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Abstract: In recent years, the environmental impacts of climate change have become increasingly 

evident. Extreme meteorological events are influenced by climate change, which also alter the mag-

nitude and pattern of precipitations and winds. Climate change can have a particularly negative 

impact on respiratory health, which can lead to the emergence of asthma and allergic respiratory 

illnesses. Pollen is one of the main components of the atmospheric bioaerosol and is able to induce 

allergic symptoms in certain subjects. Climate change affects the onset, length, and severity of the 

pollen season, with effects on pollen allergy. Higher levels of carbon dioxide (CO2) can lead to en-

hanced photosynthesis and a higher pollen production in plants. Pollen grains can also interact with 

air pollutants and be affected by thunderstorms and other extreme events, exacerbating the insur-

gence of respiratory diseases such as allergic rhinitis and asthma. The consequences of climate 

change might also favor the spreading of pandemics, such as the COVID-19 one. 

Keywords: respiratory allergy; climate change and allergy; biodiversity and allergy; pollen allergy; 
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1. Introduction 

Climate change is a physic meteorological fact and, among its effects, is an impact on 

human health. Heat waves, an increase in precipitation, floods, droughts, hurricanes, 

thunderstorms, and sandstorms are just some of the environmental consequences of cli-

mate change. Its other effects include impacts on respiratory health and allergies due to 

pollen exposure and modifications in its chemical composition, concentration, and aller-

genic potential, also causing the growth of new, allergenic plant species. 

In addition to global health, allergies are among the diseases most influenced by cli-

mate change [1]. Evidence is accumulating that, besides the climate, climate change affects 

food supplies, water, and soil and air quality. Several experimental and epidemiological 

studies have tackled the topic of how respiratory diseases, such as asthma and allergy, are 
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linked to air pollutants, meteorology, aeroallergens, and other environmental factors [2–

6]. Around the world, climate change has negative effects on health, increasing the cases 

of respiratory diseases, acute cardio-respiratory cases, and allergies due to pollen and fun-

gal spores. 

Respiratory diseases, such as bronchial asthma and allergies, have become more 

prevalent over the past few decades in most industrialized countries due to westernized 

lifestyles and urbanization, with its high levels of automobile pollution [3–5]. Biological 

particles and chemical elements in the air can be affected by climate and meteorological 

factors [3–5]. Increases in temperature, humidity, and extreme events such as thunder-

storms can have effects on different biopollutants, worsening their potentially dangerous 

health effects. 

2. Climate Change, Why and How? 

Nowadays, millions of tons of carbon dioxide (CO2), one of the gases that contributes 

the most to the greenhouse effect, are produced each year by burning thousands of hec-

tares of forests worldwide and as a result of several human activities [7–9]. 

Higher CO2 concentrations in the atmosphere modify the growth and phenology of 

plants in many ways, for example by enhancing photosynthesis or increasing their pollen 

production and the duration of pollination periods [10,11]. 

Regional differences in the trend of climate change are caused by factors related to 

geography, meteorology, land use, and energy output. This results in different degrees of 

increase in cases of allergic diseases, which can be also influenced by the application of 

mitigation measures regarding the limitation of greenhouse gas emissions [2]. The main 

greenhouse gases are nitrous oxide (NO2), methane (CH4), and fluorinated gases, but es-

pecially CO2, produced by the combustion of fossil fuels [12]. 

Since the beginning of the industrial revolution, the CO2 concentration in the atmos-

phere has notably increased. Starting from values of 280 parts per million (ppm) in 1870, 

carbon dioxide levels reached a peak of 421 ppm in May 2022 at the National Oceanic and 

Atmospheric Administration’s (NOAA) atmospheric observatory at Mauna Loa. With an 

average of 420.99 ppm, the increase in CO2 levels was 1.8 ppm over 2021 [13]. 

The need for a reduction in anthropogenic CO2 emissions has been clearly stated by 

the Intergovernmental Panel on Climate Change (IPCC) [6] and could have several bene-

fits for human health. CO2 emissions not only cause an increase in global temperatures in 

the short term as the gas is released into the atmosphere, but they also determine a long-

term effect, as this temperature rise can still carry on when the concentration of carbon 

dioxide in the atmosphere stabilizes, continuing for a period of a century. This phenome-

non can lead to higher concentration of other harmful gases, such as ground level ozone. 

3. Pollen Allergy 

Pollen allergy is an important public health problem considering the upward trend 

of pollinosis cases in this historical period over the world. In Europe, up to 35% of young 

adults are allergic to grass pollen, one of the most dispersed pollen types in the world [14]. 

Pollen allergy is a relevant issue also because of its related costs, with a subsequent need 

for medical medications and consultations [3]. It can also have relevant impacts on quality 

of life and cause difficulties in the workplace for allergic subjects. 

In nature, pollen grains develop in specialized structures of the plant, namely the 

microsporangia of the male cones in gymnosperms and in the anthers of the flowers in 

angiosperms. When mature pollen grains are discharged by the mature anthers, usually 

on warmer and drier days, they also tend to dehydrate. Then, if they come into contact 

with a wet surface, the pollen grains are modified by the absorption of water, changing 

both in their shape and metabolic activities. This is the case when pollen enters the con-

junctival, nasal, or oral mucosa, an occurrence that causes osmotic shock in grains. When 

this happens, the pollen gets hydrated, swells, and can quickly releases the allergens con-

tained in the cytoplasm, or discharges its water soluble content, e.g., its allergenic proteins, 
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through micropores. The expulsion of these substances subsequently causes allergic 

symptoms in the affected mucosae. As described by Taylor et al. [15,16], roughly 65% of 

pollen grains developed in pollen tubes of up to 300 μm long before rupturing, and they 

released cytoplasmic material under conditions of extreme humidity. 

An aerosol containing allergenic material is formed by the released particles, such as 

the pollen cytoplasm of the broken up grain. Exposure to allergens, the inflammation of 

the respiratory tract (both lower and upper), and the manifestation of clinical symptoms 

are all linked in a number of ways. There are several factors that can influence the severity 

of allergic symptoms in predisposed individuals. One of these factors is certainly the 

quantity of the inhaled pollen, but the type of allergenic pollen is also important. Pollen 

grains can easily enter the upper respiratory system, but it is very hard for them to ad-

vance as far as the bronchi, considering that an integer pollen grain has a diameter greater 

than 10 μm [3]. However, among allergic subjects, symptoms related to bronchial asthma 

are not rare. 

Despite the widespread belief that rain clears the air of pollen, it has been shown that, 

when pollen comes into contact with water, its allergens can be liberated from the grain 

in just a matter of seconds [17–19]. The effect of extreme weather events such as heavy 

rains and thunderstorms could cause the release of very small particles from pollen grains, 

which are known as paucimicronic particles. These paucimicronic particles are repre-

sented by granules with a diameter lower than 5 μm, deriving from the tissues of the an-

thers, which can carry an important amount of allergens with negative effects on allergic 

and asthmatic subjects [3]. 

4. Impact of Climate Change on Allergenic Plants 

Modifications in pollen allergens are affected by climate change as a result of the ris-

ing CO2 levels in the atmosphere. In fact, CO2 can cause plants to grow more quickly and 

vigorously, as well as increase their pollen allergen potency and flowering intensity and 

duration. Climate change also increases their exposure and sensitivity to subtropical 

grasses. Plants that bloom at the beginning of spring and those that react favorably to a 

warmer climate tend to exhibit an earlier onset of the pollen season and its peak. Similarly, 

the blooming of urban plants tends to happen 2–4 days before that of plants living in rural 

areas. In addition, an increase in temperature linked to climate change can worsen its ef-

fects on pollen, both alone or in combination with other factors such as CO2 levels. For this 

purpose, Ziska et al. [20] recorded that, during the day, the mean CO2 concentration went 

up by 21% due to urbanization, while the daytime maximum temperatures increased by 

1.6 °C in more urbanized areas compared to rural areas and the minimum temperatures 

differed by 3.3 °C. The modifications observed in urban environments were coherent with 

most of the short-term (~50 year) predictions regarding air temperature and CO2 concen-

trations. Rising temperatures and higher CO2 concentrations have been shown to posi-

tively affect maximum plant height and productivity, to values of up to 60% in suburban 

sites and 115% in urban areas, relative to rural sites. Ragweed pollen allergenicity has been 

demonstrated to be directly related to CO2 increases, with a consequently higher preva-

lence and/or severity of allergic disease cases [10]. Ragweed pollen production can also be 

increased by 61% as a consequence of the doubling of the CO2 concentration in the atmos-

phere and its allergenicity can get much higher along heavily anthropized areas such as 

high traffic roads, as observed by Wayne et al. [21]. 

The geographical distribution of plant species can change as a consequence of climate 

change too. Following modifications in temperatures, rainfall, and other factors, the dis-

tribution range of many plants could shift toward the poles, i.e., northward in the Boreal 

hemisphere and southward in the Austral hemisphere. Disseminated species, such as 

grasses, can also be influenced by changes in land use, and, in general, human activities 

[22]. 
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According to their carbon fixation metabolism, plants can be classified either as C3 

plants, which include Pooideae (temperate grasses), or C4 plants, which include Chlo-

ridoideae and Panicoideae (subtropical grasses). C3 grasses tend to increase in winter and 

flower in spring, while C4 ones tend to grow and bloom in summer and at the start of 

autumn, at least in seasonal climates. Peaks of airborne grass pollen have been recorded 

at the end of summer, corresponding to the blooming of subtropical grasses [23,24]. How-

ever, in the temperate areas of the northern hemisphere, species from the subfamily Po-

oideae are the main culprits behind grass pollen allergy [25,26]. 

The above mentioned grass subfamilies are all represented in southern hemisphere 

countries such as Argentina, Australia, Brazil, and Uruguay, with Pooideae being the most 

abundant. Studies have revealed geographic differences in sensitivities to subtropical 

plant pollen, mainly in the southern hemisphere [27–31]. 

Nowadays, agriculture is having a positive impact on subtropical grass expansion in 

addition to climate change, which favors the growth of plant populations and their ex-

pansion to previously uncommon locations. For example, Australia and Argentina are 

among the countries with increasing areas being dedicated to agriculture, a factor that 

may certainly have consequences regarding allergies [32–34]. 

A bigger incidence of pollen-related respiratory allergies has been recorded in indi-

viduals living in urban areas, in contrast with a lower incidence in rural areas, a trend that 

can be linked to phenomena such as high levels of vehicle emissions, urbanization, and 

having a western lifestyle [3,35]. Biodiversity loss, global warming, pollution, and the mi-

crobiome are all interconnected and this increase in allergy in urban environments can be 

also due to a reduction in the microbiome, mainly during the first years of life [36,37]. 

Allergenic particles, such as airborne pollen grains, can be altered in the atmosphere 

and release allergens, resulting in allergen-containing aerosols in the ambient air, due to 

the impact of pollutants present in the environment, which, in addition to their direct ef-

fects on human health (e.g., as irritants of skin and mucosal membranes), can also have an 

indirect effect. In addition to serving as a carrier of allergens, it has been shown that pollen 

also releases highly active lipid mediators (pollen-associated lipid mediators), which have 

pro-inflammatory and immunomodulating effects in allergic illnesses [1]. Between them, 

linolenic-acid-derived hydroxy fatty acid derivatives, namely 13-HODE and 13-HOTE, are 

able to induce the activation and migration of polymorphonuclear granulocytes [38,39]. 

5. Effect of Climate Change on Chemical Air Pollution 

Severe episodes of asthma exacerbation have been linked to the consequences of cli-

mate change and the presence of high levels of chemical pollutants in the air. 

An important chemical pollutant in the atmosphere is ozone, which can have nega-

tive effects on the human respiratory system, resulting in inflammation, decreased lung 

function, systemic oxidative stress, and an increased responsiveness to injury [8,40,41]. 

In particular, Gent et al. [8] analyzed the respiratory symptoms caused by the con-

junct effects of ozone concentrations below the standard values of the U.S. Environmental 

Protection Agency and fine particulate matter (PM 2.5) on children in need of crisis med-

ications. The results of the study showed a significant association between ozone levels 

and the insurgence of respiratory symptoms needing rescue medications in asthmatic chil-

dren. An increase of 50 parts per billion of ozone for one hour has been associated with an 

insurgence of chest tightness (47%) and wheezing (35%), while higher ozone levels were 

related to increased dyspnea and a requirement for emergency medication. 

In hypersensitive individuals, asthma can be induced by allergens carried by pollen 

or other plant particles that enter the peripheral airways by air inhalation. The permeabil-

ity of airways can be increased by factors such as ozone, particulate matter (PM), nitrogen 

dioxide, sulfur dioxide, and diesel exhaust particles [42–46]. This increased permeability 

can cause the enhanced interaction of the immune system cells with allergens due to the 

penetration of mucosal membranes. Consequently, air pollutants play a determinant role 

in the inflammation of airways in susceptible individuals. 
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Air pollutants are able to stick to the external walls of pollen grains and paucimi-

cronic particles derived from plants, increasing their allergenicity and affecting, in various 

ways, their morphology [47]. In addition, pollutants adhering to the walls of pollen grains 

can surpass the mucosal barrier as a consequence of the inflammation and increased per-

meability of the airways, causing enhanced responses to pollinosis in atopic patients [42–

44]. 

The increased effect of aeroallergens on sensitive individuals and the augmented se-

verity of respiratory symptoms is clearly shown in the literature [48–50]. 

6. Respiratory Allergies, Urban Environment, and Climate Change 

The frequency and severity of air pollution events can be affected by the impact of 

climate change, which can have an effect on variations in wind speed and direction, the 

timing and quantity of rains, and temperature increases. Manmade emissions can also 

change as a response to climate change, with consequences such as an increase in energy 

demand for home heating or air conditioning. Levels of ozone and other air pollutants can 

be increased by the urban heat island effect, which also has an indirect effect on the natural 

phenomena that cause the emission of particles, such as forest fires, soil erosion, and veg-

etation breakdown [51,52]. The reaction between nitrogen oxides and volatile organic 

compounds is a source of tropospheric ozone (O3) in the presence of bright sunlight. Ob-

servations in outdoor smog chambers and evaluations in ambient air have demonstrated 

a relationship between temperature and tropospheric ozone levels [53,54]. In comparison 

to pollen exposed to lower amounts of ozone, birch pollen exposed to high levels of ozone 

causes larger wheals and erythema in skin prick tests, suggesting a possible role of ozone 

in the insurgence of allergic reactions [55]. 

The intensity of forest fires, which can cause respiratory ailments, can also rise in 

response to changes in temperature and rainfall. In addition to extending the growth time 

of ozone concentrations, rising temperatures can exacerbate peak ozone levels. 

Pollutants and pollen grains can travel farther when wind patterns are altered, mak-

ing this transport mechanism just as significant as the local one. 

7. Thunderstorm Asthma 

Thunderstorms occurring during the pollen season, especially in late spring and 

summer, can induce severe asthma outbreaks in allergic patients living in a circumscribed 

area, a phenomenon known as “thunderstorm asthma”. Asthma exacerbations caused by 

thunderstorms usually begin with a sudden increase in visits of asthmatic patients to gen-

eral practitioners and emergency services in hospitals. In these cases, asthmatic symptoms 

can manifest even in patients that normally only suffer from seasonal rhinitis. This phe-

nomenon is strongly associated with the altitude of the dispersal of allergenic pollen 

grains such as grasses. This enhanced allergenicity during thunderstorms could be caused 

by the hydration of pollen grains caused by rainwater, with a release of inhalable aller-

genic particles. In the first half an hour of a thunderstorm, individuals who suffer from 

pollen allergies may breathe in large amounts of the allergens that are dispersed in the air 

[56]. Thunderstorms have been linked to asthma outbreaks and exacerbations in a number 

of places, mainly in European cities (Naples in Italy and London and Birmingham in the 

United Kingdom) and Australia (Wagga Wagga and Melbourne) [56–58]. At least some of 

the mentioned cases have been related specifically to grass pollen, suggesting that the 

main sources of this pollen could be located outside cities, in nearby pastures [58]. After 

being transported high in the atmosphere due to the movement of hot air, the pollen gets 

concentrated by converging turbulences and ruptures with increasing humidity, later af-

fecting the people living in the area with the release of small, allergenic particles, which 

are brought down by the storm. 
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8. Pollen Allergy and Occupational Health 

Numerous categories of workers may be exposed to several biological, chemical, and 

physical agents that may induce and/or exacerbate allergic diseases in sensitized individ-

uals [59–67]. 

In addition to this, synergic and/or additive effects due to environmental exposure to 

allergens, chemical pollutants, and individual sensitization may also play critical roles. 

Climate change adds complexity to allergies [68–72]. Occupational exposure both in out-

door and indoor workplaces should be taken into account while dealing with these dis-

eases [73–76]. 

Previous studies conducted on indoor workplaces have evidenced the importance of 

the presence and actions of occupants as triggers for the increase in the concentrations of 

pollen and other bioaerosol particles, highlighting the role of working days and working-

hours as co-factors of the increases in and diffusion of pollen [77–79]. 

A more integrated analysis should be conducted on occupational environments, con-

sidering both pollen exposure and its health effects on workers, deepening studies on the 

sources of exposure and also distinguishing between urban, semi-urban, and rural work-

places [78,80–83]. 

These studies on occupational settings allow for higher control of the environmental 

exposure and health conditions of the individuals exposed. The latter information can be 

obtained by the specific clinical–anamnestic questionnaire and the use of innovative meth-

odologies enabling the evaluation of multiple sensitizations against numerous allergens 

derived by plants, animals, and food [84]. Moreover, specific studies may be useful for 

deepening the interactions between pollen and chemical pollutants [85], promoting syn-

ergic studies and including pollen and other allergens, as reported by the air quality 

guidelines recently published by WHO [86]. 

Future research on climate change, pollen, air pollution, extreme events, and allergy 

should include occupational health and workers’ roles in numerous indoor and outdoor 

workplaces. 

Strategies for control and prevention could be “tested” in occupational settings in-

volving all “actors” of prevention, in a collaborative perspective between public health, 

environmental health, and occupational health. 

9. Climate Change and Its Impact on Infectious Respiratory Disease (SARS-CoV-2) 

An extensive body of literature shows climate change’s impact on the incidence and 

severity of infectious respiratory diseases through modifications in a host’s immune re-

sponse, exposure to fungal and mycobacterial species, vector vitality, and the spread of 

novel viruses. Recently, studies on climate change have considered its influence on the 

outbreak of pandemics of novel pathogenic species, such as COVID-19, caused by the 

emergence of the new coronavirus SARS-CoV-2 [87,88]. 

Dramatic temperature shifts can lead to an increased exposure to environments 

where vector-borne pathogens thrive. Rises in temperatures are able to increase these vec-

tors’ vitality and therefore the risk of disease spread. This has been shown, for example, 

in rodents that are reservoirs for Hantaviruses, a virus known for regional outbreaks man-

ifesting as pneumonia and diffuse systemic disease [89,90]. 

Furthermore, desertification, the expansion of drylands, and dust storms have con-

tributed to the release and diffusion of fungal dust-borne spores commonly found on soil 

that can cause respiratory infections, as observed in the southwestern USA with Coccidi-

omycosis [91,92]. 

Another example is the geographic spread of Cryptococcus gattii, a causal agent of 

Cryptococcosis, a disease that most commonly affects immunocompromised human 

hosts. This respiratory disease, originally only present in subtropical areas, is expanding 

in the Mediterranean regions of Europe and Pacific northwest regions of the USA, and it 
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has been hypothesized that trees and livestock trading, flocks of migratory birds, anoma-

lous atmospheric events (e.g., tsunamis), and human interactions have substantially con-

tributed to the diffusion of this pathogen [93]. 

A similar case is observed with Histoplasma capsulatum, an endemic fungus transmit-

ted through inhalation in areas with bird or bat droppings in northern parts of the USA. 

It is known to cause severe pneumonia in immunocompromised hosts. Changes in animal 

behavior and geographic distribution due to global warming have likely had an impact 

on the diffusion of this disease [94]. 

Not only the spread of fungal respiratory infections, but also that of mycobacteriosis 

is intertwined with climate change. It has been demonstrated that hurricanes, whose num-

ber has lately increased due climate change, contribute to an increase in non-tuberculous 

mycobacteria (NTM) disease [95]. Different from TB, NTM lung diseases are typically con-

veyed through environmental sources, such as municipal water and soil, and environmen-

tal cross-contamination by NTM is greatly favored by hurricanes [95,96]. 

It is evident to all how public health and safety are threatened and damaged by 

emerging viral diseases, e.g., the avian flu, severe acute respiratory syndrome (SARS), 

Ebola, and novel viruses in the Coronavirus family. 

Climate change must be considered a co-factor in their outbreak and spread. Notably, 

both biodiversity decreases and air pollution increases caused by climate change might 

favor the onset and diffusion of the COVID-19 pandemic [97]. A rise in air pollution not 

only modifies the respiratory tract’s permeability through oxidative stress and the over-

expression of Angiotensin-converting enzyme 2 (ACE-2), but also triggers a chronic in-

flammatory status and promotes respiratory co-morbidities that greatly increase the risk 

of a severe course and the mortality of COVID-19 [98]. A large study conducted in 2021 

[99] on 130 stations, across 31 countries and five continents, found that pollen, also in syn-

ergy with temperature and humidity, can explain about 44% of the infection rate variabil-

ity. Moreover, it is indicated that pollen exposure itself may modulate the antiviral de-

fense of the respiratory epithelium, suggesting that some individuals should avoid expo-

sure in outdoor activities during the coincidence of pollen and respiratory virus seasons 

[100]. 

Finally, it is known that exposure to high temperatures and pollution, as direct effects 

of climate change, can affect a host’s immune system [101]. Therefore, the fight against 

fossil fuel emissions and air pollutant release can prevent the outbreak of new viral dis-

eases and therefore new epidemics, but also limit the damage to societies and health sys-

tems caused by these diseases. 

10. Conclusions 

Climate change has several effects on human health, in particular on respiratory 

health. A rise in temperature causes direct health effects due to the higher risks of specific 

pathologies such as chronic obstructive pulmonary diseases (COPD) and hospital admis-

sions and deaths due to respiratory diseases. Extreme environmental events such as thun-

derstorms and a higher humidity and temperature can cause an increase in the frequency 

of hospital admissions for thunderstorm asthma [102,103]. 

Increases in air pollutants, including higher levels of ozone and (bio)pollutants, may 

be responsible for indirect respiratory health effects [104,105]. Air pollution is a key com-

ponent linked to the climate-change-driven worsening of respiratory health effects, since 

pollen and fungal spores are able to interact with these pollutants. The exposure to several 

(bio)contaminants in urban settings is linked to severe episodes of asthma attacks and/or 

exacerbations, mostly regarding individuals that are IgE sensitized [4,106,107]. 

Climate change has important effects on the origin of hypersensitivity and pollen 

allergy. Climate change can determine an increased pollen production in plants and amp 

up the allergenic properties of pollen grains. An alteration in plant growth could worsen 

the negative effects on human health even more in the future. Similarly, although the data 

are sparse, climate change impacts mold proliferation through precipitation increases and 
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floods. As a further consideration, the microbiomes of different forest ecosystems and ge-

ographic areas can be differently affected by climate change [108]. 

As a consequence of this, in the medium and long term, an increase in the prevalence 

of allergic diseases brought on by pollen and mold is expected [109–111]. 

The study of pollen allergy needs to be deepened with regard to several aspects, start-

ing with world changes and analyzing the numerous aspects linked to them. The promo-

tion of studies aimed at deepening the interactions between pollen and chemical pollu-

tants reported by the WHO guidelines [86] is an important tool that provides numerous 

research opportunities. 

New developments should address the management of the integrated aspects of en-

vironment and human health, with specific attention to the general and occupational pop-

ulation. At the same time, an improvement in the methodologies aimed at evaluating the 

sources of exposure, as well as the responses of individuals to numerous (bio)contami-

nants, should be considered in the management of health effects [112,113]. 

Around the world, there is an urgent need to address public education and the for-

mation of governmental initiatives for reducing pollution and mitigating the impacts of 

climate change. To deal with the effects of climate change on pollen, molds, and air pollu-

tion, several strategies are accessible, consisting either of mitigation measures (measures 

dealing with the causes of climate change, i.e., the accumulation of greenhouse gases in 

the atmosphere) or adaptation measures (dealing with the impacts of climate change). 

Adaptation is certainly important, since the negative effects of climate change are already 

in action and impacting the world. However, the effectiveness of these adaptation 

measures is inevitably linked to the limitation of greenhouse gas emissions, making miti-

gation more essential than ever and the most important action available. Extreme weather 

events such as thunderstorms cause severe asthma attacks and asthma exacerbations, with 

relevant socio-economic consequences, and also have to be prevented by meteorological 

broadcasting. Finally, the general population, and in particular patients with asthma and 

pollen allergies, should be educated about the health risks related to climate change. Ed-

ucation programs should address different categories for both adults and children. 

The information should include several aspects, starting with the phenomena respon-

sible for environmental variations, as well as the adverse health effects and mitigation 

measures, explained with effective messages and tools. 

Health professionals should be, in turn, educated on the appropriate methods for 

transferring key messages in their clinical practices. Physicians should be able to develop 

basic knowledge on climate change in relation to environmental variations and health ef-

fects. 

New perspectives on synergizing the different topics of climate change and educa-

tion with health effects should take into account the evolution of (bio)medical sciences 

and promote sustainable actions and key messages as being able to extend the Curricula 

of different professionals [114–118]. Specific training programs need to be developed. 
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