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Definition

The intensified exposure to high temperature in urban areas, resulting from the combination
of heat waves and the urban heat island (UHI) effect, necessitates a deeper understanding
of the climate–health relationship. This knowledge directly influences the strategies em-
ployed by policy makers and urban planners in their efforts to regenerate cities and protect
their population. Nature-based solutions and the widely accepted 15 min city model,
characterized by a polycentric structure, should drive the implementation of effective
adaptation policies, especially given the persistent delay in mitigation efforts. However, it
is less clear whether current or future policies are adequately structured to broadly address
the complex forms of social vulnerability. A prime example of this complexity is the de-
mographic shift observed since the mid-20th century, characterized by a relative increase
in the elderly population, and a shrinking youth demographic. While extensive literature
addresses the physiological impacts of heat wave on human health, evidence regarding the
neuro-psychological and cognitive implications for elderly individuals, who frequently suf-
fer from chronic diseases, remains less comprehensive and more fragmented. The purpose
of this concise review is to emphasize that crucial findings on the climate–health relation-
ship, particularly concerning the elderly, have often been developed within disciplinary
silos. The lack of comprehensive interdisciplinary integration coupled with an incomplete
understanding of the full spectrum of vulnerabilities (encompassing both physiological
and cognitive) may lead to urban policies that are egalitarian in principle but fail to achieve
true equity in practice. This review aims to bridge this gap by highlighting the need for a
more integrated approach to urban policy and regeneration.

Keywords: adaptation policies; equity; social fragility; human health; heat waves; vulnerability;
fragiles; urban regeneration; mental health

1. Introduction
The relationship between meteorology and climate on the health and behavior of

living beings has been a subject of interest since the earliest days of medicine. Today,
influences on health are undeniably linked to rapid urbanization, and the changing de-
mographic structure of high-income countries, particularly the increasing proportion of
elderly individuals. Climatic phenomena, both large-scale and local, can lead to significant
physical and neurological impairments in large sections of the population. Economic,
social, and health determinants of fragility undoubtedly exacerbate these phenomena.
Urban climate has been proven to contribute to the onset of pathologies. However, the
neuro-psychological aspect of this contribution remains in the specialist sphere, finding
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few connections in the master plan organization of cities. This literature review aims to
highlight which aspects of neurological disorder are attributable to interaction with the
local climate, with a particular focus on elderly. This allows for a subsequent analysis of
urban regeneration techniques that could mitigate, if not prevent, such impacts on the more
vulnerable segments of the population.

A significant number of studies are focusing on urban climates and their impact on
the well-being of the resident population. However, despite substantial improvements in
our understanding of urban climate since Howard’s pioneering 1833 study (which effec-
tively created the discipline) [1], how urbanization and climate change will interact in the
future remains uncertain. Cities are a clear and present danger, a potential source of air,
water, and soil pollutants. It is vital to acknowledge the impact of various environmental
factors, including heat islands, CO2 domes, particulate matter, and ozone, on human
health. The lack of parks and green spaces and the distance urban residents feel from
the natural world can have adverse physio-psychological effects [2,3]. Thus, creating a
“climate resilient” urban environment requires us to integrate scientific knowledge and
management skills.

Addressing urban resilience requires a broader system of governance. This governance
must encompass the city’s performance as a built environment, its ability to withstand and
absorb the effects of environmental hazards, and its ability to reduce the exposure of the
population, especially its most vulnerable members, to health risks [4,5]. Global change
presents us with the opportunity to address the problem of understanding and controlling
urban processes from the perspective of an “ecology of the city” [6–8]. This perspective
aligns with international frameworks such as the United Nations Sustainable Development
Goal 11 (SDG#11), “Sustainable cities and Communities”, which advocates for inclusive,
safe, resilient, and sustainable human settlements (Figure 1) [9].

Specific targets for SDG#11, like enhancing inclusive and sustainable urbanization, are
directly relevant to fostering healthier cities and protecting fragile. It is vital to recognize
that not all cities can provide an ideal environment for the elderly, especially in large cities.
This is the conclusion of the European Commission report on the quality of life in European
Cities 2024. In Europe, the proportion of people aged 65 and over went up from 18% in 2012
to 21% in 2022, and is expected to be 24% in 2030 and up to 29% in 2050. It is encouraging
to see that the development of elder-friendly cities has become a key urban planning goal.
Only 78% of them think that their city is a good place to grow old. This opinion varies
widely among European regions. There is higher acceptance in the north and west then in
the east and south. Cities’ size is a key factor: smaller cities are clearly more welcoming for
the elderly than larger ones. About 83% of elderly in cities with a population of less then
250,000 say they are satisfied, compared with 75% in cities with a population of between 1
and 5 million inhabitants [10]. This demographic trend, which characterizes all industrially
advanced countries, suggests a future that will undoubtedly present social and health
issues, as well as economic ones. We must consider a comprehensive prevention approach,
which could include structural modifications to our cities. This can be done in line with
the UN Sustainability Agenda 2020–2030 (Figure 1) and the World Health Organization
(WHO) recommendations provided in the One-Health Approach [11].
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Figure 1. Specific targets of Sustainable Development Goal 11 (SDG#11) of U.N. Sustainability Agenda
2020–2030. Adapted from [9].

2. Local Climate Effects on Population Health
Urban air pollution and urban heat waves represent subjects of persistent and signifi-

cant concern in scientific discourse, political deliberations, and public health considerations.
The relationship between heat waves and a worsened air quality is explained by the

fact that the urban structure responds to a higher enthalpy content (heat accumulated
in materials) of the city, causing a high degree of mixing of pollutants emitted into the
environment and, in fact, trapping them inside it for long periods of time.

The WHO is responsible for the monitoring of the concentration of pollutants in
urban areas and the subsequent effects on human health. It is estimated that in 2019,
approximately 7 million people died because of exposure to air pollutants [12]. This
number underscores that atmospheric contamination represents the most significant threat
to public health in the contemporary era.

Heat waves are high-temperature spikes lasting a few days and exceeding typical
seasonal temperatures. This phenomenon is related to climate change, as they have in-
creased in frequency and intensity. The frequency and intensity of heat waves are extreme
events related to climate change, with a regional effect. The 2003 European heatwave, dur-
ing which Italy, France, Spain, Germany, Portugal, and Switzerland collectively recorded
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72,210 heat-related fatalities, serves as a particularly salient exemplar of the potential con-
sequences of inadequate preparedness for climate change. It is evident that elevated and
protracted heat waves exert a direct influence on well-being, particularly among vulnera-
ble demographics such as children, the elderly, and the infirm [13–15]. More recent data
continue to demonstrate the severe health impacts of heatwaves, including substantial
excess mortality across Europe in subsequent extreme heat events, such as the summer of
2022 [16,17]. Similar trends are observed in US cities [18]. As Masselot et al. [17] highlighted,
a cumulative exposure–response relationship has been identified for several age groups,
with an increasing trend of relative risk for increasing age (Figure 2).

Figure 2. Mortality relative risk as a function of temperature for age groups. Adapted from [17].

In urban areas, the microclimate is known to differ significantly from that of surround-
ing regions. This discrepancy has been shown to result in an exacerbation of events that
engender greater levels of discomfort, in addition to direct impacts on human health. Such
impacts may include respiratory difficulties, fatal and non-fatal strokes, and sleep cycle
disruption. Kalkstein et al. [19] estimated that, in forty large cities in the United States,
there were an additional 1300 deaths per year in the decades 1975–2004 due to Excessive
Heat Events (EHEs). More recent analyses continue to highlight persistent heat-related
mortality and morbidity in urban settings, especially for vulnerable groups [18].

The social implications of elevated EHE encompass not only mortality but also mor-
bidity, resulting in increased hospital admissions. During the 1995 Chicago heat wave,
which persisted for more then a week, a total of 1072 excess admissions were documented,
representing an increase of approximately 11% in comparison with typical conditions.
Most of these cases (56%) necessitated treatment for dehydration, heatstroke, and heat
exhaustion. Semenza et al. (1999) [20] also revealed excess hospital admissions for cardio-
vascular disease, diabetes, respiratory disease (such as pneumonia, emphysema, asthma,
and chronic obstructive), kidney disease, and nervous system disorders through their
analysis. As a corollary to the diagnosis of heatstroke, diagnoses of hydro-electrolytic
disorders and acid–base imbalances have been made, in addition to acute renal failure
following dehydration. A 20% increase in the prevalence of pneumonia and emphysema
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was observed in the hospital admissions, attributed to the hot and humid climate. As
Semenza et al. (1999) [20] have demonstrated, individuals suffering from diabetes are
acutely susceptible to the adverse effects of heat waves.

During the summer of 2003, a period of extreme heat characterized by elevated temper-
atures occurred in western Europe. This EHE was of a magnitude that was unprecedented
in historical records. It was estimated that occurrences of this magnitude had not been
witnessed in the last 150 years. Temperatures remained well above the climatological aver-
age for a period of approximately three months (1 June to 31 August) over a geographical
region extending from the Iberian Peninsula to Germany and Italy, with a primary focus on
France. In the latter country, temperatures exceeded 38 ◦C for a period of seven days. As
Kalkstein et al. (2008) [21] demonstrate, the maximum daily temperature was 6 ◦C higher
than the average maximum temperature, while the minimum daily temperatures were
also extremely above average. It is estimated that the number of heat-related mortalities in
France alone exceeded 15,000 cases [22,23].

Conti et al. (2005) [24] conducted an epidemiological study of the 2003 EHE, which
strongly emphasized the role of UHI during heat waves. The study demonstrated that the
increase in mortality occurred primarily among elderly people living in urban areas.

It is evident that there is an urgent need to formulate urban management strategies
that can mitigate the severe impacts on citizens’ health.

The primary adaptation strategies must be initiated by local health authorities, who
can act at various levels and provide information on the effects of climate change and its
threats to the health of the urban population. Early warning systems have been shown to be
valuable instruments in the provision of strategic warnings to residents, with the purpose
of informing them of extreme weather events and enabling them to react accordingly. In the
long term, tactical measures to be employed to facilitate urban adaptation to climate change
may be categorized as follows: the planting of trees, the adoption of green and reflective
roofs, and permeable pavements, with a view to reducing the intensity and size of urban
heat islands. Health facility measures are important, such as plans to prevent heat stress
risks. In addition, the creation of emergency plans in case of flooding is recommended.

3. Neurological and Mental Health Effects of Local Climate
There is a link between climate alteration and our psyche. This manifests itself through

complexities that characterize our daily lives. Exploring the origins and consequences
of such global phenomena in more depth is the key to understanding their influence on
our physical bodies, minds, and emotional states. It is vital to recognize the impact of
environmental determinants, which are in a constant state of flux and evolution, on our
psychological well-being. These difficulties inevitably lead to a range of reactions, including
forms of adaptation and resilience, and in some cases, more profound existential crises. It
is vital to consider how these changes in climate impact social relations among individuals.
This creates opportunities for a more thoughtful and mindful understanding and man-
agement of our natural environment, as well as our mental well-being and psychological
health [2,3]. It is important to clarify that while “psychological well-being” encompasses
emotional states, stress, and coping mechanisms, “neurological effects” refer to direct im-
pacts on brain function and structure, potentially leading to specific neurological disorders.
However, these two domains are intricately linked; prolonged psychological distress can
exacerbate or trigger neurological vulnerabilities, and vice-versa: studies have reported
significant associations between well-being and various areas of the brain [25]. As Figure 3
shows, climate-related hazards, long-term risks, exposure pathways, and vulnerabilities
all intersect to influence mental health through direct and indirect pathways. It is crucial
to understand that these factors do not operate in isolation. They can overlap with each
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other. People are exposed to multiple climate and environmental impacts at the same time.
Populations’ existing vulnerabilities can be exacerbated by long-term, large-scale climate
risks or short-term, local-scale risks, with all the variability this entails, leading to increased
inequalities [8,26]. The resulting impacts have significant implications for mental health
and well-being. The Intergovernmental Panel on Climate Change (IPCC) is clear: climate-
related diseases, premature deaths, malnutrition in all its forms, and threats to mental
health and well-being are increasing. Health systems worldwide are under-resourced and
have a minimal capacity to respond to climate change, with particularly little support for
mental health [27].

 
Figure 3. Main connections between climate change and mental health. Adapted from [28].

Environmental, social, and economic determinants of mental health include air quality,
water quantity and quality, food security, income and livelihoods, ecosystem changes, and
a range of other social and economic pathways.

Climate change will have an adverse effect on all of us. For instance, during periods of
high temperatures, air pollution has been known to cause respiratory illnesses that increase
demand for health services, reduce mobility and ability to work, and have mental health
impacts ranging from minimal stress and discomfort to the development of mental illness,
particularly in low-income settings [29]. In highly urbanized environments, the local climate
generates the urban heat island (UHI), which has the potential to produce a re-entrapment
or concentration of pollutants within the city fabric. This indicates a clear link between
the built environment and the pollutants themselves. The case of prolonged droughts, for
example, clearly illustrates the impact of climate change on these determinants. It is vital
to recognize the considerable impact of drought on agricultural production and the risk
of loss of livelihoods, which can exacerbate the challenges faced by many communities,
including the risk of poverty. This has been linked to the development of common mental
illnesses [30]. Droughts can contribute to water scarcity and food insecurity, which in turn
can have a negative impact on mental health and increase the risk of mental illness [31–33].

Food shortages resulting from drought can lead to developmental delays, mental health
problems and neurological problems resulting from poor or inadequate nutrition [32,34]. It is
vital to understand the impact of climate change on mental health determinants like these.
This knowledge is essential for both understanding their impacts and taking climate action.

It is vital to acknowledge that some groups are more vulnerable to the impacts of
climate change due to existing inequalities. Disability is a complex phenomenon with many
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facets, resulting from the interaction between long-term physical, mental, intellectual or
sensory impairments, which are often invisible, and environmental barriers, as well as the
increased prevalence of age-related disabilities, given that almost half of people over the age
of 65 have some form of disability. This is particularly evident in low- and middle-income
countries, despite their historically low levels of greenhouse gas emissions [35–40]. For
instance, indigenous peoples define well-being in terms of harmony with their natural
environment, which is subject to significant change in the context of climate change. They
are most affected by the loss of even small amounts of land, wildlife, or other climate-
related impacts. It is also clear that children and adolescents are particularly affected and
will exhibit intense reactions to the scale of the crisis and lack of action [41]. Crucially,
older adults represent another highly vulnerable demographic, often facing compounding
factors such as reduced mobility, chronic health conditions, social isolation, and lower
socioeconomic status, which intensify their susceptibility to climate-related mental and
neurological health impacts.

However, understanding vulnerability requires an analysis aimed at identifying con-
textual factors [42]. It is crucial to understand that vulnerability is not determined by a
single factor. However, when there are multiple, often interacting, vulnerability factors,
the effects are often multiplied [34,43–45]. For instance, an individual may be older, have a
lower socioeconomic status, reside in a water-stressed area, or suffer from a chronic disease.
However, this does not automatically make them as vulnerable as someone experiencing
all these factors concurrently.

The mental health consequences of climate change are well-documented [46–51]. They
range from minimal stress and symptoms of distress to clinical disorders, including anxiety
and sleep disturbances [52], depression, post-traumatic stress, and suicidal thoughts [53,54].
Other consequences include the effect on individuals and communities in their daily
lives, perceptions, and experiences. They also have to cope, understand, and respond
appropriately to climate change and its implications. It is vital to acknowledge that people
exposed to climate- or weather-related natural disasters often experience significant stress
and mental health consequences. Climate change will undoubtedly lead to more frequent
natural disasters. It is vital to acknowledge that reactions to extreme events involving
disruption of life, such as loss of life, resources, social support, and social networks,
or extensive relocation, can lead to post-traumatic stress disorder (PTSD), depression,
and general anxiety, increased substance use or misuse, and suicidal thoughts. Research
has clearly shown a link between peritraumatic experience and acute stress during and
immediately after a disaster, which can undoubtedly lead to the onset of PTSD [55].

Both direct and indirect health impacts of extreme heat and extreme precipitation have
been identified as part of the relationship between climate and health. Health risks caused
by these factors have increased significantly in recent years [56,57].

There is a complex interconnection between physical health, mental health, human
well-being, and heat waves. Heat stress, which heat waves can cause, is associated with
mood disorders, anxiety, and related consequences [58,59]. People with mental illness
are more vulnerable to the consequences of heat waves [53,60] and that exposure to heat
waves during pregnancy, particularly in the second and third trimesters, is associated
with lower mean birth weight and an increased likelihood of preterm delivery. While
the paper primarily focuses on the elderly, it is also important to note that exposure to
heatwaves during pregnancy, particularly in the second and third trimesters, is associated
with lower mean birth weight and an increased likelihood of preterm delivery. The effects
during childhood and adulthood are also clear: reduced education and economic activity,
behavioral and motor problems, and reduced IQ [53]. While these specific instances may
deviate slightly from the direct elderly focus, they illustrate the broad and pervasive
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neurological/cognitive impacts of extreme heat. There is clear evidence of a difference
in vulnerability between the sexes. The 2003 European heatwave saw a higher death
rate in women than in men. The negative outcomes of heatwaves are also related to
social factors. Women, young people, and people with low socioeconomic status are
more vulnerable to disaster-related anxiety and mood disorders. People enjoy the outdoor
environment more during the summer months, which can increase the likelihood of conflict
arising. Higher temperatures are associated with increased discomfort, escalating hostility,
aggressive thoughts, and possibly even actions. Cities with higher temperatures have a
greater propensity for violence. There has been a clear increase in heat-related violence,
particularly during the summer months and in warmer years [61].

4. Integrated and Multidisciplinary Approaches for Urban Resilience
The segments of the population most affected by this phenomenon are the elderly,

children, people with disabilities, and the chronically ill (the so-called frail population), with
whom a low-income condition may also be associated. It is vital to consider the citizen as an
individual with specific needs and to understand, assess, and plan protection mechanisms
to make the city truly equitable. Mobility impairment can impede an individual’s ability to
navigate the city and fulfil their needs and desires. These difficulties result in increased
exposure time and, consequently, heightened climate risk for individuals with disabilities.
It is therefore imperative that specific policies are implemented to mitigate the urban
environment, with a view to reducing the relative risk to people with disabilities by
decreasing their exposure to high temperatures. One such measure might be the creation
of more shaded areas. The ‘Life Project’, an Italian law [62], is the key to overcoming
urban isolation enhancing accessibility during EHEs, including for the most vulnerable
members of society, such as individuals living with disabilities. This measure is crucial in
reducing their risk of exposure to heat. The law proposes a new definition of disability,
moving away from the biomedical model, which focuses on illness and disorder, and
adopting a biopsychosocial approach that takes into account the interaction between the
individual, their health conditions and environmental and social barriers. For instance, the
fundamental evaluation—a compulsory procedure for all individuals seeking recognition
of disability—transforms into a multidisciplinary and personalized process that considers
all dimensions of the individual’s life, encompassing not only their impairments but also
their functionality and capacity to navigate the physical and social environment. The
law introduces the obligation of reasonable accommodation for all public and private
entities. Reasonable accommodation is defined as a measure aimed at finding a compromise
between what is and can be offered by both the public and private entities requesting the
Life Project. Every person with a disability must be assured the right to full integration into
the community. This means ensuring equal freedom of choice as well as full involvement
in the life of society. This concept must be extended to the entire frail population. Cities
must be equitable towards the needs of disabled people and the elderly. This is not only a
primary need, but also a way of fully satisfying expectations and enabling autonomous
decisions [63]. A paradigm shift is needed: we must move from focusing on needs to
considering the rights of the frail, valuing the principle of quality of life, and promoting
pathways to autonomy. The aim is to create a city of reliable citizenship for all. There are
no easy answers when it comes to addressing the challenges of urban climate adaptation.
Adaptation is political. Planning is constrained by complex, contextual, and uneven factors.
The field of urban climate adaptation planning is still in its early stages, but this will
soon change. A truly integrated approach to urban resilience against climate change
impacts, particularly concerning neuro-psychological health in vulnerable populations,
must encompass several key pillars:
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• Health Sector Adaptation and Public Health Interventions: Local health authorities
are crucial in initiating primary adaptation strategies. This involves developing and
disseminating clear information on climate change impacts and health threats, partic-
ularly targeting vulnerable groups. Implementing robust early warning systems for
extreme weather events is vital for providing strategic warnings to residents, inform-
ing them and enabling timely adaptive behaviors. Beyond warnings, the health sector
must proactively adapt its facilities and services. This includes ensuring hospitals
and care homes are climate-resilient (e.g., equipped with adequate cooling systems,
backup power during heatwaves/power outages), training healthcare professionals
on climate-related health risks (both physical and mental), and developing specialized
support programs for the elderly and those with chronic conditions to manage heat
stress and air pollution impacts.

• Urban Planning and Design: Tactical, long-term measures for urban adaptation are
essential to reduce the intensity and size of urban heat islands (UHIs). These include
extensive urban greening initiatives, such as widespread tree planting campaigns to
increase canopy cover and provide shade; the adoption of green roofs and reflective
pavements to reduce heat absorption; and the implementation of permeable surfaces to
improve water management and reduce flood risks. Such measures not only mitigate
physical climate impacts but also offer significant co-benefits for mental well-being by
increasing access to nature and improving urban aesthetics.

• Social and Community Support Systems: Beyond physical infrastructure, strength-
ening social cohesion and community networks is critical. This involves creating
community-based programs that support vulnerable individuals, promoting inter-
generational activities, and establishing accessible cooling centers during heatwaves.
Digital inclusion initiatives can also help bridge the gap for isolated seniors, ensuring
they receive vital information and support.

• Multi-Scalar Governance and Policy Integration: Effective climate adaptation requires
collaboration across different governance levels (local, regional, national) and integra-
tion across various policy sectors (health, urban planning, social services, environment).
This ensures that climate resilience is embedded in all aspects of urban development,
not treated as an isolated issue.

• Research and Data-Driven Strategies: Continued application of mixed methods re-
search is needed to explore and refine urban adaptation policies globally [64]. This
includes rigorous monitoring and evaluation of implemented strategies to ensure their
effectiveness and adaptability to evolving climatic conditions.

By embracing such an integrated and multifaceted approach, cities can move to-
wards becoming truly resilient, equitable, and supportive environments for all citizens,
particularly those most susceptible to climate change impacts.

5. Conclusions
This review has underscored the critical and escalating impact of urban climatic phe-

nomena, particularly the urban heat island (UHI) effect and air pollution, on human health.
A key focus has been their neuro-psychological consequences for vulnerable populations,
especially the elderly. We have highlighted how rapid urbanization and demographic
shifts, coupled with extreme weather events, exacerbate pre-existing fragilities, leading to a
range of physical and mental health challenges.

The evidence presented reinforces that health systems worldwide are currently under-
resourced to address these escalating climate-related health threats, particularly regarding
mental health support. Our discussion has emphasized the intricate links between envi-
ronmental stressors (e.g., extreme heat, air pollution, and indirectly, food insecurity due to
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drought) and adverse neuro-psychological outcomes, including stress, anxiety, depression,
and other physiological disorders.

To effectively mitigate these impacts, this paper advocates for a robust, integrated,
and multidisciplinary approach to urban resilience, as detailed in Section 4. This includes
crucial actions within the health sector (e.g., enhanced preparedness, early warning sys-
tems, adapted facilities), strategic urban planning and design (e.g., widespread green
infrastructure, reflective surfaces to counteract UHI), and the reinforcement of social and
community support systems. Such a comprehensive strategy is essential to create equitable
and supportive urban environments.

Despite significant advancements, further research is still needed to fully comprehend
the multifaceted long-term consequences of climate change on mental health, especially
in diverse vulnerable groups. Future studies should continue to explore the intricate
correlations between climate phenomena and both physiological and neurological disorders.
There is also a recognized need for more research on specific psychological reactions to
landscape changes (e.g., solastalgia, eco-anxiety) and to develop a deeper understanding of
acute, sub-acute, and long-term consequences. It is imperative that future research adopts
an increasingly multidisciplinary lens, fostering a common language across fields to better
address these complex challenges. Scholars must particularly concentrate on how different
vulnerable segments of the population are affected by natural disasters and climate change,
and how to effectively deploy protective measures and health resources. Ultimately, urban
policy and regeneration initiatives must prioritize vulnerable groups, not as a minority, but
as the central focus of intervention, ensuring their autonomy and well-being in the face of
evolving climatic conditions.
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