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Air pollution – facts and figures 

World-wide: 
3 - 7 million deaths per year 
Responsible for 6% of all deaths globally 

Scotland: 
2,100 – 3,500 deaths per year 
Responsible for 3.9% of deaths of people over the ages of 25 
Cost of £1.6 billion to Scottish economy per year  

 UK: 
29,000 – 52,000 deaths per year 
Associated with £54 billion cost to UK economy annually 
Reduces average life expectancy by 8 months 

Europe: 
400,000 premature deaths per year 
Exposure to airborne particles reduce life expectancy by 1 year  
  

Air pollution as a risk factor for disease 

The world-wide effects of air pollution are considerable 
 MORTALITY: 800,000 - 7 million deaths per year 

 
 MORBIDITY loss of more 5 million work days per year 

Cohen et al. 2017. Lancet 389: 1907-18
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higher values. We fit age-specific functions for IHD 
and cerebrovascular disease, and estimated decreasing 
relative risks as age increased from 25 years to 80 years.

Global population-weighted PM2·5 increased by 11·2% 
from 1990 (39·7 µg/m³) to 2015 (44·2 µg/m³), increasing 
most rapidly from 2010 to 2015 (figure 2). Among the 
world’s ten most populous countries, exposures since 2010 
increased in Bangladesh and India and were stable but 
remained high in Pakistan and China. Exposures decreased 
substantially in Nigeria and were low and slightly decreased 
in the USA, Brazil, and Russia. Population-weighted 
concentrations were low and stable in Japan and Indonesia.

The highest estimated population-weighted mean con-
centrations in 2015 were for Qatar (107·3 µg/m³), 
Saudi Arabia (106·2 µg/m³), and Egypt (104·7 µg/m³), 
followed by Bangladesh (89·4 µg/m³), Mauritania 
(85·1 µg/m³), Libya (79·2 µg/m³), Nepal (75·0 µg/m³), 
and India (74·3 µg/m³). The population-weighted mean 
PM2·5 in China was 58·4 µg/m³, with provincial 
population-weighted means ranging from 19·1 µg/m³ to 
79·3 µg/m³. The lowest estimated population-weighted 
means were in several Pacific island nations and 
territories (Kiribati, American Samoa, Samoa, Tonga, 
Solomon Islands, Fiji, and Guam), Brunei, Sweden, 
Greenland, New Zealand, Australia, Finland, Iceland, 
Liberia, and Canada (all ≤8·0 µg/m³).

Population-weighted ozone levels increased by 7·2% 
globally from 1990 (56·8 parts per billion [ppb]) to 2015 
(60·9 ppb). Within the world’s ten most populous 
countries, increases of 14–25% were noted in China, 
India, Pakistan, Bangladesh, and Brazil, with smaller 
increases in Japan and negligible changes in Russia and 
Nigeria (data not shown). Decreases in population-
weighted concentrations were noted in the USA (5·2%; 
from 70·2 ppb to 66·5 ppb) and Indonesia (12·9%; from 
50·2 ppb to 43·7 ppb).

Long-term exposure to PM2·5 contributed to 4·2 million 
(95% UI 3·7 million to 4·8 million) deaths and to a loss 
of 103·1 million (90·8 million to 115·1 million) DALYs in 
2015, representing 7·6% of total global deaths and 4·2% 
of global DALYs, which is an increase from 1990. In 2015, 
ambient PM2·5 was the fifth-ranked risk factor for global 
deaths and sixth-ranked risk factor for DALYs among the 
risk factors included in GBD 2015 (figure 3). DALYs 
attributable to long-term exposure to PM2·5 consisted of 
99·2 million (95% UI 87·7 million to 111·0 million) years 
of life lost and 3·9 million (2·6 million to 5·2 million) 
years lived with disability in 2015.

Household air pollution from solid fuel use was 
responsible for 2·8 million (95% UI 2·2 million to 
3·6 million) deaths and 85·6 million (66·7 million to 

Figure 3: Leading level 3 Global Burden of Diseases global risk factors for 
deaths (A) and disability-adjusted life-years (B), 1990 and 2015

Risks are connected by lines between years; solid lines show risks that have 
stayed the same or moved higher in the ranking and dashed lines show risks that 

have moved lower. 
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106·1 million) DALYs in 2015. Together, ambient and 
household air pollution were estimated to have caused 
6·4 million (5·7 million to 7·3 million) deaths in 2015. 

Mortality from cardiovascular disease (IHD and 
cerebrovascular disease) accounted for most deaths and 
DALYs attributable to ambient PM2·5 air pollution 
(figure 4; table 1). Ambient PM2·5 air pollution contributed 
to 17·1% of IHD, 14·2% of cerebrovascular disease, 
16·5% of lung cancer, 24·7% of LRI, and 27·1% of COPD 
mortality in 2015 according to GBD compare.21 

Age-standardised death and DALY rates due to 
exposure to PM2·5 were higher in males than females 
(table 1), as a result of higher all-cause mortality rates in 
males (1018·6 per 100 000 males vs 703·4 per 
100 000 females21). They were also higher in elderly 

people (age >70 years) than in children (age <5 years; 
table 1), mainly because of age-related differences in 
mortality from non-communicable diseases (41·4 per 
100 000 children aged 1–5 years vs 2914·4 per 
100 000 adults aged 70–74 years21). Ambient PM2·5 
contributed to 202 000 (95% UI 152 700–254 600) deaths 
and 17·4 million (13·1 million to 21·9 million) DALYs 
from LRI in children younger than 5 years. 

Deaths attributable to long-term exposure to PM2·5 in 
2015 varied substantially among countries (figure 5). 
South and east Asia contributed 59% of the 4·2 million 
global deaths attributable to ambient PM2·5 in 2015 
(1·36 million deaths [95% UI 1·19 million to 1·56 million] 
in south Asia and 1·14 million deaths [0·97 million to 
1·31 million] in east Asia). In World Bank high-income 
countries, exposure to ambient PM2·5 contributed to 4·3% 
of total deaths in 2015 versus 9·0% in upper-middle-
income, 8·7% in lower-middle-income, and 4·9% in low-
income countries. These differences in attributable 
mortality mostly reflect the fraction of total deaths from 
cardiovascular disease among countries.3 The highest 
age-standardised rates of death due to PM2·5 exposure 
were in southern Asia (133·4 per 100 000 population, 
95% UI 114·2–152·6), central Asia (85·2 per 
100 000 population, 72·0–98·9), and eastern Asia 
(83·2 per 100 000 population, 70·4–95·6). Rates in high-
income North American (USA, Canada, and Greenland; 
17·8 per 100 000 people [95% UI 13·6–22·9]), Asian 
(18·7 per 100 000 people [14·6–23·7]), and western 
European countries (19·9 per 100 000 [15·9–24·8]) were 
four to eight times lower (appendix pp 26–1078). 

Table 2 provides 2015 mortality and DALY estimates for 
the world’s ten most populous countries in 2015. 
Ambient PM2·5 ranked among the top ten risk factors for 
mortality in each of the world’s most populous countries. 
China and India combined had the largest numbers of 

Figure 4: Deaths attributable to ambient particulate matter pollution by year and cause
PM2·5=particle mass with aerodynamic diameter less than 2·5 µm.
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Year
Tracheal, bronchial, and lung cancer
Ischaemic heart disease

Cerebrovascular disease
Chronic obstructive pulmonary disease

Lower respiratory 
infections

Deaths, in thousands (95% UI) Age-standardised deaths 
per 100 000 people 
(95% UI)

DALYs, in thousands (95% UI) Age-standardised DALYs 
per 100 000 people 
(95% UI)

All causes 4241·1 (3698·0–4776·7) 66·0 (57·2–74·8) 103 066·2 (90 829·6–115 072·6) 1490·9 (1312·4–1665·6)

Disease

Lower respiratory infection 675·0 (491·9–889·0) 10·1 (7·4–13·4) 28 359·9 (21 141·8–35 796·9) 390·9 (290·9–494·3)

Lung cancer 283·3 (178·4–398·7) 4·4 (2·7–6·1) 6209·1 (3934·9–8689·3) 90·9 (57·5–127·3)

Ischaemic heart disease 1521·1 (1231·7–1821·2) 23·6 (18·9–28·5) 32 406·0 (27 078·2–37 427·4) 470·7 (394·6–543·0)

Cerebrovascular disease 898·1 (717·6–1083·6) 14·0 (11·0–17·1) 19 242·8 (16 095·9–22 679·7) 281·2 (234·4–331·4)

Chronic obstructive 
pulmonary disease

863·6 (538·5–1212·8) 14·0 (8·7–19·6) 16 848·2 (10 517·4–23 590·0) 257·2 (160·3–360·6)

Sex

Male 2455·4 (2140·2–2752·9) 83·9 (72·5–94·7) 62 894·7 (55 545·7–70 098·2) 1888·8 (1659·4–2113·6)

Female 1785·7 (1546·2–2049·2) 50·8 (44·0–58·4) 40 171·5 (35 205·5–45 382·8) 1127·4 (986·6–1275·4)

Age

Children <5 years 202·6 (152·7–254·6) 30·1 (22·7–37·8) 17 431·1 (13 139·7–21 906·3) 2585·9 (1949·1–3249·5)

Elderly >70 years 2228·3 (1842·0–2653·9) 562·7 (465·1–670·8) 25 073·0 (20 775·2–29 511·1) 6302·2 (5226·3–7419·8)

DALY=disability-adjusted life-year. UI=uncertainty interval.

Table 1: Global deaths, disability-adjusted life-years, and age-standardised rates attributable to ambient particulate matter pollution in 2015
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Air pollution and the cardiovascular system 

- How does pollution cause cardiovascular effects? 
- Which components of air pollution are 
responsible? 

•  Underlying cause for link unknown. 

 
•  Long term exposure to air pollution linked to 

heart disease 

 
•  Short term exposure to air pollution linked to 

heart attacks 

What is air pollution? 

Particles

Gases

Volatile
Liquids

organic 
species

reactive 
metals

The link between air pollution and 
cardiovascular disease is greatest 
for the particles in air pollution 
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The size of particulate matter (PM) 

0.5 μm 

                                           diameter (μm)     

  Coarse: PM10      2.5 – 10.0 

  Fine: PM2.5                0.1 – 2.5  

 

  Ultrafine PM (nanoparticles)                < 0.1 

20μg/m3 130μg/m3 

Typical particles 
black smoke 

now 1950 

Traffic derived 
nanoparticles 

Trends in particulate air pollution 

Vehicles on 
UK roads 

2 million 28 million 
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Nanoparticles 

10 nm 100 nm 1 µm 10 µm 100 µm 

50 µm 0.05 µm 0.5 µm 5 µm 

Molecules virus Bacteria RBC 
Mononuclear 

Cell Pollen Hair 

Limit of human vision combustion-
derived 

nanoparticles 

•  Diesel engine exhaust rich in nanoparticles
•  Mass vs surface area
•  Believed to be especially harmful

Controlled exposure to dilute diesel exhaust
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Blood vessel relaxation
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Cardiac Ischaemia

BASELIN
E 

J POINT J POINT + 
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cardiac
ischaemia

clean air exposure 

diesel exhaust exposure 

Biological mechanisms for the cardiovascular 
effects of air pollution 

Air pollution lungs
cardiovascular 

disease
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Do particles move (‘translocate’) into the blood 

air spaces in the lung 

blood vessels 
in the lung 

lung 
tissue 

•  How inhaled particles cause effects 
elsewhere in the body? 

•  Several different theories 

•  Can nano-particles cross into the blood 
and by carried around the body? 

•  Measuring carbon nanoparticles in the 
body is difficult 

Why	  use	  gold?	  
•  Size	  similar	  to	  particles	  in	  diesel	  exhaust	  
•  Non-‐harmful	  
•  Specialised	  techniques	  to	  measure	  very	  low	  levels	  

Tracking inhaled gold nanoparticles 

•  2-‐hour	  inhala-on	  of	  gold	  
nanopar-cles	  during	  intermi7ent	  
exercise	  

•  Blood	  samples	  from	  15	  min	  –	  24h	  	  	  
&	  	  	  3	  months	  

•  24-‐h	  urine	  collec-on	  
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Gold nanoparticles accumulate 
at areas of vascular disease 

•  Patients with a history of stroke 
•  Inhalation of gold nanoparticles the day prior to 

surgery 
•  Atherosclerotic plaques removed from the major 

artery of the neck 
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Aortic arch region – heavily diseased artery  

Descending Aorta – artery with little disease 

•  Animal studies allow us to look 
at the biology more closely 

•  Administration of gold particles 
to the lung 

•  Look for gold in different blood 
vessels 

Summary 

•  Air pollution is responsible for many millions of premature 
deaths worldwide per year 

 
•  The particles in air pollution are believed to be especially 

harmful 

•  Diesel fumes harm the cardiovascular system in multiple ways 

•  Nanoparticles can enter the blood and reach areas of disease 

•  Reducing emissions from vehicles will be important in tackling 
the air pollution issue 
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