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Abstract 

Although climate changes are one of the most serious public health risks for all nations, it appears 

that the medical society in the East European countries is not too much concerned. 

The aim of this paper is to point out the main treats on health provoked by climate changes.  

The literature review was the source of information. Based on the PubMed where in 2015 more than 

65,000 papers were dedicated to different aspects of the influence of the climate changes on the 

human health, as well as 3,500 articles for the pediatric population, we present a review of the main 

health risks. Especially, the impact of the climate changes on the children’s health is overviewed. 

In separate parts, the thermal stress, extreme weather events, changes of infection’s pattern, how to 

measure health risks as well as some mitigation measures are discussed.  
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Introduction 

Although climate changes are one of the 

most serious public health risks for all nations, 

it appears that the medical society in the East 

European countries is not too much concerned. 

It is proven that climate changes affect 

mainly the social and environmental determi-

nants of health – clean air, safe drinking water, 

sufficient food and secure shelter. Children, the 

elderly, and communities living in poverty are 

among the most vulnerable [1].  

It is supposed that the global climate has 

been affected especially over the last 50 years 

by human activities – particularly the burning 

of fossil fuels. In this processes, sufficient qu-

antities of carbon dioxide and other greenhouse 

gases are released and provoke additional heat 

in the lower atmosphere. It is calculated that in 

the last 130 years, the world has warmed by 

approximately 0.85oC. Each of the last three 

decades has been successively warmer than any 

preceding decade. Sea levels are rising, glaciers 

are melting and precipitation patterns are chan-

ging. Extreme weather events are becoming 

more intense and frequent. 

It is expected that between 2030 and 

2050, climate changes will cause approxima-

tely 250.000 additional deaths per year, from 

malnutrition, malaria, diarrhoea and heat stress. 

The direct damage costs to the health (i.e. 

excluding costs in health-determining sectors 

such as agriculture and water and sanitation), 

are estimated to be between US$ 2–4 billi-

on/year by 2030 [2, 3, 4, 5]. 

The aim of this paper is to point out the 

main treats on health provoked by climate 

changes. Especially, the health problems rela-

ted to the climate changes in childhood will be 

discussed.  

 

Methodology 

The literature review was the source of 

information. Only on the PubMed in 2015 it 

can be found more than 65.000 papers dedica-

ted to different aspects of the influence of the 

climate changes on human health. For the pe-
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diatric population, the number of articles is 

about 3.500 only for 2015. It is obvious that 

this problem is very actual and raises many qu-

estions. The main results from different publi-

cations will be presented in selected parts. 

 

1. Thermal stress 

Extreme high air temperatures are dan-

gerous particularly for elderly people and yo-

ung children. In the heat wave of the summer 

of 2003 in Europe, for example, more than 

70,000 excess deaths were recorded. High tem-

peratures also raise the levels of ozone and ot-

her pollutants in the air that exacerbate cardio-

vascular and respiratory disease [6]. 

Ozone smog forms when pollution from 

vehicles, factories, and other sources reacts 

with sunlight and heat. Increasing temperatures 

accelerate this process and result in more smog. 

Smog – composed of ground-level ozone, sul-

fur dioxide, nitrogen dioxides and carbon mo-

noxide – is not only rich in greenhouse gases, 

but also in chemicals that put people at risk of 

premature death, aggravate asthma and trigger 

other respiratory and cardiovascular diseases. 

In the U.S., for instance, approximately 44 per-

cent of the Americans live in regions where air 

pollution levels are too dangerous to bre-

athe, according to the American Lung Associa-

tion [7]. Added to other allergens in the air, 

smog influences  the carbon dioxide levels cau-

sing plants to produce more pollen. Also, as 

dry areas get dryer, wildfire risks go up and 

smoke from burning landscapes intensifies 

poor air quality [8–12]. 

One specific feature of the climate chan-

ges is the increasing heat exposure in many 

workplaces where efficient cooling systems 

cannot be applied. Excessive heat exposure is a 

particular problem for working people because 

of the internal heat production when muscle 

work is carried out. The physiological basis for 

severe heat stroke, other clinical effects, and 

heat exhaustion is well known [13, 14, 15]. 

There is an additional impact of the cli-

mate changes to the concentration of persistent 

organic pollutants particles (POPs). POPs are 

composed mainly of polychlorinated dibenzo-

p-dioxins and dibenzofurans (PCDD/Fs), poly-

chlorinated biphenyls (PCBs) and pesticides 

[16, 17, 18]. In our country, a few years ago the 

measurement of POPs became regular and this 

autumn a very high level of POPs were registe-

red, which are dangerous for the human health. 

The most exposed towns for POPs were Skopje 

(the capital) and Tetovo where the concentra-

tion of POPs was 10 time higher than normal. 

People were alarmed not to go on the streets 

and to stay at home, especially people with 

chronic cardiovascular disease and asthma.  

As temperatures rise and precipitation de-

creases, water quality can be also jeopardized. 

Shrinking amounts of water can concentrate 

contaminants such as heavy metals, industrial 

chemicals and pesticides, and sediments and 

salts. During droughts, drinking water supplies 

are susceptible to harmful algal blooms and ot-

her microorganisms. As we said before, pollen 

and other aeroallergen levels are also higher in 

extreme heat. These can trigger asthma, which 

affects around 300 million people [19, 20].  

In addition, rising temperatures and va-

riable precipitation decrease the production of 

staple foods in many of the poorest regions. 

This will increase the prevalence of malnutri-

tion and undernutrition, which currently cause 

3.1 million deaths every year [21]. 

 

2. Extreme weather events 

It is estimated that every year, disasters 

related to weather events result in over 

60,000 deaths, mainly in developing countries. 

The rising sea levels and the increasingly ex-

treme weather events will destroy homes, me-

dical facilities and other essential services in 

many countries. Scientists project that climate 

changes will increase the frequency of heavy 

rainstorms, putting many communities at risk 

for devastation from floods.  

As an example, we remember Hurricane 

Mitch in 1998, when there were six feet of rain 

in Central America in three days. In its wake, 

the incidence of malaria, dengue fever, cholera, 

and leptospirosis soared. In 2000, rain and 

three cyclones inundated Mozambique for six 

weeks, and the incidence of malaria rose five-

fold. The Hurricane Katrina came afterword, 

gathering steam from the heated Gulf of Me-

xico and causing devastation in the coastal 

communities [19]. 
Additionally, the increasingly variable 

rainfall patterns affect the supply of fresh wa-
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ter. A lack of safe water can compromise hy-
giene and increase the risk of diarrhoeal dise-
ase, which kills approximately 760,000 chil-
dren aged under 5, every year. The extreme 
precipitation is expected to continue to increase 
during the current century. Floods contaminate 
freshwater supplies, heighten the risk of water-
borne diseases, and create breeding grounds for 
disease-carrying insects such as mosquitoes. 
They also cause drownings and physical inju-
ries, damage homes and disrupt the supply of 
medical and health services and increase the 
possibilities for conflicts [22]. 

Generally, in 2014, losses from weather 
and climate disaster events reached trillions of 
US$. Between 1994 and 2013, more than 
530,000 people died worldwide as a direct 
result of over 15,000 extreme weather events. 
The year of 2015 ranks as the warmest ever 
recorded while the 10 warmest years on a 134-
year record have all occurred since 2000. There 
are already people being officially called "cli-
mate refugees," and the conflicts exacerbated 
by climate changes and extreme weather events 
are on the rise [23]. 

 
3. Patterns of infection 
Climatic conditions strongly affect water-

borne diseases and diseases transmitted thro-
ugh insects, snails or other cold blooded ani-
mals. They result in longer transmission sea-
sons of the important vector-borne diseases and 
alteration of their geographic range. For exa-
mple, climate change is projected to widen sig-
nificantly the area of China where the snail-
borne disease schistosomiasis occurs [24]. The 
same is true on a global scale: increases in heat, 
precipitation, and humidity can allow tropical 
and subtropical insects to move from regions 
where infectious diseases thrive into new places.  

Malaria is strongly influenced by cli-
mate. Transmitted by Anopheles mosquitoes, 
malaria kills almost 600.000 people every year 
– mainly African children under 5 years. In the 
period after World War II malaria was eradi-
cated in our country. But some cases have been 
diagnosed again this summer related to the 
rising mosquitos number as well as the climate 
changes.   

The Aedes mosquito vector of dengue 
fever is also highly sensitive to climate condi-
tions. Between 1995 and 2005 it is reported 

that nearly 4,000 cases of imported and locally-
transmitted Dengue Fever were registries in the 
U.S., and that number rises to 10,000 when the 
cases at the Texas-Mexico border region are 
included. Dengue Fever, also known as "Break-
bone Fever", is characterized by high fever, 
headaches, bone and joint aches, and a rash. 
Recurrent infection can lead to bleeding, seizu-
res, and death. 

Lyme disease – transmitted primarily 

through bites from certain tick species – could 

expand throughout the United States and north-

ward into Canada, as temperatures increase, 

allowing ticks to move into new regions. Rare 

cases of Lyme disease were suspected in our 

country too. 

The West Nile virus, which first entered 

the U.S. in 1999, expanded rapidly westward 

across the country. By 2005, over 16,000 cases 

had been reported. Warmer temperatures, he-

avy rainfall and high humidity have reportedly 

increased the rate of human infection [25–31]. 

As mentioned before, practically all these 

diseases are incidentally registered in our coun-

try and in the neighborhood too. For the pur-

pose ofhealth improvement, infection control 

and disease management, the use of different 

types of Probiotics or the use of food conta-

ining Probiotics was recently suggested [32]. 
 

4. Measuring the health effects from the 

climate changes 

Measuring the health effects from the 

climate changes can only be very approximate. 

Nevertheless, a WHO assessment concluded 

that climate change is expected to cause ap-

proximately 250,000 additional deaths per year 

between 2030 and 2050; 38,000 due to heat ex-

posure in elderly people, 48,000 due to diar-

rhoea, 60,000 due to malaria, and 95,000 due to 

childhood undernutrition. These expectations 

must alert health workers [3, 33]. In Table 1. 

are summarized the Health risks from the 

climate changes. 

In addition to the infections, the climate 

changes influence the general mental health, 

including stress-related disorders, attention de-

ficit, and diminution of the cognitive abilities, 

as well as the emotional expression. In this 

context, living in urban environment, without 

green spaces is worsening the global health. 

http://europepmc.org/abstract/MED/25972729/?whatizit_url=http://europepmc.org/search/?page=1&query=%22infection%22
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The most recent work measuring the differrenr-

tial affective responses to natural versus urban 

environments has employed Electroencephalo-

graphy (EEG) and EEG-based emotional re-

cognition software to measure changes in emo-

tions while navigating city environments on 

foot. It was found that pedestrians that were 

walking on a busy urban shopping street and 

then entered a greenspace experienced reduc-

tions in arousal (long-term excitement) and 

frustration [34].  

 

 
Table 1 

 

Summary of health risks related to climate changes 

 

 

Climatic Event 

 

          Intermediary 

 

Health Outcome 

Heat waves Increased ground-level 

ozone, pollen 
 

  
 

Heat stress, stroke 

 

Respiratory disease 

exacerbation 

Increased mean temperature More hospitable to disease 

vectors (e.g., mosquito, 

ticks) 

More hospitable to 

infectious disease agents 

(e.g., bacteria) 

 

 

Vector-borne diseases (e.g., 

Lyme, malaria, dengue) 

 

Food-poisoning, infectious 

disease (e.g., cholera) 

Ozone depletion 

 

UV radiation Skin and eye maladies 

Drought Water/food shortage 

Lack of water safety 

Dehydration, malnutrition 

Water-borne disease 

Extreme weather event (e.g., 

flooding, tornado, hurricane) 

Population movement 

Lack of food/water safety 

 

Injuries, drowning 

Conflicts 

 

Water-borne disease, 

malnutrition 

Sea-level rise Population movement 

 

Water/soil salinization 

Injuries, drowning 

Conflicts 

Dehydration, malnutrition 

Climate change generally Stress Mental health 

 

5. Who is at risk? 

Climate changes can affect all the popu-

lation, but some are more vulnerable than ot-

hers. People living in small island developing 

states and other coastal regions, megacities, 

and mountainous and polar regions are particu-

larly vulnerable. The most vulnerable popula-

tion, as we said before, are children and elderly 

people.   

 

6. Climate change and children’s health 

The effects of the climate changes on 

children’s health include: physical and psycho-

logical sequelae of the weather disasters; incre-

ased heat stress; decreased air quality; altered 

disease patterns of some climate-sensitive infe-

ctions; and food, water, and nutrient insecurity 

in vulnerable regions. The social foundations 

of children's mental and physical health are 

threatened by the spectre of far-reaching effects 

of unchecked climate changes, including com-

munity and global instability, mass migrations, 

and increased conflict. Pediatricians have a 

uniquely valuable role to play in the societal 

response to this global challenge. 

Children's Environmental Health, the 

branch of pediatrics that studies the influence 

of the environment on children's health, beco-

mes an increasingly visible and important com-

ponent of the pediatric medicine. It arose in the 

http://europepmc.org/abstract/MED/26504130/?whatizit_url=http://europepmc.org/search/?page=1&query=%22sequelae%22
http://europepmc.org/abstract/MED/26504130/?whatizit_url=http://europepmc.org/search/?page=1&query=%22infections%22
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second half of the 20th century through a mel-

ding of insights from the pediatric toxicology, 

nutritional epidemiology and social science re-

search. Convergent research in these three 

fields has documented children's unique sensi-

tivities to chemical, nutritional and psychoso-

cial hazards during "windows of vulnerability" 

in early development and has showed that 

early-life exposures can produce disease and 

disability in childhood and across the lifespan.  

Exposure to heat, air pollution, and radia-

tion are often enhanced in urban areas, specifi-

cally under the current design of the majority 

of outdoor child play places. Such environmen-

tal exposures relate strongly to the behavior, 

activity, asthma, obesity, and overall child 

well-being. Current research indicates that a 

changing climate, growing urban population, 

and unsustainable design are projected to pose 

increasing complications. 
Since the exposure to green spaces can 

restore attention, it may be able to ameliorate 
behavioral disorders exacerbated by mental 
fatigue. One such disorder is attention deficit 
hyperactivity disorder (ADHD), the most com-
mon behavioral disorder among children world-
wide. The symptoms of the ADHD overlap 
with the symptoms of the mental fatigue (e.g., 
distractibility, irritability) caused by sustained 
and depleted directed attention. In some rese-
arch it was found that green outdoor activity 
had a significantly greater effect than urban 
outdoor and indoor activities in reducing the 
ADHD symptoms [35, 36]. 

The contemporary ecological models of 

health prominently feature the natural environ-

ment as fundamental to the ecosystem services 

that support human life, health, and well-being. 

The natural environment encompasses and per-

meates all other spheres of influence on health. 

In this context, green buildings aim to im-

prove human health through the design of he-

althy indoor environments [37, 38, 39]. In this 

context a few years ago in Macedonia was esta-

blished a "Day of forest: Create a Climate 

Smart Future", when hundreds of people, stu-

dents, schoolers and others voluntary are enga-

ged to plant trees in the free places in the town 

as well as in the neighbourhood of the towns.   

We showed that extreme events, both na-

tural and anthropogenic, increasingly affect ci-

ties in terms of economic losses and impacts on 

health and well-being. Urbanization, climate 

change and other geophysical and social forces 

interact with the urban systems in ways that 

give rise to the complex and in many cases 

synergistic relationships. Such effects may be 

mediated by location, scale, density, or connec-

tivity, and also involve feedbacks and casca-

ding outcomes 

In 2015, the WHO Executive Board en-

dorsed a new work plan on climate change and 

health. This includes: 

 Partnerships: to coordinate with part-

ner agencies within the UN system, and ensure 

that health is properly represented in the cli-

mate change agenda. 

 Awareness raising: to provide and dis-

seminate information on the threats that climate 

changes present to human health, and opportu-

nities to promote health while cutting carbon 

emissions. 

 Science and evidence: to coordinate 

reviews of the scientific evidence on the links 

between climate change and health, and deve-

lop a global research agenda. 

 Support for implementation of the 

public health response to climate change: to 

assist countries to build capacity to reduce he-

alth vulnerability to climate change, and pro-

mote health while reducing carbon emissions. 

 

Summary 

It is now widely accepted that climate 

changes are occurring as a result of the accu-

mulation of greenhouse gases in the atmosphere 

arising from the combustion of fossil fuels.  
Climate change may affect health through 

a range of pathways, for example as a result of 
the increased frequency and intensity of heat 
waves, reduction in cold related deaths, 
increased floods and droughts, changes in the 
distribution of the vector-borne diseases and the 
effects on the risk of disasters and malnutrition. 

The adaptation to the climate changes 
requires public health strategies and improved 
surveillance. The mitigation of the climate 
changes by reducing the use of fossil fuels and 
increasing the number of uses of the renewable 
energy technologies should improve health in 
the near-term by reducing exposure to air pol-
lution. 

http://europepmc.org/abstract/MED/25497108/?whatizit_url_go_term=http://www.ebi.ac.uk/ego/GTerm?id=GO:0007610
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Иако климатските промени претставуваат 

еден од најголемите здравствени ризици за сите 

нации, се чини дека медицинските организации 

во Југоисточна Европа не се премногу загри-

жени.  

Цел на овој труд е да се истакнат најглав-

ните закани за здравјето провоцирани од кли-

матските промени. 

Како извор на информации се користени 

податоци од литературата. Само за 2015 година 

преку пребарување во PubMed може да се најдат 

повеќе од 65.000 написи посветени на разни 

аспекти на влијанието на климатските промени 

врз хуманото здравје, како и околу 4.500 написи 

за педијатриската популација. Ова претставува 

еден ревијален труд за главните здравствени 

ризици. Особено е обрнато внимание на ризи-

ците врз здравјето на децата. 

Во засебни делови се дискутирани тер-

малниот стрес, временските екстремни настани, 

промените на начинот на пренос на инфектив-

ните болести, процената на ризиците, како и 

мерките за ублажување. 

 
Клучни зборови: климатски промени, здравствени 

ризици, ревијален труд 
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