed/30660336
https://www.who.int/europe/publications/i/item/9789289062930
https://www.eea.europa.eu/en/analysis/publications/the-impacts-of-heat-on-health
https://www.eea.europa.eu/en/analysis/publications/the-impacts-of-heat-on-health
https://climate-adapt.eea.europa.eu/en/observatory/policy/national-policies/heat-health-action-plans
https://www.cdc.gov/heat-health/hcp/clinical-overview/index.html
https://doi.org/10.1093/oxfclm/kgaf020
https://doi.org/10.1186/s12889-025-24012-4
https://www.ncbi.nlm.nih.gov/pubmed/40770301
https://doi.org/10.1088/1748-9326/ae2775
https://www.ncbi.nlm.nih.gov/pubmed/41446344
https://doi.org/10.1038/s41591-025-03954-7
https://www.ncbi.nlm.nih.gov/pubmed/40983745
https://doi.org/10.1136/bmjph-2024-002332
https://www.ncbi.nlm.nih.gov/pubmed/40687959
https://stacks.cdc.gov/view/cdc/47657
https://doi.org/10.3390/ijerph16152657
https://www.ncbi.nlm.nih.gov/pubmed/31349585
https://doi.org/10.1001/archinte.167.20.ira70009
https://www.ncbi.nlm.nih.gov/pubmed/17698676
https://doi.org/10.3390/nu17060948
https://www.ncbi.nlm.nih.gov/pubmed/40289944
https://doi.org/10.3390/ijerph17238758
https://www.ncbi.nlm.nih.gov/pubmed/33255721
https://doi.org/10.3390/nu18152502

Nutrients 2026, 18, 2502 26 of 26

51. Greenhalgh, T.; Thorne, S.; Malterud, K. Time to challenge the spurious hierarchy of systematic over narrative reviews? Eur. |.
Clin. Investig. 2018, 48, €12931. [CrossRef] [PubMed]

52.  World Health Organization. Global Action Plan on Climate Change and Health (2025-2028); World Health Organization: Geneva,
Switzerland, 2025; Available online: https://apps.who.int/gb/ebwha/pdf_files/WHA78/A78_4Add2-en.pdf (accessed on 30
June 2026).

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https:/ /doi.org/10.3390/nu18152502


https://doi.org/10.1111/eci.12931
https://www.ncbi.nlm.nih.gov/pubmed/29578574
https://apps.who.int/gb/ebwha/pdf_files/WHA78/A78_4Add2-en.pdf
https://doi.org/10.3390/nu18152502

	Introduction 
	Materials and Methods 
	Evidence Framework for Nutrition and Hydration During Heat Exposure 
	Climate Change, Heatwaves, and Heat-Health Context 
	Physiological Responses to High Ambient Temperatures 
	Hydration, Electrolytes, and Prevention of Dehydration 
	Dietary Intake During High-Temperature Periods: Meal Composition and Diet Quality 
	Population-Specific Considerations for Vulnerable Groups 
	Mediterranean Diet, Seasonality, and Environmental Sustainability 
	Public Health Implications 
	Limitations of the Literature 
	Future Perspectives 
	Conclusions 
	References

