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Abstract
The Global Burden of Disease Study (GBD) was institutionalized by the World
Health Organization (WHO) in 1998 to estimate the causes of death and
disability worldwide for hundred of diseases. The WHO collected and
analysed large numbers of data from epidemiological and clinical studies, for
the majority of developing and developed countries. In 2019 there were 55.4
million deaths globally, 50% were people who were 70 years or older. The
leading causes of disability and mortality were high blood pressure, tobacco
smoking, diabetes, lack of physical activity and obesity. Also, the GBD
collected data for the leading global risks as measured in disability-adjusted
life years (DALYs): Underweight (6% of global DALYs), Unsafe sex (5%),
Alcohol use (5%), and Unsafe water, sanitation and hygiene (4%). Leading
causes were: Cardiovascular, ischemic heart disease and stroke around 50%,
Cancer 17%, Chronic Obstructive Pulmonary Diseases (COPD) 7%.
But also studies established that exposure to ambient and indoor air pollution
is a major risk factor for global morbidity and mortality. Researchers estimated
that more than 7 million people died prematurely from air pollution. According
to the WHO, ambient air pollution (outdoor) accounted for 3.7 million deaths in
2012, most of them in low- and middle-income countries. Household indoor air
pollution (cooking and heating) accounted for 4.3 million premature deaths.
The total number of estimated deaths from air pollution is 7-8 million. This
represents the shortening of global life expectancy by almost 3 years, on
average. By comparison, smoking tobacco caused around 7.2 million deaths
and is projected to increase to 8.3 million by 2030. The greatest effect that air
pollution had on health was related to cardiovascular diseases (43% of global
deaths). In terms of age, 75% of the deaths occurred in people over the age
of 60. By region, the largest burden of disease related to air pollution is found
in South-East Asia (India, China), reflecting heavy industry and air pollution
hotspots. The rates of Disability Adjusted Life Years (DALYs) from air
pollution increased in South-East Asia, and in Eastern Mediterranean regions
where populations are both growing and ageing.
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Introduction : Global Burden of Disease: a critical resource
for informed policy making

The Global Burden of Disease (GBD) dates from the 1990s, when the
World Bank commissioned the original GBD study and featured in the
landmark World Development Report of 1993.

The GBD data measure

disability and death from a multitude of causes worldwide. It has grown over
the past two decades into an international consortium of nearly 5,500
researchers, and its estimates are being updated annually.

Figure 1. The book Global Burden of Disease and Risk Factors (GBD)
emerged in the 1980s, when the World Bank initiated a review of priorities for
the control of specific diseases. It is a consistent, quantitative assessment of
the relative magnitudes of diseases, injuries, and their risk factors. It is the
definitive, scientific account of the health conditions of the world's population
in the 21st century. Institute for Health Metrics and Evaluation (IHNE)
University of Washington DC.
GBD work was institutionalized at the World Health Organization
(WHO), and the organization continued to update GBD findings. In 1998, the
WHO created a Disease Burden Unit, which generated GBD estimates for
2000, 2001, and 2002, publishing the estimates in WHO‟s annual World
Health Reports. In 2008, WHO updated the GBD estimates for 2004. By the
time of the GBD 2004 study, the causes of death and disability being studied
had grown to 136 diseases.1-4
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Leading global risks for mortality in the last decade
The World Health Organization (WHO) from 2009 established through
a collection of data from epidemiological and clinical studies, for the majority
of developing and developed countries, the leading global causes of health
risks for morbidity and mortality. In 2017, there were 56 million deaths
globally, 50% were people who were 70 years or older and in 2019 55.4
million deaths.

In 2020 the pandemic influenced the numbers of premature

deaths. 2,951,278 people have died so far from the coronavirus COVID-19
outbreak as of April 12, 2021.
The 5 most important risk factors for premature deaths (global mortality) are:
1.

High blood pressure (hypertension), is responsible for 13% of deaths
globally. Studies over the past two decades have reported the majority of
people in many economically developing countries have blood pressure
above the levels considered optimal with a high prevalence of
hypertension present. High blood pressure is having a substantial impact
on the burden of cardiovascular diseases and stroke worldwide, which
are the prevalent causes of death. Hypertension and obesity contributed
in accelerating the COVID-19 mortality. 5,6

2.

Tobacco use, active and passive smoking is responsible for 9% of
premature deaths. Numerous studies have supported the findings that
smoking is

one

of

the leading

cause of

preventable

death.

Worldwide, tobacco use causes more than 7 million deaths per year
(2020). If the pattern of smoking all over the globe doesn't change, more
than 8 million people a year will die from diseases related to tobacco
use by 2030.7-9
Over 80% of the 1.3 billion tobacco users worldwide live in low- and
middle-income countries, with burden of tobacco

deaths very high

(https://www.who.int/news-room/fact-sheets/detail/tobacco).
3.

High blood glucose (diabetes I and II), responsible for 6% of deaths,
Globally, the incidence of diabetes increased from 11.3 million in 1990 to
22.9 million in 2017. Global deaths due to diabetes increased from 0.61
million in 1990 to 1.37 million in 2017, with a 125% increase.10 The
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International Diabetes Federation (IDF) have estimated that 451 million
adults live with diabetes worldwide in 2017 with a projected increase to
693 million by 2045 if no effective prevention methods are adopted.11

Figure 2. Statistics (2017) from the Institute for Health Metrics and
Evaluation (covered in the World Economic Forum's latest Global Risk
Report). Cardiovascular diseases are first cause for more than 30% of all
global deaths in 2017. Malignant neoplasms is second most common cause
of death with 17 % and third cause Chronic Respiratory Diseases with 7%.

4.

Physical inactivity, is the 4th leading risk factor. People who do not get
the recommended level of regular physical activity and spent most of
their daily time without exercise. It is responsible for more than 5 million
people per year according to paper in the Lancet. In addition, the costs
The American Heart Association recommends 30-60 minutes of aerobic
exercise 3-4 times per week to promote cardiovascular fitness.
Responsible for 6% of premature deaths.12,13

5.

Overweight and obesity. Obesity is considered as a serious disease
causing premature mortality. Overweight is an individual with BMI (Body
Mass Index) greater than to 25; and. obesity is a person with BMI
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greater than 30. The extra weight is responsible for 5% of premature
deaths. Overall, obese people died an average of 3.7 years earlier from
all causes and 1.7 years earlier from heart disease compared to normalweight adults.

Obesity prevalence has increased in pandemic

dimensions over the past 50 years. Obesity can cause premature
disability and death by increasing the risk of cardiometabolic diseases,
osteoarthritis, dementia, depression some types of cancers.14,15

Global Burden of Disease and Disability Adjusted Life Years
Scientists and health epidemiologists realized that mortality does not
give a complete picture of the burden of disease borne by individuals in
different populations. The overall burden of disease is assessed using the
Disability-Adjusted Life Year (DALY), a time-based measure that combines
years of life lost due to premature mortality (YLLs) and years of life lost due to
time lived in states of less than full health, or years of healthy life lost due to
disability (YLDs). One DALY represents the loss of the equivalent of one year
of full health. Using DALYs, the burden of diseases that cause premature
death but little disability (such as drowning or measles) can be compared to
that of diseases that do not cause death but do cause disability (such as
cataract causing blindness).16
The DALY combines in one measure the time lived with disability and
the time lost due to premature mortality. One DALY can be thought of as one
lost year of „healthy‟ life and the burden of disease as a measurement of the
gap between current health status and an ideal situation where everyone
lives into old age free of disease and disability”. (World Health Organization, ,
WHO, 2007. http://www.who.int/healthinfo/boddaly/en/index.html).
The leading global risks for burden of disease as measured in disabilityadjusted life years (DALYs) are:
a.

Underweight (6% of global DALYs),

b.

Unsafe sex (5%),

c.

Alcohol use (5%),

d.

Unsafe water, sanitation and hygiene (4%).
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Underweight and malnutrition as risk factors for disability.
Despite the substantial increase of food production in most countries in the
last 20 years, malnutrition remains a serious problem.

Protein–energy

malnutrition and micronutrient deficiencies, continue to be a major health
burden in developing countries. Macronutrients are protein, carbohydrates
and fat, their lack is leading to protein–energy malnutrition. Micronutrients
(electrolytes, minerals and vitamins) are leading to specific and vital
micronutrient deficiencies. Malnutrition and underweight are globally important
risks factors for illness and death, with hundreds of millions of pregnant
women and young children particularly affected. Malnutrition and underweight
are major contributors to disease burden in Third World countries. More than
half of global deaths in children younger than 5 years of age is attributable to
undernutrition, the vast majority of which are in low-income and middleincome countries, particularly in countries of southern Asia, sub-Saharan
Africa and in India.

Addressing the global challenge of malnutrition and

underweight in children and women is essential to ensure optimal cognitive
growth and development and overall health and productivity. 16-20

Unsafe sex, as a risk factor for disease and DALYs.
Unsafe sex is defined as the risk of disease due to sexual transmission.
Unsafe sex includes 100% of cervical cancer and STIs (Sexually Transmitted
Infections) apart from those congenitally acquired, and a fraction of HIV based
on data reporting the proportion of HIV incidence through sexual transmission.
Globally, unsafe sex was the 13th-leading risk factor among Level 2 risks in
terms of DALYs in 2019. It was the leading Level 2 risk in females aged 15–
49 and ranked 11th among males in that age group. 21
Despite falling prevalence infectious rates in some countries and
advances made in treatment and care, the global HIV/AIDS epidemic
continues. AIDS has taken more than 20 million lives in 20 years and in the
worst affected countries is now beginning to erode key sectors, reverse
economic development and jeopardize national security. More than 40
million people are currently infected, 95% of them in the developing world
and half of them younger than 25 years of age. It is estimated that another
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45 million people will be infected with the human immuno-deficiency virus
by 2010. Up to 30 million more will have died. In addition, an estimated 340
million curable sexually transmitted infections (STIs) occur each year. STIs
are responsible for considerable ill-health and are known to greatly increase
susceptibility to HIV infections.21,22

Excessive Alcohol use as a risk factor for disease burden and DALYs
Alcohol use has a complex association with health. Researchers have
recognized alcohol use as a leading risk factor for disease burden, and
studies link its consumption to 60 acute and chronic diseases. Additionally,
some research suggests that low levels of alcohol consumption can have a
protective effect on ischaemic (ischemic) heart disease, diabetes, and several
other outcomes.23-25
A systematic study of Global Burden of Diseases, Injuries, and Risk
Factors Study 2016,

generated improved estimates of alcohol use and

alcohol-attributable deaths and disability-adjusted life-years (DALYs) for 195
locations from 1990 to 2016, for both sexes. Using 694 data sources of
individual and population-level alcohol consumption, along with 592
prospective and retrospective studies on the risk of alcohol use, researchers
produced estimates of alcohol-attributable deaths and DALYs. With several
methodological improvements

researchers performed meta-analysis of

relative risks for 23 health outcomes associated with alcohol use, The findings
of this study showed that globally, alcohol use was the 7th leading risk factor
for both deaths and DALYs in 2016, accounting for 2·2% of age-standardised
female deaths and 6·8% of age-standardised male deaths.26

Unsafe water, sanitation and hygiene (WASH)
Globally, there is high mortality in many developing countries from diseases
connected with contaminated water, sanitation problems and reduced
hygiene methods. According to the WHO study, in the year 2016, water,
sanitation and hygiene was responsible for 829 000 annual deaths from
diarrhoea, and 1.9% of the global burden of disease (in Disability-Adjusted
Life Years or DALYs). Contaminated drinking water, lack of sanitation
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facilities and hygiene make this risk factor an important environmental
contributor to ill health. Most diarrhoeal deaths in the world are caused by
unsafe water, poor sanitation and hygiene facilities. Health experts
estimated that improvements related to safe drinking-water, sanitation,
hygiene, and water resource management could result in the reduction of
almost 10% of the total burden of disease worldwide. In addition to
diarrhoea, an important share of the following diseases could be prevented
if adequate water quality and quantity, sanitation facilities, hygiene
behaviour, as well as water resource management interventions were
implemented: Malnutrition, Intestinal nematode infections, Lymphatic
filariasis,

Trachoma,

Schistosomiasis,

Malaria,

Other infectious

diseases.
The fact that WASH is the subject of dedicated targets within the
Sustainable Development Goal (SDG 6) is testament to its fundamental role
in public health and therefore in the future of sustainable development.
Indeed, access to safe water and sanitation are human rights, as
recognized in 2010 by the United Nations General Assembly. 27-29

Figure 3. Substantial progress has been made in the last decades
worldwide in increasing access to clean drinking water, sanitation and
hygiene. Despite the progress, billions of people, the majority in rural areas
in the Third World countries still lack these basic services. Worldwide, one
in three people do not have access to safe drinking water, two out of five
people do not have a basic hand-washing facility with soap and water, and
more than 673 million people still practice open defecation.
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Leading causes of death worldwide, 2000 and 2019
World Health Organization (WHO) data were collected by WHO
has detailed the leading caused of death worldwide in 2019. Collectively the
top 10 causes of death accounted for 55% of the 55.4 million deaths that were
on record last year with 7 of them noncommunicable diseases. The top
causes globally, in order of lives lost, are associated with three broad
conditions - cardiovascular (ischaemic heart disease, stroke), respiratory
(chronic obstructive pulmonary disease, lower respiratory infections) and
neonatal conditions (birth asphyxia and birth trauma, neonatal sepsis and
infections,

as

well

as

preterm

birth

complications).

[https://www.statista.com/chart/23755/total-number-of-people-who-died-fromthe-following-conditions/ 11.12.2020].

Figure 4. The numbers of global deaths in the last years was 55-56 million
annually. The leading causes of deaths on a global scale in the 2000 and
2019 in millions were estimated from global statistics by WHO.
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Number one cause of worldwide deaths, cardiovascular diseases.
Cardiovascular diseases cause approximately 1/3 of deaths worldwide.
Ischaemic heart disease (IHD) ranks as the most prevalent and is the number
one cause of death, disability, and human suffering globally. An Ischemic
heart disease (IHD) as a leading cause of death worldwide is referred
as coronary

artery

disease (CAD)

and

atherosclerotic cardiovascular

disease (ACD). The disease clinically is manifested as myocardial infarction
and ischaemic cardiomyopathy. 30
A study estimated that globally IHD affects around 126 million
individuals (2017). Epidemiological data showed that 9 million deaths were
caused by IHD globally. Men were more commonly affected than women
since they are more smokers and obese individuals. Eastern European
countries are sustaining the highest prevalence. In 2019 IHD accounted for
8.9 million deaths (16% of the total deaths worldwide). 31

Stroke as a second leading cause of deaths worldwide
In 2013, stroke was the 2nd leading cause of death (11.8% of all deaths, 6.2
million people) worldwide following ischemic heart disease (14.8% of all
deaths). According to the 2013 Global Burden of Disease study, the
incidence, mortality, and disability-adjusted life years lost to ischaemic stroke
were on a declining trend from 1990 to 2013. However, the overall stroke
burden, which is the absolute number of individuals affected by stroke or
those who remained disabled from stroke, has increased in both sexes of all
ages worldwide.32,33

Chronic obstructive pulmonary disease (COPD)
COPD is a long-term, incapacitating respiratory disease. COPD causes
airflow blockage and breathing-related problems, including emphysema and
chronic bronchitis. COPD makes breathing difficult for millions people on a
global scale. Although there is no cure for COPD, it can be treated. The
Global Burden of Disease Study for 2016 estimated that COPD affects 251
million people worldwide. The main risk factors for COPD are tobacco
smoking, indoor air pollution (such as biomass fuel used for cooking and
10

heating), outdoor air pollution and occupational dusts and chemicals.
COPD is currently the 3rd leading cause of death worldwide, with around 90%
of COPD deaths occurring in low and middle-income countries, and is
associated with 3.2 million deaths in 2019. While the number of deaths from
ischaemic heart disease and strokes increased noticeably between 2000 and
2019, the death toll from COPD only grew slightly because of medicines that
can be used for its treatment.34-36

Figure 5. Upper respiratory tract and lower respiratory tract have different
infectious rates. Any infections that occur in lungs are lower respiratory tract
infections affecting the air sacs around the end of the airways (such as
pneumonia) or the airways (such as bronchitis). The most common lower
respiratory tract infections are: bronchitis, pneumonia and tuberculosis (TB).
Lower respiratory infections (LRI) the 4th leading cause of deaths
LRI remained the world‟s most deadly communicable disease, ranked as the
4th leading cause of death. Acute lower respiratory infections include
pneumonia (infection of the lung alveoli), as well as infections affecting the
airways such as acute bronchitis and bronchiolitis, influenza and whooping
cough. They are a leading cause of illness and death in children and adults
across the world. Around 58% of the hospital admissions were in infants
under 12 months, and 64% of in-hospital deaths occurred in infants younger
than 6 months, of which 79% occurred in low-income and lower-middleincome countries. However, the number of global deaths has gone down
substantially thank to efficient medical treatment and worldwide vaccinations:
in 2019 it claimed 2.6 million lives, 460,000 fewer than in 2000.37-39
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Neonatal conditions is the 5th leading cause of deaths
Globally 2.4 million children died in the first month of life in 2019. There are
approximately 7,000 newborn deaths every day, amounting to 47% of all
child deaths under the age of 5-years, up from 40% in 1990. Globally
substantial improvement has been achieved in the last decade, the number of
neonatal deaths declined from 5.0 million in 1990 to 2.4 million in 2019.
Neonatal conditions that cause deaths are ranked 5th in number of deaths.
However, deaths from neonatal conditions are one of the categories for which
the global decrease in absolute numbers over the past two decades has been
the greatest. Neonatal diseases killed 2 million newborns and young children
in 2019, 1.2 million fewer than in 2000. In 2013, 2.3 million children under the
age of 5 years died from infectious diseases such as lower respiratory
infection (708, 600 deaths), diarrhoea (474, 900 deaths), and malaria
(570, 000 deaths). It is estimated that on a global scale, there are 3 million
cases of sepsis in neonates and 1·2 million cases in children. A sepsis is a
common and frequently fatal condition affecting neonates and children
globally.40-42
Malignant neoplasms (cancers) of the respiratory system: Trachea,
bronchus and lung cancers is the 6th leading cause of deaths
Cancer (malignant neoplasms) is the second leading cause of death
globally, and is responsible for about 10 million deaths per year. Globally,
about 1 in 6 deaths is due to cancer. The most common causes of cancer
death in 2020 were: Lung cancer (1.80 million deaths); Colon and Rectum
cancers (935 000 deaths); Liver cancer (830 000 deaths); Stomach cancer
(769 000 deaths); and Breast cancer (685 000 deaths).[WHO,cancer,
2020,https://www.who.int/news-room/fact-sheets/detail/cancer].
Approximately 70% of deaths from cancer occur in low- and middleincome countries. Around 1/3 of deaths from cancer are due to tobacco
smoking, high body mass index, alcohol use, low fruit and vegetable intake,
and lack of physical activity. Tobacco smoking is the most important risk
factor for cancer and is responsible for approximately 25% of cancer deaths.
Cancer of the respiratory system are increasing in most countries where there are
12

high numbers of smokers. Trachea, bronchus and lung cancers deaths have risen
from 1.2 million to 1.8 million and are now ranked 6th among leading causes of death
worldwide.43-46

In its latest report, "Leading causes of death and disability," the World
Health Organization (WHO) has examined data from 2000-2019 to
track trends in life-limiting and life-shortening illness and injury.

Figure 5. WHO Global Health Estimates. Leading causes of death globally
2000 and 2019. There are decreases in number of deaths for lower
respiratory infections, neonatal conditions, and diarrhoeal diseases, due to
better prevention of infections, better pharmaceutical treatments and
widespread vaccinations.
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Alzheimer’s disease and other forms of dementia.
In 2019, Alzheimer‟s disease and other forms of dementia ranked as the 7th
leading cause of death. Women are disproportionately affected. Globally, 65%
of deaths from Alzheimer‟s and other forms of dementia are women.47

Diarrhoeal diseases.
Diarrhoeal diseases account for 1 in 9 child deaths worldwide, making
diarrhea the second leading cause of death among children under the age of
5. For children with HIV, diarrhea is even more deadly; the death rate for
these children is 11 times higher than the rate for children without HIV.
Despite these sobering statistics, improvements in sanitation and clean
drinking water made over the last 20 years have shown that, in addition to
rotavirus vaccination and breastfeeding, diarrhea prevention focused on safe
water and improved hygiene and sanitation. Diarrhoeal diseases faced
globally the largest decline in the number of deaths in the last 20 years.
Global deaths decreased from 2.6 million in 2000 to 1.5 million in 2019. 48

Diabetes mellitus and Global Burden of Disease
Diabetes has entered the top 10 causes of death, following a significant
percentage increase of 70% since 2000. Diabetes is also responsible for the
largest rise in male deaths among the top 10 causes of death, with an 80%
increase since 2000. In 2017, approximately 462 million individuals were
affected by type 2 diabetes corresponding to 6.28% of the world‟s population
(4.4% of those aged 15–49 years, 15% of those aged 50–69, and 22% of
those aged 70+). Over 1 million deaths per year can be attributed to diabetes
alone, making it the 9th leading cause of mortality. The burden of diabetes
mellitus is rising globally, and at a much faster rate in developed regions, such
as Western Europe. Increased consumption of unhealthy diets and sedentary
lifestyles, resulting in elevated Body Mass Index (BMI) and fasting plasma
glucose, have been blamed for these trends. The aging of the human
population is another contributor, as diabetes tends to affect older individuals.
The cost of diabetes care is at least 3.2 times greater than the average per
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capita healthcare expenditure. Control of blood glucose, blood pressure, and
other targets remains suboptimal for many patients.49,50
There is an interesting change in the death rates for the last 10 years
from HIV/AIDS (Human Immunodeficiency Virus/Acquired ImmunoDeficiency
Syndrome). Deaths from HIV (the 10th most deadly globally in 2000)
decreased due to discovery of antiviral drugs and efficient therapies. HIV
deaths have fallen by 51% during the last 20 years, moving from the world‟s
8th leading cause of death in 2000 to the 19th in 2019. 51
Many

countries

have

seen significant

declines

in

HIV/AIDS,

but success has varied across regions and countries. Although the epidemic
peaked in magnitude in 2005, HIV/AIDS is still among the top causes of death
globally, and nearly 30 million people are living with HIV worldwide. Over the
past 20 years, HIV has become a manageable chronic illness for people who
can be tested and treated. Interventions such as antiretroviral therapies
(ART).52

Chronic Kidney diseases and Global Burden of Diseases.
Chronic kidney disease, also called chronic kidney failure, describes the
gradual loss of kidney function. Human kidneys filter wastes and excess fluids
from blood. When chronic kidney disease reaches an advanced stage,
dangerous levels of fluid, electrolytes and wastes can build up in the body.
This type of diseases have risen from the world‟s 13th leading cause of
death to the 10th. Mortality has increased from 813 000 in 2000 to 1.3 million
in 2019. In 2017, the global prevalence of Chronic Kidney Diseases (CKD)
was 9·1%, which is roughly 700 million cases. Since 1990, the prevalence of
CKD has increased by 29·3%. A substantial increase was noted in agestandardised incidence of end-stage kidney disease (ESKD) treated by renal
replacement therapy, with dialysis and kidney transplantation increasing by
43·1%. The global increase in mortality from CKD since 1990 was 41·5%
making CKD the 12th leading cause of death globally in 2017, an increase
from 17th in 1990.53-55
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Air pollution as a leading cause of mortality
The most notorious air pollution episode appeared in 1948 in Donora,
Pennsylvania smog incident (22 people die, 600 are hospitalized and
thousands made ill) and in the city of London (December 1952), a
combination of smoke and fog that brought the city to a near standstill and
resulted in approximately 4,000 of premature deaths. Also, Los Angeles in
California in the 1950s and 1960s witnessed severe air pollution episodes.
The situation prompted the legislation for the Federal Air Quality Act of 1967
giving California the ability to set its own more stringent air quality rules due to
California's unique geography, weather and expanding number of people and
vehicles. People in Los Angeles suffered from burning eyes and sore lungs.56

Figure 6. December 1952. The temperature inversion prevented London‟s
sulfurous coal smoke from rising, there was no wind to disperse the
soot-laden smog. The Great smog lasted 5 days. Los Angeles has had
years of thick air pollution due to a ballooning population, unregulated
industry, a booming car industry, high traffic, and its natural geography.
Air pollution causing harmful health conditions is not only the ambient
outdoor environment of the big cities with cloudy pictures of smoke, but
equally important is indoor air pollution and in the working environment. In
2020 the five big cities New Delhi, Tokyo, Shanghai, Sao Paulo and Mexico
City recorded ~ 160,000 premature deaths due to air pollution.
Air pollution affecting human health consists of three main sectors:
outdoor or ambient air pollution (city traffic, industrial pollution, municipal
waste), indoor air pollution (household using fossil fuel devices, coal-wood
stoves, smoking, inadequate ventilation, radon, building materials, asbestos),
16

occupation environmental air pollution (workplace pollution, solvents,
materials, factories, workshops, commercial buildings, pneumoconiosis in
mines, etc).
According to the WHO estimates (2014), ambient air pollution, also
known as outdoor air pollution accounted for 3.7 million deaths in 2012, most
of them (88%) in low- and middle-income countries. Whereas, indoor
(household) air pollution accounted for 4.3 million deaths, again mostly in lowand middle-income countries. The total number of estimated deaths is 8
million. South East Asia and the Western Pacific bear the largest burden from
both sources of pollution.57

Ambient (outdoor) air pollution is one of the world’s largest
health and environmental problems
Ambient (outdoor) air pollution is a risk factor for several of the world‟s
leading causes of death, including stroke, heart disease, lung cancer, and
respiratory diseases, such as asthma. According to the Global Burden of
Disease study it is estimated that 3.4 million people died prematurely in 2017
as a result of ambient (outdoor) air pollution. To put this into context: this was
more than 3 times the number who died from HIV/AIDS. 58,59
WHO research established that in 2016, 90% of the world population
was living in places where the “WHO air quality guidelines” (2005) levels were
not met. In addition, humans are daily witness serious health respiratory
problems from bad conditions in their household. In particular, indoor smoke
is a serious health risk for some 3 billion people who cook and heat their
homes with biomass, kerosene fuels and coal and have inadequate
ventilation.60
WHO estimates that in 2016, some 58% of ambient (outdoor) air
pollution-related premature deaths were due to ischaemic heart disease and
strokes, while 18% of deaths were due to chronic obstructive pulmonary
disease and acute lower respiratory infections respectively, and 6% of deaths
were due to lung cancer. Some deaths may be attributed to more than one
risk factor at the same time. For example, both smoking and ambient air
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pollution affect lung cancer. Some lung cancer deaths could have been
averted by improving ambient air quality, or by reducing tobacco smoking.
WHO Guideline levels for each air pollutant (µg/m3 ):
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10 min

500

PM2.5

Nitrogen dioxide, NO2

Sulfur dioxide, SO2

World Health Organization (WHO) Air quality guidelines
[https://www.who.int/airpollution/publications/aqg2005/en/ ].

(2005)

The International Agency for Research on Cancer (IARC) was created
in1965, by a resolution of the World Health Assembly, as the specialized
cancer agency of the World Health Organization (Lyon, France, WHO)..A
2013 assessment by WHO‟s International Agency for Research on Cancer
(IARC) concluded that outdoor air pollution is carcinogenic to humans, with
the particulate matter (PM10 and PM2.5) component of air pollution most
closely associated with increased cancer incidence, especially lung cancer.
An association also has been observed between outdoor air pollution and
increase in cancer of the urinary tract/bladder.
Researchers at University Medical Center and Max Planck Institute for
Chemistry in Mainz (Germany) considered that the World Health Organization
(WHO) estimation of 4.2 million deaths (2016) form air pollution is an
underestimate. They have concluded that this figure could actually be closer
to 8.8 million people. According to the study, nearly 800,000 Europeans die
prematurely every year due to illnesses caused by air pollution. Polluted air
shortens the lifespan of Europeans by more than two years.
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Researchers used a data-informed atmospheric model to calculate
worldwide exposure to PM2.5 and ozone (O3) pollution, which was combined
with the GEMM (A novel Global Exposure Mortality Model) to estimate
disease-specific excess mortality and loss of life expectancy in 2015. Using
this model, they investigated the effects of different pollution sources,
distinguishing between natural (wildfires, aeolian dust) and anthropogenic
emissions, including fossil fuel use. Global excess mortality from all ambient
air pollution is estimated at 8.8 million/year. The global mean mortality rate of
about 120 per 100, 000 people/year is much exceeded in East Asia (196 per
100, 000/year) and Europe (133 per 100, 000/year). Without fossil fuel
emissions, the global mean life expectancy would increase by 1.1 years and
1.7 years by removing all potentially controllable anthropogenic emissions.
They concluded that ambient air pollution is one of the main global health
risks, causing significant excess mortality, especially through cardiovascular
diseases.61
Air pollution is thus proving to be the main environmental risk factor for
mortality worldwide, even surpassing both active and passive smoking, which
accounts for 7.2 million deaths per year.
Research in the last decade has demonstrated the negative health
effects of air pollution with increase in cardiovascular diseases (CVDs), heart
attacks and strokes, as well as chronic conditions such as asthma. But air
pollution is not only anthropogenic in origin but can be present in the natural
world, such as vast amounts of dust in parts of Africa and particulate dusts
from wildfires. But mostly ambient air pollution originates from the burning of
fossil fuels in industry and petroleum fuels in vehicle engines that are
dangerous air pollutants in the respiratory system.62
Scientific estimates concluded that air pollution accounts (outdoor+
indoor + occupational) account for more than 1 in 9 deaths globally. In 2019,
air pollution was the 4th leading risk factor for death globally. Its total impact is
exceeded only by high blood pressure, dietary risks, and tobacco use. Air
pollution deaths exceed those of other widely recognized risk factors for
chronic disease such as being overweight (high body-mass index), having
high cholesterol, and malnutrition.
19

Figure 7. Global ranking of risk factors by total deaths from all causes in
2019. State of the Global Air/2020, Impacts on your health
[https://www.stateofglobalair.org/health ].
Extensive clinical research and epidemiological studies indicate that
ambient air pollution increased ischemic heart disease, lung cancer, chronic
obstructive pulmonary disease (COPD), lower-respiratory infections (such as
pneumonia), stroke, type 2 diabetes, and a range of neonatal diseases related
primarily to low birth weight and preterm birth. Ongoing studies continue to
explore air pollution‟s role in the development of additional conditions
including asthma, cognitive disorders, and other effects,
Regionally, low and middle-income countries in the WHO‟s South-East
Asia and Western Pacific Regions had the largest air pollution related burden
in 2012, with a total of 7.1 million deaths. The South East Asian and Western
Pacific regions bear most of the burden with 2.2 and 2.8 million deaths
respectively. More than 600,000 deaths occurred in Africa, 394,000 in the
Eastern Mediterranean region, 287,000 in Europe and 131,000 in the region
of Americas. The remaining 472,000 deaths occurred in high income
countries.63-66
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Health Impacts of ambient particulate matter (PM2.5 and PM10)
Ambient air pollution consist mainly from hazardous Particulate Matter
(PM) components which are carbonaceous particles containing adsorbed
organic chemicals and reactive metals. Common components of PM include
nitrates, sulfates, polycyclic aromatic hydrocarbons (PAH), and heavy metals
(iron, copper, nickel, zinc, vanadium, etc). PM is subclassified according to
particle size into (a) coarse (PM10, diameter <10μm), (b) fine (PM2.5, diameter
<2.5μm), and (c) ultrafine (PM0.1, diameter <0.1μm).

Figure 8. Particulate matter (coarse PM10 and fine PM2.5) of ambient air
pollution is inhalable and can penetrate into the lungs and deposit in the
alveoli. Also, fine PM can pass into the bloodstream. PM causes systemic
inflammation in the respiratory system leading to asthma, bronchitis and lung
cancer and other adverse health effects.
Scientific data showed that all types of PM of ambient air pollution are
hazardous because their size and chemical composition has the potential to
cause inflammatory reactions that become the focus of intitiation of respiratory
diseases. PM ambient air pollution is particularly high in big cities due to
exhaust gases/particulates from diesel cars, buses and tracks. PM contributes
to a substantial increase of

Burden of Disease worldwide, considered to

cause up to or more than 3-3.5 million deaths in the last decade, reaching 4
million in 2019.67-70
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Ambient air pollution and health impacts of Ozone (O3)
Ozone (O3) is a gaseous oxidative irritant associated with a spectrum
of adverse health events in the respiratory system. Ground-level ozone has
been shown to cause decreases in lung function and has been associated
with other important respiratory health effects. Some reports suggest shortterm increases in ozone lead to increased cardiopulmonary mortality.

Figure 9.
Photochemical reactions involving Volatile organic compounds
(VOCs) and nitrogen oxides NOx, NO, NO2 with Ultraviolet (UV) solar
radiation produce ozone. Long-term exposure to ozone is likely to be one of
many causes of asthma development. Also, ozone exposure is likely to cause
premature deaths, and the evidence is stronger for mortality due to respiratory
illnesses than for that due to other diseases.
Ozone can cause adverse respiratory effects such as difficulty of
breathing and inflammation of the airways in the general population. These
effects can aggravate lung diseases such as asthma, emphysema, and
chronic bronchitis [chronic obstructive pulmonary disease (COPD)]. Ozone
exposure is likely to cause premature deaths, and the evidence is stronger
for mortality due to respiratory illnesses than for that due to other
diseases.71,72
Ozone effects on total mortality was performed in the “Air Pollution and
Health: A European Approach (APHEA2) project” (2004). Data were collected
on daily ozone concentrations, the daily number of deaths, confounders, and
potential effect modifiers from 23 cities/areas for at least 3 years since 1990 in
Europe. No significant effects were observed during the cold half of the year.
22

For the warm season, an increase in the 1-hour ozone concentration by10
mug/m3 was associated with a 0.33% increase in the total daily number of
deaths, 0.45% in the number of cardiovascular deaths, and 1.13% in the
number of respiratory deaths. The associations with total mortality were
independent of SO2 and particulate matter ((PM10) but were somewhat
confounded by nitrogen dioxide and carbon monoxide (NO2 and CO).73
A recent meta-analysis (2021) in China updated evidence regarding
the short-term effect of ozone (O3) on respiratory mortality in China. After
screening large number of research papers, 12 studies with 19 estimates
were selected for further meta-analysis. The results revealed that respiratory
mortality significantly increased by 0.55% for every 10-μg/m3 increase in the
maximum 8-h average concentration of ozone.74
In 2019, long-term exposure to ground-level ozone contributed to an
estimated 365,000 deaths. That equates to about 11% of all Chronic
Obstructive Pulmonary Diseases (COPD) deaths globally. Over 70% of these
deaths occurred in India – 168,000 and China – 93,300 reflecting their higher
ambient

ozone

exposures,

large

populations

and

higher age-

standardized COPD death rates attributed to ozone. By comparison, the
number of ozone-attributable deaths in Global Burden of Disease (GBD) High
Income Super Region countries (USA, Europe, Canada, Australia, etc)
accounted for less than 9% of the global total or about 32,300.75

Ambient air pollution and health impacts of NOx
Nitrogen oxides (NOx) are 7 different oxidative gases produced mainly
in the exhaust systems of vehicles. Motorcars contribute about 50% of the
NOx that is emitted. Electric power plant boilers produce about 40% of the
NOx emissions. Additionally, substantial emissions of NOx are also added by
industrial boilers, incinerators, gas turbines, iron and steel mills, cement
manufacture, glass manufacture and petroleum refineries. Nitrogen dioxide
(NO2) is a respiratory toxicant gas which in outdoor air is derived primarily
from the oxidation of nitric oxide (NO). In urban areas, the predominant
source of NO and NO2, as well as carbon particles, carbon monoxide (CO),
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and other pollutants, is motor vehicle exhaust producing NOx at high
temperature and pressure.76
A growing number of cohort studies investigated the long-term
NO2 concentrations associated with mortality or disease incidence. Recent
systematic reviews and meta-analyses have assessed the evidence from
cohort studies published to 2013–2014 and reported associations between
NO2 concentrations and mortality from all-cause, cardiovascular, and
respiratory diseases and lung cancer.77-79
An assessment of the evidence for the impact on mortality by oxides of
nitrogen (NOx) was conducted by the US Environmental Protection Agency
(EPA). The Integrated Science Assessment included toxicologic and
epidemiologic evidence across a wide range of health end points. The
conclusion was that there is a causal relationship between long-term
exposure to NO2 and mortality among adults. This extensive review included
cohort studies published up to 2014. A similar conclusion was reached by
Health Canada.80,81
Nitrogen dioxide (NO2) has not yet been included in global burden of
disease assessments but is associated with asthma exacerbation and
incidence and has been considered a key pollutant in country- and city-level
air pollution impact estimates. There are various investigations with
quantitatively estimate of asthma and synergistic effects with ambient
ozone, and PM2.5, and NO2 globally.82-85
Exposure to ambient nitrogen dioxide (NO2) has been linked to
increased mortality in several epidemiological studies but the question
remains of whether NO2 is directly responsible for the health effects or is only
an indicator of other pollutants, including particulate matter (PM). A review of
23 scientific papers evaluated the relationship between NO2 and PM and
association with mortality. A random-effects meta-analysis was carried out on
19 studies. The pooled effect on mortality was 1.04 with an increase of 10
μg·m−3 in the annual NO2 concentration and 1.05 for particulate matter <2.5
μm (PM2.5) (10 μg·m−3). There is evidence of a long-term effect of NO2 on
mortality as great as that of PM2.5.86-88
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Ambient air pollution, health impacts of SO2
Sulphur dioxide (SO2) is an oxidant gas.

Short-term exposures to

SO2 can harm the human respiratory system and make breathing difficult.
People with asthma, particularly children, are sensitive to these effects of
SO2. Coal-fired power plants remain one of the biggest sources of sulfur
dioxide. After SO2 gets into the air, it changes chemically into sulfate particles
(SO4), which can blow hundreds of miles away. Sulfur dioxide causes a range
of harmful effects on the lungs, shortness of breath and chest tightness.
Continued exposure at high levels increases respiratory symptoms and
reduces the ability of the lungs to function. Increased risk of hospital
admissions or emergency room visits, especially among children, older
adults.89

Indoor air pollution and human health
Indoor air pollution (in houses, shops, schools, hospitals, etc) is equally
important in morbidity and mortality as the outdoor air pollution. Indoor air
pollution consists of dust, dirt or gases in the air inside a building. The types of
air pollutants are particulate matter (PM), carbon monoxide, nitrogen oxides,
sulphur dioxide, ozone. These pollutants accumulate in indoor environments
because of poor ventilation, solvents evaporation, chemical and cleaning
products, smoking (passive smoking), cooking (especially with stoves without
proper ventilation), dust from building materials, radon, heating devices, etc.90
Indoor air pollution is more heterogeneous than outdoor air pollution,
with wide variations in pollutants and sources between countries. Worldwide,
second-hand smoke is a major source of indoor air pollution. In Asia, cooking
and heating with solid fuels are the main sources of indoor air pollution,
whereas in Europe, several sources contribute to indoor pollution, such as
volatile organic compounds (VOC) from organic solvents, household products
and PM from cooking and wood burning (in countries like India).
Nevertheless, a recent European study demonstrated that 60% of the global
burden of indoor air pollution-related disease comes from outdoor
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PM2.5 penetrating inside via air exchange. Consequently, decreasing the
burden of disease from indoor air pollution requires measures that affect
indoor air pollution sources, ventilation and filtration of outdoor air.91,92

Figure 10. Globally, there are approximately 1.4 billion people without access
to electricity and 2.7 billion people who rely on solid fuel (wood, crop residue,
dung and coal) for cooking. The use of these traditional cooking fuels creates
extreme indoor air pollution with hazardous smoke and gases. Researchers
estimated that 4 million attributed deaths annually due to the negative health
effects associated with indoor air pollution. Approximately 3% percent of those
who cooked with solid fuels (820 million people) resided in India.

In most developed countries indoor air pollution is a serious threat to
human health, causing mainly respiratory diseases and premature deaths
each year. A plethora of pollutants are produced everyday from smoking,
cooking, volatile compounds, dusts, etc. But prevention of indoor air pollution
is easy by identifying the main sources and devise strategies for the control
and enhancement of indoor air quality.93,94
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Conclusions
Ambient air pollution has been known from the 1960s in big cities and
its health hazards were recognized by numerous epidemiological and clinical
studies. Most people living in urban areas of developed and developing
countries have witnessed high concentrations of air pollutants and hazardous
conditions from pollution episodes. Studies have established that both shortand long-term exposure to air pollution can lead to a wide range of diseases
(e.g. cardiovascular diseases and reduced lung function, respiratory infections
and aggravated asthma). The International Agency for Research on Cance
(IARC) has classified air pollution, in particular PM2.5, as a leading cause of
respiratory cancer and other diseases.
Air pollution (indoor, outdoor, working environment) is not only
hazardous and causes a number of diseases (morbidity) but also increase
premature deaths. Estimates for outdoor air pollution accounted for 3.7 million
deaths most of them (88%) in low- and middle-income countries. Whereas,
indoor (household) air pollution accounted for 4.3 million deaths. These total
estimates differ among research groups because of the different assumptions
and synergistic effects with other factors (like smoking).
The Global Burden of Disease estimations and large number of
epidemiological and meta-analysis studies estimated that air pollution cause 7
million deaths worldwide every year. Recent studies estimated that global
excess mortality from air pollution is estimated at more than 8 million/year.
WHO collects in the last decades a great number of data that shows 9
out of 10 people breathe air that exceeds WHO guideline limits containing
high levels of gaseous and particulate pollutants, in low- and middle-income
countries suffering from the highest exposures. From smog hanging over
cities to particulate smoke in urban areas and inside the home, air pollution
poses a major threat to health and climate. The combined effects of ambient
(outdoor) and household (indoor) air pollution cause (approximately) about
seven million premature deaths every year, largely as a result of increased
mortality from stroke, heart disease, chronic obstructive pulmonary disease,
lung cancer and acute respiratory infections.
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