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1 Executive summary 

Dramatic improvements in air quality as a result of lockdown measures have highlighted 

benefits of clean air. The emerging evidence of an association between air pollution and 

Covid-19 and the way these impacts fall unevenly on society is galvanising focus on air 

pollution as part of a green recovery. 

This report provides an overview of current evidence on the health effects of air pollution, 

metrics for exposure and the treatment of vulnerable groups in planning policy. Based on this 

review, policy recommendations are made for communicating air pollution in the context of a 

green recovery, updating London’s air quality alerts system, protection of vulnerable groups 

and the implementation of air quality positive in the planning system. 

Key findings from a review of current evidence on the health effects of air pollution: 

• There is an ever-growing evidence base for the connections between air pollution and 

cardiovascular and pulmonary health and the link to premature mortality, with 

connections also being made to other conditions such as diabetes, dementia, mental 

health and birth outcomes and most recently potential links to Covid-19.  

• While the majority of the published evidence relates to the long-term impacts of fine 

particulate matter (PM2.5), evidence is also strengthening for the health impacts of 

nitrogen dioxide (NO2) and ozone (O3), mainly around pulmonary and cardiovascular 

effects and the link to premature mortality. 

Key findings from evaluating the current assessment and communication of air 

pollution: 

• At present, air pollution policy is mainly driven by exceedances of the NO2 annual 

average Limit Value, although the greater health impact of PM2.5 is acknowledged. This 

is because at present the legal limits for PM2.5 are higher than the World Health 

Organization’s (WHO) health-based guideline limit and are met in most places in the 

UK. Adopting the WHO guideline limit as a legally binding target for PM2.5 would 

increase the focus on this pollutant, increasing focused policy action and therefore 

reducing its health impact. However, as the WHO recognises, the health evidence 

shows that there is no safe level of PM2.5, so any concentration-based target for PM2.5 

does not fully reflect the health evidence.  

• Exposure to air pollution over a period of years is thought to be the strongest driver of 

health impacts. However, current legislation and policy do not deal with exposure 

effectively. Exceedances of targets, such as Limit Values or Objectives, provide the 

clearest means of communication but do not reflect the evidence that there is no “safe” 

level for air pollutants such as PM2.5 and probably NO2.  
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• When communicating about air pollution as part of a green recovery, lessons could be 

learned from other sectors, including the climate change sector, where the net-zero 

approach provides a powerful communications tool by focusing wholly on emissions. 

As part of the urgent work needed to recover from COVID-19, the concept of a zero 

pollution city should be explored, which as well as driving further reductions in air 

pollution could also include bringing carbon and air pollution emissions under a single 

conceptual framework. This would provide a valuable communications tool when 

making the case for a green recovery. 

• During the COVID-19 pandemic the NHS engaged in an active process of 

communicating with defined vulnerable groups in relation to existing medical conditions 

(respiratory illness, cardiovascular conditions, immune issues etc).  Many of these 

groups overlap considerably with those most vulnerable to air pollution. The GLA is 

currently undertaking a review evaluating how to further improve London’s air quality 

alerts system, including by adopting the same approach as used by the NHS for COVID-

19 messaging, ensuring vital information reaches the most vulnerable and at-risk 

Londoners. 

Key findings for how guidance and planning policy are can be used to reduce air 

pollution exposure are: 

• Planning policy should continue to be used to reduce exposure of vulnerable groups. 

Actions which could be brought even more strongly into air pollution planning policy 

include: 

o Minimise the pollution burden of new developments  

o Consideration of air quality early in the design phase of the development, 

especially to reduce exposure to air pollution 

o Increasing access to green space 

o Facilitating active lifestyles 

o Extend the Air Quality Audits approach (successfully used in schools and 

nurseries) to other vulnerable groups such as care homes 

• In terms of vulnerability, age profile is, to some extent, taken into account in current 

planning policy. This could be strengthened, as could the consideration of health status 

and deprivation level. 

• The air quality positive approach proposed for larger developments in the new London 

Plan offers a way to move towards air quality assessments based on health impacts 

and exposure reduction rather than simply on air quality target compliance. However, 
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the way in which such an approach maintains transparency and consistency in decision 

making will require careful consideration. 
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2 What is the purpose of this report? 

2.1 This report provides an overview of the current best evidence on the health effects of air pollution, 

metrics for exposure and treatment of vulnerable groups and makes policy recommendations based 

on these.  

2.2 Poor air quality remains the biggest environmental risks to human health in the UK. While great 

progress has been made in improving air quality, with some pollutants reduced to barely measurable 

levels, there remain significant challenges and, with them, significant health impacts for the UK 

population. In terms of the quantified health impacts of individual pollutants, fine particulate matter 

(PM2.5) outweighs all other pollutants, although nitrogen dioxide (NO2), tropospheric ozone (O3), 

complex organic chemicals such as polycyclic aromatic hydrocarbons (PAH) and a number of other 

pollutants, all add to the burden of disease to a greater or lesser extent. 

2.3 Understanding the issues related to fine particulate matter, in particular, remains a challenge.  It is a 

complex pollutant, comprising different chemical species and different particle sizes; in addition, 

there are both primary and secondary particles, with substantial contributions from regional and 

transboundary sources. There has also been recent attention focused on ultra-fine particles (UFPs), 

commonly defined as particles less than 100nm in diameter. UFPs have been linked to both health 

effects through inhalation and direct neurological effects to the brain.  

2.4 This report provides: 

• A non-technical “review of reviews” for the current evidence in relation to the health effects of 

air pollution on human health 

• A review of issues and evidence in relation to vulnerability and susceptibility with regards to 

the health effects of air pollution 

• An assessment of metrics for exposure and their relationship with the UK Daily Air Quality 

Index, and London’s air quality alerts system and recommendations for communicating air 

pollution the context of a green recovery by adopting a “zero pollution” approach 

• An assessment of the way in which vulnerable groups are accounted for under current air 

quality and planning policy in London and potential areas for improvement. 

2.5 The project has been undertaken as a desk review exercise, focussing on published literature and, 

in particular, a review of meta-analyses; as such a review of academic papers covering individual 

studies has not been undertaken. The project also draws on contacts with key individuals in the air 

quality and health community. 
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3 Health effects evidence 

Which air pollutants are we concerned with? 

3.1 Air pollution is a broad term that refers to both gasses and solid particles in the air which have either 

a human or environmental health impact. The main gaseous pollutants with a direct impact on human 

health are NO2 and ozone (O3), while particulate matter (PM) is described using a number of metrics. 

3.2 NO2 is both a primary and a secondary pollutant. In other words, it is both emitted directly from 

polluting sources and is also formed from chemical reactions of pollutants in the atmosphere. The 

nitrogen emissions from combustion sources are mostly as nitric oxide (NO) together with some 

NO2, collectively termed nitrogen oxides (NOx). Once mixed in the atmosphere, NO reacts with 

ozone to form NO2, although sunlight can transform NO2 back to NO and ozone. Away from the 

emission source, a steady state is reached with, on average, around 70% of the NOx present as 

NO2. The main sources of NOx in urban areas are road traffic, heating and non-road mobile 

machinery (NRMM, e.g. construction machinery). 

3.3 Ozone is almost exclusively a secondary pollutant1 and is formed by chemical reactions between 

other pollutants, most notably NO, NO2 and non-methane volatile organic compounds (NMVOC). As 

the production of ozone in the lower atmosphere is strongly influenced by sunlight, higher 

concentrations of ozone occur in the summer months. These chemical reactions take place over a 

matter of hours, so the precursors will have moved downwind of their sources by the time the 

reactions occur. This means that ozone episodes are regional, rather than local, in nature. The 

reversable nature of the key ozone forming reactions means that, close to the sources of the main 

precursors (mainly NO) such as busy roads or urban centres, levels of ozone are reduced. 

3.4 Other gaseous pollutants include sulphur dioxide (SO2), carbon monoxide (CO), ammonia (NH3), 

and polycyclic aromatic hydrocarbons (PAH). Sulphur dioxide and carbon monoxide were key 

pollutants in the past but controls on their sources, such as the fitting of catalytic converters to petrol 

cars in the 1990s, the removal of sulphur from road fuels and the move away from coal to gas in 

energy plant, mean they are generally no longer a problem in urban areas in the UK2. PAH are 

associated with solid fuel use, particularly coal burning, and so is only a problem in a few areas of 

the UK. NH3 is mainly produced by agriculture and does not have a direct effect on human health, 

although it is a key precursor for particulate matter (see below) and can contribute to regional high 

PM episodes hundreds of miles from their source. Other dangerous air pollutants, such as dioxins, 

tend to be linked to specific sources and are heavily regulated, which means they are generally not 

an issue in urban areas in the UK. 

 
1 Global tropospheric background levels of ozone are also influenced by occasional incursions of ozone from the 

stratosphere (i.e. the ozone layer) 
2 There are still safety concerns relating to CO in indoor environments 
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3.5 Particulate matter is the most important air pollutant in terms of human health effects and is different 

from the gaseous pollutants in that it is not a clearly defined chemical compound. It can be defined 

in a number of ways, by size, composition, origin or other metrics. PM10 and PM2.5 are the most 

commonly used units. They are measured as the mass of particles in a cubic metre below the stated 

diameter size, 10 micrometres in the case of PM10 and 2.5 micrometres for PM2.5. In terms of health 

effects, the larger fractions3 of PM10 are thought to be able to penetrate into the upper airways, while 

PM2.5 can penetrate deeper into the lungs. Both contain much smaller particles which, although they 

have very little mass, are far more numerous and can penetrate all areas of the lungs and even pass 

into the bloodstream. These ultrafine particles (UFP) are less than 100 nanometres in diameter (0.1 

micrometres) and are also known as PM0.1 and nanoparticles (although this latter term tends to be 

applied to engineered particles). UFP tend to be measured in terms of number (as particles per cubic 

centimetre), rather than mass. 

3.6 Particulate matter is a mixture of both primary and secondary components. Sources of primary 

particles include combustion processes, such as diesel engines and woodburning, but can also 

include mechanically derived particles such as tyre, brake and road wear, windblown dusts 

(including, for example, dust from the Sahara) and sea salt. Mechanically derived particles tend to 

be larger in size (PM10) whereas combustion derived particles are smaller (PM2.5 and UFP). 

Secondary particles can comprise a very wide range of components but, in terms of contributions to 

total measured levels of PM10 and PM2.5, ammonium nitrate and ammonium sulphate are the key 

components. These are formed by reactions between ammonia and nitrogen dioxide and sulphur 

dioxide respectively. Fine particles and, in particular, secondary particles can travel long distances 

and are known as transboundary pollutants. This means that the particles measured in London, often 

originate in European countries. 

3.7 PM10, PM2.5 and UFP can also be classified in terms of their components. Particulate lead was an 

important urban pollutant until the removal of lead from petrol. Many researchers have suggested 

that black carbon is one of the primary components in terms of health effects and it correlates well 

with primary particles from combustion sources. Organic carbon is another component which is of 

increasing interest to health researchers, and it includes unburnt fuel from vehicle exhausts and 

cooking aerosols. A key goal of health research has been to identify which particles are responsible 

for their health impacts. However, while some components, characteristics and metrics appear more 

important than others, it has not been possible to be certain. At present all particles are treated as 

equal in terms of their impact on human health and thus all particles need to be controlled. 

How do pollutants affect the body? 

3.8 The impact of air pollution on health varies, depending on the pollutants present, the time of exposure 

and the existing health of the person. In general, all air pollutants affect the airways in some way 

 
3 PM10 also includes PM2.5 and UFP as subsets. “larger fractions” refers to particles between 2.5 and 10 micrometers. 



 
 
Air Quality and Health: Reviewing evidence and planning policy in London        

   
 

 J3231_L 9 of 48 September 2020
  

and while some can also affect the sensitive membranes around the eyes and nose, others can 

penetrate deep into the lungs and even enter the bloodstream. Emerging evidence on ultrafine 

particles show that they can enter the brain directly though the olfactory bulb (the top of the nasal 

passages)4 which means that they do not need to penetrate deep into the lungs first. 

3.9 Some of the effects occur over a short period, from minutes to days – these are known as acute 

effects – whereas others result from long term exposure, known as chronic effects. Air pollution is 

thought to have a causal effect for some conditions, meaning air pollution causes a condition that 

was not previously there. For other conditions, air pollution can exacerbate an existing condition, 

such as inducing wheeze or triggering an asthma attack. 

3.10 The precise mechanism of effect varies between air pollutants and for some, such as particulate 

matter, is still not fully understood. In general, gaseous pollutants such as sulphur dioxide or ozone, 

and larger fractions particulate matter, trigger reactions such as constriction of, or fluid production 

in, the airways, as a result of an immune system response. This manifests as shortness of breath or 

coughing and may further trigger an asthmatic response. For those with existing respiratory or 

cardiovascular conditions, this will place additional strain on the body and increase the risk of a 

coronary event. Where fine particulate matter enters the bloodstream, it is thought to play a role in 

inflammatory responses elsewhere in the body as well as, potentially, other effects such as the 

destabilisation of existing arterial plaques. These mechanisms are still being explored, as are the 

means by which air pollution causes conditions (e.g. ischaemic heart disease) rather than 

exacerbates existing conditions. 

What are the principal health conditions relating to air pollution? 

3.11 There is now a large body of evidence linking air pollution with negative health outcomes. Most of 

the evidence comes from single pollutant models, i.e. the effect is calculated based on exposure to 

just one pollutant. However, such models do not take the potential confounding effect by other 

pollutants into account, caused by a mixture of pollutants in ambient air. Single pollutant models tend 

to attribute all of the health effect recorded to the pollutant being studied but, in reality, some of the 

effect may be due to exposure to another pollutant or even another environmental factor such as 

noise pollution. That issue is being mitigated by increasingly using two- or even multi-pollutant 

models. Even then, associations between exposure to one pollutant and a health endpoint can be 

difficult to distinguish from those of other pollutants if the pollutants studied are highly correlated, 

e.g. nitrogen dioxide and PM2.5 in urban areas. Current advice when calculating mortality from single 

pollutant models for changes in NO2 and PM2.5 concentrations is that the numbers should not be 

added together; the highest value should be used but recognising that it reflects the outcome of 

exposure to both pollutants (and will, to some extent, underestimate the outcome from two pollutant 

models). This raises the challenge as to which pollutant, i.e. nitrogen dioxide or PM2.5, it is most 

 
4 Morawska, Lidia, et al. (2019). Ambient ultrafine particles: evidence for policy makers. A report prepared by the 

‘Thinking outside the box’ team.  
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important to reduce. The sources of both pollutants in urban air can be very different and reduction 

strategies will thus also need to be different.   

3.12 Particulate matter, ozone and nitrogen dioxide are considered the key pollutants affecting public 

health. Both long-term and short-term exposure to these pollutants have been associated with 

adverse health impacts. A large amount of evidence has been gathered for PM2.5 in particular. There 

is strong evidence that exposure to PM2.5 results in increased hospital admissions and premature 

mortality due to cardiovascular and pulmonary diseases. These include ischaemic heart disease, 

stroke, chronic obstructive pulmonary disease (COPD), bronchitis and pneumonia in children, 

chronic bronchitis in adults, as well as lung cancer. Exposure to PM2.5 and PM10 may also aggravate 

existing health conditions such as asthma.  

3.13 In terms of non-cardio-pulmonary conditions, associations have been found between exposure to 

PM2.5 and diabetes. Studies have also demonstrated that exposure to PM2.5 is associated with pre-

term birth and low birth weight, and in children leads to decreased development of lungs and lung 

function.  

3.14 Short-term exposure to ozone has been linked with increased mortality and hospital admissions due 

to respiratory (asthma, lower respiratory infection and COPD) and cardiovascular diseases, as well 

as reduced lung function. Until recently there had been insufficient evidence of long-term ozone 

exposure and mortality risk. However, two recent cohort studies in the US have linked long-term 

ozone exposure with cardiovascular and respiratory mortality, ischaemic heart disease and COPD. 

3.15 Increases in daily mortality and hospital admissions for cardiovascular diseases, and hospital 

admissions due to asthma, have been associated with short-term exposure to nitrogen dioxide. A 

study in London calculated there were over 4,000 hospital admissions per year from 2014 to 2016 

due to asthma (and COPD in the elderly age group) across all age groups. Associations have been 

found between long-term exposure to nitrogen dioxide and all-cause, cardiovascular, respiratory 

mortality, lung cancer and pneumonia. However, some debate remains as to the strength of the 

causal associations5. Decrease in lung function in both children and adults and respiratory infections 

in early childhood due to long-term exposure to nitrogen dioxide have also been reported. 

What is the emerging evidence on air pollution and health? 

3.16 Research into the impact of air pollution on public health is ongoing. New studies are being published 

which often strengthens existing evidence or report new associations between air pollution and 

health outcomes. There is strengthening evidence which links PM2.5 with increased risk of 

neurological diseases such as dementia, Parkinson’s disease, Autism Spectrum Disorder and 

depression. For example, a recent study has linked PM2.5 and NO2 with dementia in London, 

 
5 

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/734799/COMEA
P_NO2_Report.pdf 

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/734799/COMEAP_NO2_Report.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/734799/COMEAP_NO2_Report.pdf
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although it should be noted that NO2 and UFP are very highly correlated and evidence showing the 

presence of UFP in brain tissue has shown a possible mechanism for the links between particulate 

matter and neurological conditions. 

3.17 The current work programme for UK Government’s Committee on the Medical Effects of Air Pollution 

(COMEAP), published on its website, provides a useful indication of the direction for the development 

of the air pollution health effects evidence base. Topics included in the work programme are: 

• Cardiovascular morbidity (i.e. illness rather than death) 

• Early life effects 

• Childhood asthma 

• Cognitive decline and dementia 

• Diabetes and metabolic syndrome 

• Lung cancer morbidity and mortality. 

3.18 A key issue for health effects research is that, in common with all other public health risks, air 

pollution does not act in isolation. People in the real world are exposed to multiple risks and 

influences both in terms of environmental exposures and their lifestyles. For this reason, the impacts 

of air pollution are rarely clear cut, but the development of sophisticated models and analytical 

techniques is enabling researchers to tease apart these confounding effects. 

3.19 More recently, the SARS-CoV-2/Covid-19 pandemic has demonstrated the cross linkages between 

disease and environmental pressures. New studies that have investigated the association of air 

pollution with Covid-19 related mortality have reported a higher mortality rate in areas with higher air 

pollution. For example, a Harvard University study calculated a significant6 increase in Covid-19 

death rate per 1 µg/m3 increase in long-term exposure to PM2.5 in the USA, and a study from the 

Netherlands has correlated the incidence of Covid-19 cases with PM2.5 concentrations7. A study led 

by the Medical Research Council’s Toxicology Unit at the University of Cambridge found a correlation 

between Covid-19 lethality and levels of NO2 and ozone in England8. Considerable caution is needed 

in relation to such early findings, at least until they have been fully peer reviewed and the pandemic 

has progressed further. For example, when this research was undertaken, London was the primary 

centre for Covid-19 cases, whereas, at the time of writing, much higher rates of infection are being 

 
6 The paper quotes 15% but this is an initial finding and there are some questions around the methodology employed 

and potential confounding effects. 
7 Andree, Bo Pieter Johannes. 2020. Incidence of COVID-19 and Connections with Air Pollution Exposure : Evidence 

from the Netherlands (English). Policy Research working paper; no. WPS 9221; COVID-19 (Coronavirus). 
Washington, D.C. : World Bank Group. 
http://documents.worldbank.org/curated/en/462481587756439003/Incidence-of-COVID-19-and-Connections-with-
Air-Pollution-Exposure-Evidence-from-the-Netherlands 

8 Travaglio et al (2020); MRC Toxicology Unit; Links between air pollution and COVID-19 in England; 
https://www.medrxiv.org/content/10.1101/2020.04.16.20067405v1.full.pdf 

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/797283/COMEAP_work_program.pdf
https://www.medrxiv.org/content/10.1101/2020.04.16.20067405v1.full.pdf
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experienced in northern England, where PM2.5, NO2 and ozone concentrations tend to be lower. 

However, it is highly likely a condition such as Covid-19, which causes pneumonia and increases 

the strain on the cardiovascular system, could be exacerbated by a pollutant which itself has strong 

associations with cardiovascular and pulmonary disease. 

3.20 On 7 April, the UK Government’s Department for Environment, Food and Rural Affairs (Defra) Air 

Quality Expert Group issued a call for evidence on the potential changes in air pollution 

concentrations and exposure as a result of the Covid-19 outbreak and the measures taken to control 

it. While the emphasis will be on the air pollution side of the equation, data gathered will be vital in 

helping to address the associations between air pollution levels and the morbidity and mortality 

resulting from Covid-19. 

3.21 The information from the previous sections is summarised in Table 1, below.  
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Table 1. Summary of pollutant and health information 

Pollutant Main primary sources Main 

precursors 

Priority Key health 

impacts 

Emerging 

health 

impacts 

PM2.5 Solid fuel burning, 

road vehicles (exhaust, 

tyre and brakes), 

construction 

machinery and dusts, 

commercial cooking 

NO2, NH3, 

SO2, 

NMVOC 

Very high Respiratory 

(including 

asthma), heart 

disease, stroke, 

lung cancer, low 

birth weight 

Cognitive 

decline and 

dementia, 

Parkinson’s 

disease, 

mental health 

PM10 Solid fuel burning, 

road vehicles (exhaust, 

tyre and brakes), 

construction 

machinery and dusts 

NO2, NH3, 

SO2, 

NMVOC 

High Respiratory 

(including 

asthma), heart 

disease, stroke 

NO2 Road vehicle 

(exhaust), commercial 

and domestic heating 

NO High Respiratory 

(including 

asthma) 

 

Ozone None: ozone almost 

wholly a secondary 

pollutant (see 3.3) 

NO, NO2, 

NMVOC 

High Respiratory 

(including 

asthma) 

 

NH3 Agriculture - High13 None9  

NMVOC Solvent use, petrol - Medium10 None12  

PAH Solid fuel combustion - Medium Cancer  

SO2 Coal and oil 

combustion 

- Low Respiratory  

CO Combustion - Low Respiratory  

 

  

 
9 At concentrations normally found in London 
10 Focus for national control programmes in relation to national emission targets 
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What are “vulnerable groups” in relation to air quality? 

3.22 The terms vulnerable and susceptible are used to describe sections of the population more likely to 

suffer adverse health outcomes as a result of exposure to air pollution. Some attempts have been 

made to define them in terms of hazard and risk: 

• Vulnerability indicates a section of the population exposed to poor air quality and indicates the 

presence of air pollution as a hazard 

• Susceptibility indicates a section of the population who are more likely to suffer adverse 

outcomes as a result of exposure to air pollution, i.e. they are at higher risk of suffering an 

adverse health outcome. 

3.23 However, they are often used interchangeably and there is no universally accepted definition. Thus 

both terms are used in this report when referring to either the level of air pollution exposure to which 

the population (or part of it) is subjected, or the likelihood of a particular group or groups of people 

to suffer adverse health effects as a result of that exposure. 

3.24 It is generally accepted that air pollution can be harmful to anyone.  However, some people are more 

likely to suffer than others because they: 

• live in deprived areas, which often have higher levels of air pollution 

• live, learn or work near busy roads, and/or 

• are more susceptible because of their age or existing medical conditions. 

3.25 Put simply, some people suffer more because they live in areas where they are exposed to higher 

air pollution concentrations. These vulnerabilities are heightened among those living in the most 

deprived communities, or because they are more susceptible to the effects of air pollution exposure 

through age, or existing medical conditions. Heightened susceptibility of those in deprived 

communities is due to poor housing and indoor air quality, the stress of living on a low income, and 

limited access to healthy food and/or green spaces. These different vulnerabilities will lead to health 

inequality. 

3.26 There is a correlation between deprivation and air pollution. Research in many cities in Europe and 

elsewhere have demonstrated that those in more deprived communities tend to suffer both from 

poorer health and are exposed to higher levels of air pollution11. This work includes multiple studies 

undertaken in London, including for the GLA12. Analysis for the European Environment Agency 

 
11 Brunt H., Barnes J., Jones S.J., Longhurst J.W.S., Scally G., Hayes E. (2016) Air pollution, deprivation and health: 

understanding relationships to add value to local air quality management policy and practice in Wales, UK.  Vol. 39, 
No. 3, pp. 485–497 

12 King K., Brook R., Williamson, T. (2017) Updated Analysis of Air Pollution Exposure in London, 
https://www.london.gov.uk/sites/default/files/aether_updated_london_air_pollution_exposure_final_20-2-17.pdf 

https://www.london.gov.uk/sites/default/files/aether_updated_london_air_pollution_exposure_final_20-2-17.pdf
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showed similar patterns, although it also showed that urban and rural deprivation across Europe can 

confound the picture13. 

3.27 The issue of vulnerability and susceptibility is complicated by the pollutant concerned and the length 

of exposure. Pollutants like nitrogen dioxide are closely correlated with combustion sources, and in 

particular road traffic. Concentrations thus tend to be highest close to roads and drop off to a 

background level relatively quickly. This accentuates vulnerability by creating pollution hotspots, for 

example close to busy roads and in urban centres. People living in such hotspots tend to be from 

more deprived communities, although caution is needed in relation to the scale at which such 

analysis is undertaken14. 

3.28 The picture for PM2.5 is more complex. While road traffic and other urban combustion (such as 

heating and NRMM) are still significant sources, regional and transboundary background tends to 

make up a larger part of the measured concentrations, certainly over the longer-term. This means 

that concentrations tend not to vary as much within urban areas, effectively placing most of the 

population in the vulnerable group. 

3.29 There is also a difference between long-term and short-term exposure in relation to susceptibility. 

Short-term peaks in air pollution concentrations (such as PM2.5) can trigger symptoms in those with 

existing health conditions, such as coronary episodes in those with heart disease. Such people are 

more likely to be in the elderly community although by no means exclusively. The same short-term 

peaks are unlikely to trigger symptoms in people who are otherwise healthy, but longer-term 

exposure to elevated levels of air pollution is more likely to result in the development of 

cardiovascular conditions. Thus, in the short term, the susceptible group includes those with pre-

existing conditions, whereas over the long term, everyone is potentially susceptible. 

What is the health evidence around “vulnerable groups” in relation to air 

quality? 

3.30 Health risks and impacts of air pollution exposure are influenced by a number of complex and 

interrelated factors that determine an individual’s or population’s susceptibility. Such influencing 

factors may be ‘intrinsic’ (e.g. age, some existing medical conditions) and/or ‘acquired’ (e.g. income, 

education, housing, employment, service access, lifestyle or behaviour-related chronic illnesses).  

Table 2 summarises these factors.  

 
13 Kaźmierczak A et al (2018), Unequal exposure and unequal impacts: social vulnerability to air pollution, noise and 

extreme temperatures in Europe, EEA:  https://www.eea.europa.eu/publications/unequal-exposure-and-unequal-
impacts 

14 Taken as a whole, London is more prosperous, and thus less deprived, than other parts of the country which have 
lower concentrations of NO2. But, within London, higher concentrations correlate with more deprived communities. 

https://www.eea.europa.eu/publications/unequal-exposure-and-unequal-impacts
https://www.eea.europa.eu/publications/unequal-exposure-and-unequal-impacts
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Table 2 Determinants of susceptibilities in relation to air pollution (adapted from Table 2 in 
Brunt, PhD Thesis15) 

Determinant Description 

Deprivation 

The risk from air pollution exposure may be influenced by deprivation factors, 
especially low income. People who have lower incomes tend to have poorer 
health (as a result of pre-existing and long-term limiting illnesses). This 
generally higher prevalence of poor health outcomes results from people living 
in low socioeconomic status neighbourhoods being less likely to engage in 
health-enhancing behaviour.  In these areas, environmental quality may also 
be poor16. It is plausible that these stressors compromise the body’s defensive 
response to air pollution exposure.  

Age and 
Pregnancy 

Pregnancy and early childhood are times in which rapid changes take place in 
relation to the formation and maturation of all the important body systems. 
This means that factors, such as air pollution, can have a far greater influence 
on body systems during this period than at other times.  Likewise, as people 
age, their bodies are less able to compensate for the effects of air pollution, 
and they are also more likely to have existing medical conditions. 

Existing 
medical 
Conditions 

Both short- and long-term exposure to air pollution can increase the risk of 
myocardial infarction (heart attacks), heart failure, arrhythmias (abnormal 
rhythms of the heart) and stroke in susceptible individuals such as those with 
pre-existing medical conditions including cardiovascular disease, high blood 
pressure and diabetes. 

3.31 Pregnancy and early childhood are critical times for the formation and maturation of all the important 

body systems; there is no other time in life during which such rapid changes take place. This means 

that factors which exert an adverse influence on human development, including air pollution, can 

have a far greater influence during this period than at other times. The rate of change magnifies their 

effects, and important organ systems, once their physical development is harmed, may not have the 

capacity to recover17. Even after birth, there is considerable development and maturation of organs 

that makes them vulnerable to the harmful effects of pollution. Infants also have a relatively high 

metabolic rate, so they breathe a greater volume of air per minute than an adult relative to their size.  

3.32 As people age, their bodies are less able to compensate for the effects of air pollution. They are also 

more likely to have further-advanced pre-existing respiratory and cardiovascular conditions. Thus, 

elderly people have a higher risk of dying after short-term exposure to particulate air pollution and 

ozone18. There is emerging evidence that air pollution accelerates the decline in lung function during 

ageing and that air pollution adversely affects the ageing brain. 

 
15 Brunt H (2018) Enhancing Local Air Quality Management in Wales to Maximise Public Health Awareness, 

integration, collaboration and Impact.  Available at: https://core.ac.uk/download/pdf/161338712.pdf 
16 Royal College of Physicians (2016) Every breath we take: the lifelong impact of air pollution.  Available at: 

https://www.rcplondon.ac.uk/projects/outputs/every-breath-we-take-lifelong-impact-air-pollution 
17 Royal College of Physicians (2016) Every breath we take: the lifelong impact of air pollution.  Available at: 

https://www.rcplondon.ac.uk/projects/outputs/every-breath-we-take-lifelong-impact-air-pollution 
18  https://www.ehn.org/how-does-air-pollution-affect-elderly-2519387578.html 

https://core.ac.uk/download/pdf/161338712.pdf
https://www.rcplondon.ac.uk/projects/outputs/every-breath-we-take-lifelong-impact-air-pollution
https://www.rcplondon.ac.uk/projects/outputs/every-breath-we-take-lifelong-impact-air-pollution
https://www.ehn.org/how-does-air-pollution-affect-elderly-2519387578.html
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3.33 In relation to members of the population with existing health conditions, there is clear evidence that 

those with pre-existing cardiovascular and respiratory diseases are particularly at risk. 

Epidemiological studies have shown significant associations between air pollution and a range of 

cardiovascular effects in adults. Both short- and long-term exposure to air pollution can increase the 

risk of myocardial infarction (heart attacks), heart failure, arrhythmias (abnormal rhythms of the heart) 

and stroke in susceptible individuals, such as older people or those with pre-existing medical 

conditions including cardiovascular disease, high blood pressure and diabetes. 

3.34 It is also important to recognise the significant role that social and economic factors play in 

determining an individual’s or community’s exposure to, and health risks and impacts from, air 

pollution. The evidence for a socio-economic gradient in health is well-established. Work undertaken 

by Brunt using Wales as a case study19 corroborated findings that deprivation–health associations 

are stronger than air pollution–health associations. However, air pollution is a known environmental 

health determinant that adds to already strong deprivation–health associations. A relatively small 

number of studies have extended the research boundaries beyond air pollution and deprivation to 

also consider health impacts. These have generally found that area-level air pollution status is 

associated with significant increases in all-cause non-accidental, cardiovascular and respiratory 

disease mortality risk, in high-deprivation compared with less-deprived areas. Weak relationships of 

air pollution and deprivation with morbidity (respiratory hospital admissions) have also been 

reported. 

3.35 There are also links between the Black, Asian and minority ethnic (BAME) community and exposure 

to air pollution. A study undertaken by Aether for GLA, published in 201920, showed that BAME 

communities are more likely to be exposed to higher levels of air pollution, and are also more likely 

to benefit from measures to reduce air pollution emissions. There is already a well-established 

correlation between communities with a higher proportion of BAME residents and levels of 

deprivation. However, the higher probability of exposure to poor air quality is particularly important 

in the light of early findings that deaths from Covid-19 are also higher for BAME individuals. 

 
19 Brunt H. and Jones S.J. (2019) A pragmatic public health-driven approach to enhance local air quality management 

risk assessment in Wales, UK. Environmental Science and Policy 96 (2019) 18–26 
20 Aether (2019) Air Pollution Exposure in London: Impact of the Environment Strategy; 

https://www.london.gov.uk/what-we-do/environment/environment-publications/air-pollution-london-impact-
environment-strategy 

https://www.london.gov.uk/what-we-do/environment/environment-publications/air-pollution-london-impact-environment-strategy
https://www.london.gov.uk/what-we-do/environment/environment-publications/air-pollution-london-impact-environment-strategy
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4 Indicators and exposure 

How is exposure measured and are there better ways? 

4.1 There is a strong evidence base to show that, as people are exposed to higher levels of air pollution, 

their risk of developing adverse health outcomes increases. In general, this evidence has come from 

two sources: toxicology and epidemiology. Toxicology studies aim to identify, among other things, a 

no-effect level, which in the case of air pollution means a concentration point at which none of the 

subjects exhibit any adverse effects. Such studies tend to be short term in nature. Earlier iterations 

of the air quality objectives were based on such evidence, and applied safety factors to derive 

atmospheric concentrations for the pollutants which were thought to be low enough to “protect” even 

susceptible individuals. 

4.2 Population studies, or epidemiology, use larger groups of people (sometimes very large) and attempt 

to associate evidence of adverse health effects with measured concentrations of air pollution in the 

real world, controlling for confounding effects such as age, diet and smoking. Such studies have 

shown that the health impacts of longer-term exposure to air pollution can be many times higher 

than those predicted through toxicology studies. They also tend not to identify a no-effect level, 

indicating there is no safe level of pollution. More recent air pollution targets, such as the WHO Air 

Quality Guidelines21, have taken such evidence into account, even though the epidemiological 

studies tend not to show a “no-effect” threshold. 

4.3 However, such studies have two key uncertainties: 

• they address the impact of air pollution on populations, not individuals, when we know that 

different people respond to air pollution in very different ways, and 

• they describe exposure in terms of single air pollutant concentrations for those populations, 

usually based on monitoring data from fixed locations. 

4.4 In reality, people are exposed to highly variable concentrations of pollutants, as they move around 

different locations and, in particular, between indoor and outdoor environments. Fixed monitoring is 

used partly because of the impracticality of monitoring the personal exposure of each individual in a 

population, potentially over a period of many years, and partly because the data are available 

through publicly funded monitoring programmes. However, this creates a circularity: health effects 

are associated with particular monitored concentrations, the evidence of which is used to develop 

legislative targets, compliance with which is assessed by monitoring, which in turn generates more 

useable data for health effects studies. 

 
21 https://www.who.int/airpollution/publications/aqg2005/en/ 

https://www.who.int/airpollution/publications/aqg2005/en/
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4.5 Thus, the averaging times used in exposure metrics, such as annual, 24-hour or hourly averages, 

are partly based on health effects evidence and partly on available monitoring data. Nevertheless, 

they split into two types: short term (15-minute, hourly, 8-hour or 24-hour) and long term (annual)22. 

4.6 Generally, population exposure is described in one of two ways: the population living in an area 

where the concentrations are above a threshold, such as the legal targets or WHO guideline limits, 

and population weighted mean. Weighted means are statistical tools which allow for important 

characteristics, in this case the number of people living in a given area, to carry more weight in the 

final average level. Population weighted mean air pollution levels are a useful way to assess the 

impact of pollution on a population but are not easy to understand and do not provide a useful 

communication tool. 

4.7 On the other hand, the population living in an area above a threshold is relatively easy to understand 

and so provides a useful communication tool, though this more simplistic approach hides a number 

of complexities23. It also tends to give the impression that health effects will be suffered by those in 

areas above the threshold and not by those in other areas, whereas the evidence suggests that, for 

pollutants such as PM2.5, and probably nitrogen dioxide, there is no “safe” level. 

4.8 Thus, both “population weighted mean exposure” and “population above a threshold” metrics are 

useful, but in different ways. Given that the health evidence is based on monitored levels of air 

pollution, monitoring data and its associated averaging times must form part of the exposure metric 

used. 

4.9 A third type of air quality metric, an indexed level, has been used to describe air quality but has 

tended to be used solely in air pollution forecasting and thus focusses on short-term events. One 

such index is the UK’s Daily Air Quality Index. 

What is the UK Daily Air Quality Index (DAQI) and how does it work? 

4.10 The DAQI is an information service provided by Defra24. It uses four “bands” (low, moderate, high, 

very high) to describe air pollution, alongside a numerical scale (1-10). Levels of air pollution, based 

on the band and the number, e.g. moderate (4), are provided for each area of the country, based on 

both real-time air quality monitoring data and forecast data (using computer modelling). Each 

pollutant covered by the index – PM10, PM2.5, NO2, ozone and SO2 – has defined break points 

between the bandings and numbers, based on the concentration averaged across a defined period 

(see Table 3, below). The overall designation is based on the highest pollutant, for example, if the 

 
22  In order to remove the effect of individual years, annual averages are sometimes further averaged over a 3 or 5 

year period). 

23  Such as the size of area a single pollution concentration represents, whether the highest concentrations are 
included, whether the transient population (e.g. commuters) are taken into account, and so on. 

24  The Defra funded UK Air website: https://uk-air.defra.gov.uk/air-pollution/daqi  

https://uk-air.defra.gov.uk/air-pollution/daqi


 
 
Air Quality and Health: Reviewing evidence and planning policy in London        

   
 

 J3231_L 20 of 48 September 2020
  

air pollution in an area is Low for PM10, PM2.5, NO2 and SO2 but High for ozone, the designation is 

High. 

Table 3: Daily Air Quality Index pollutants and bandings 

Band Index Ozone NO2 SO2 PM2.5 PM10 

Running 8-
hour mean 
(µg/m3) 

1-hour mean 
(µg/m3) 

15-minute 
mean 
(µg/m3) 

24-hour 
mean 
(µg/m3) 

24-hour 
mean 
(µg/m3) 

Low 1 0-33 0-67 0-88 0-11 0-16 

2 34-66 68-134 89-177 12-23 17-33 

3 67-100 135-200 178-266 24-35 34-50 

Moderate 4 101-120 201-267 267-354 36-41 51-58 

5 121-140 268-334 355-443 42-47 59-66 

6 141-160 335-400 444-532 48-53 67-75 

High 7 161-187 401-467 533-710 54-58 76-83 

8 188-213 468-534 711-887 59-64 84-91 

9 214-240 535-600 888-1064 65-70 92-100 

Very high 10 241 or more 601 or more 1065 or 
more 

71 or more 101 or more 

4.11 The DAQI was reviewed by the COMEAP in 201125 and the current system is still based on that 

review. In addition to the bandings, COMEAP recommended a set of advisory messages to go 

alongside the bandings. Two sets of messages were defined, one for the general public and one for 

“at risk individuals”, the latter being defined as “adults and children with heart or lung problems”. The 

review was based on the latest health evidence available at the time, the systems in use in other 

countries at the time, an analysis of air pollution in the UK and a study into public needs and 

expectations in terms of air pollution information. This latter work was influential in the decision to 

use a numerical index alongside the descriptors (to provide a greater degree of variation between 

days) and to provide information for both the public and at-risk individuals. 

4.12 It should be noted that the DAQI is based on short term variations in air pollution, with averaging 

times of no more than a day, and the health evidence used to support it focussed on the short-term 

effects of air pollution. Evidence suggests that, for some (and possibly all) pollutants, the impacts of 

long term or lifetime exposure are greater than the sum of the impacts of short-term exposure. 

However, the DAQI cannot, and is not, intended to address those long-term effects and so “low” air 

pollution ratings could be misleading over the longer term. 

 
25 https://www.gov.uk/government/publications/comeap-review-of-the-uk-air-quality-index 

https://www.gov.uk/government/publications/comeap-review-of-the-uk-air-quality-index
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Does the UK DAQI still reflect health effects evidence? 

4.13 The DAQI was last formally reviewed in 2011. As noted elsewhere, a significant body of research 

information has been published since 2011, over and above that available to the review, which has 

strengthened evidence on the health effects of air pollution and identified additional conditions 

impacted. However, the majority of this research relates to long-term exposure to air pollution, driven 

by the weight of evidence showing that long-term effects are far more severe than short term. Thus, 

there is currently little evidence to suggest that the breakpoints proposed by COMEAP for the DAQI 

should be revisited. 

4.14 There is also little evidence to suggest that the health advisory messages attached to the DAQI 

should be revised. There may be a case for revisiting the definition of vulnerable and susceptible 

groups although the case remains that those most likely to be affected by short term peaks in air 

pollution are those with pre-existing heart and lung conditions.  

Do we need to communicate with vulnerable groups in a different way? 

4.15 Currently, communication with vulnerable groups is largely undertaken on an ‘opt in’ basis through 

signing up to forecasting services such as London’s airTEXT (www.airtext.info/signup), or by 

accessing UK Air (https://uk-air.defra.gov.uk/). Air pollution forecasts are also included alongside 

weather forecasts26 although they tend feature on broadcast weather reports when high levels are 

forecast. There is a system of active signage in London displaying advisory messages during and 

immediately prior to high air pollution days, which includes: 

• 2,500 bus countdown signs and river pier signs across London 

• 140 road-side dot matrix message signs on the busiest main roads into London, with 

instructions to switch engines off when stationary to reduce emissions, and 

• Electronic update signs in the entrances of all 270 London Underground stations. 

4.16 A more active process of communicating with defined vulnerable groups in relation to air quality, 

could be via the NHS, which holds information on individual members of the population in relation to 

existing medical conditions (respiratory illness, cardiovascular conditions, immune issues etc). This 

information can be used to readily communicate with those groups (including pregnant women, the 

elderly and children), by text or letter.  These sorts of communications, issuing advice on individual 

actions, have been used during the Covid-19 outbreak, which involved vulnerable individuals, many 

of whom would overlap considerably with those identified in relation to air quality (i.e. over 70’s, 

pregnant women, people with existing respiratory disease). Active communication is also used to 

advise vulnerable groups on the availability of seasonal flu vaccinations. 

 
26 such as https://www.bbc.co.uk/weather 

http://www.airtext.info/signup
https://uk-air.defra.gov.uk/
https://www.bbc.co.uk/weather
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4.17 The GLA is currently undertaking a review of the air quality alerts system. This provides an 

opportunity to adopt the same approach as used by the NHS for COVID-19 messaging, ensuring 

vital information reaches the most vulnerable and at risk Londoners. 

4.18 This route would provide information direct to those members of the population who are unlikely to 

proactively seek out information. However, there is a danger that messages repeated too frequently 

lose their power to change behaviour. This reflects in part the user insight work undertaken as part 

of the 2011 review of the DAQI, which showed that, to remain relevant for users, the ratings needed 

to vary on a day to day basis (hence the 1-10 scale). Thus, direct messaging on air pollution for 

vulnerable groups would need to be used only when useful and relevant. This might be during high 

pollution episodes but also during heatwave events; analysis of heatwaves has shown that air 

pollution tends to account for a higher level of mortality during heatwaves than at other times. 
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5 Guidance and policy 

How does health evidence feed into policy? 

5.1 Air pollution policy is effects based. This means that policy development starts with the identification 

of the effects of air pollution and attempts to define ways in which those effects can be removed or 

mitigated. This has generally resulted in the use of health evidence27 to attempt to set levels of air 

pollution which reduce the risk of adverse health outcomes to negligible levels across the population. 

This includes setting levels which are protective of susceptible individuals. 

5.2 However, some air pollutants, especially those which are known carcinogens like dioxins or furans, 

do not have a “safe” level. In general, for those pollutants, the ALARP principle is applied: As Low 

As Reasonably Practicable28. In other words, where emission controls are available, they are applied. 

However, evidence for the effect of all air pollutants is increasingly derived from epidemiology 

studies, which tend not to define “no effect” levels. Particulate matter, in particular, has been shown 

to have a consistent relationship between concentration and the risk of mortality, which means that 

the same health benefit is derived from a 1µg/m3 reduction in concentrations, regardless of the 

starting concentration. 

5.3 The use of health (and other) evidence to set concentration-based targets for air quality is both 

mature and deeply embedded in the policy landscape. It provides clarity for communication (an area 

either exceeds the target or it does not), a means to assess policy and a way to hold Governments 

to account. However, concentration targets, such as the UK Air Quality Objectives or EU Limit 

Values, for air pollutants may not fully reflect the health evidence, especially for long-term exposure 

to pollutants for which there is no safe level. 

5.4 Concentration targets tend to give the impression that air pollution levels above the target are 

harmful, while those below it are safe. They also do not distinguish between a relatively short-term 

exposure to higher levels of air pollution and lifetime exposure to lower, but still elevated, levels; the 

evidence would suggest that the latter is the more harmful29. It is also worth noting that there is little 

prospect that a target value for UFP will be defined in the near future and thus an approach based 

on meeting fixed concentration targets may not address UFP emissions.  

5.5 The fact that concentration targets may not fully reflect the evidence on health effects was 

acknowledged by WHO when it set its air quality guideline value for particulate matter of 10µg/m3 for 

PM2.5. However, it felt that providing a clear target outweighed the disbenefits, something which is 

 
27 Air pollution also damages ecosystems and crops and so policy also attempts to mitigate these effects, based on 

evidence of environmental harm. 
28 It is worth noting that diesel exhaust was declared a carcinogen in 2012 but the ALARP principle has not yet been 

applied to it: https://www.iarc.fr/wp-content/uploads/2018/07/pr213_E.pdf 
29 Royal College of Physicians (2016) Every breath we take: the lifelong impact of air pollution.  Available at: 

https://www.rcplondon.ac.uk/projects/outputs/every-breath-we-take-lifelong-impact-air-pollution 

https://www.iarc.fr/wp-content/uploads/2018/07/pr213_E.pdf
https://www.rcplondon.ac.uk/projects/outputs/every-breath-we-take-lifelong-impact-air-pollution
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certainly true where compliance with the targets is a long way off. Indeed, there is a growing pressure 

to adopt the WHO guideline value as a legal target. There are commitments in the London 

Environment Strategy to achieve the guideline values for particulate matter and in the Government’s 

Clean Air Strategy commits to “set a new, ambitious, long-term target to reduce people’s exposure 

to PM2.5  and will publish evidence early in 2019 to examine what action would be needed to meet 

the WHO annual mean guideline limit”30. 

5.6 Some attempts have been made to derive policy targets based on the reduction of exposure across 

the population, such as the Exposure Reduction Obligation in the 2008 EU Air Quality Directive 

(2008/50/EC31), but these are often complex to calculate and communicate and thus have generally 

not been a strong driver for policy. 

Are other policy approaches available? 

5.7 The concept of proportionate universalism is used in public health. It means “the resourcing and 

delivering of universal services at a scale and intensity proportionate to the degree of need. Services 

are therefore universally available, not only for the most disadvantaged, and are able to respond to 

the level of presenting need32.” This is similar to the ALARP principle, i.e. downward pressure on all 

sources, but weighted towards need and allows for actions to address health inequalities. It also 

implies a greater focus on actions and the monitoring of actions (e.g. effective implementation and 

evaluation) rather than on meeting concentration targets.  

5.8 Another field closely related to air pollution control, that of climate change mitigation, has more 

recently shifted away from emissions targets and towards the much stricter and bolder “net zero” 

approach. At a national scale, this means that any residual greenhouse gas (GHG) emissions left 

after actions have been taken can be “netted off” against carbon sinks, such as forestry. However, 

for an urban area where there is simply not the space to plant sufficient trees to make a significant 

carbon sink, net zero effectively means absolute zero, or the purchase of carbon credits (an 

approach which has many detractors). There are two key features of the net zero carbon approach 

which could be applied to air quality: 

• The target is clear and, apparently, simple33, providing a powerful means to communicate both 

intent and ambition, and 

 
30 https://www.gov.uk/government/publications/clean-air-strategy-2019 
31 https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:02008L0050-20150918&from=EN 
32 http://www.healthscotland.com/documents/24296.aspx 
33 Providing a full and verifiable account of carbon emissions and sinks is actually a complex task, as can be seen from 

Natural Resources Wales Carbon Positive project: https://naturalresources.wales/about-us/corporate-
information/carbon-positive-project/calculating-our-net-carbon-status/?lang=en 

https://www.gov.uk/government/publications/clean-air-strategy-2019
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:02008L0050-20150918&from=EN
http://www.healthscotland.com/documents/24296.aspx
https://naturalresources.wales/about-us/corporate-information/carbon-positive-project/calculating-our-net-carbon-status/?lang=en
https://naturalresources.wales/about-us/corporate-information/carbon-positive-project/calculating-our-net-carbon-status/?lang=en
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• The absolute nature of the target means that much of the complex process of calculating 

emissions and relating them back to a base year (i.e. x% of 1990 emissions) becomes 

redundant, shifting focus onto how and when ‘zero’ can be achieved. 

5.9 In December 2019, the European Commission published the European Green Deal, a roadmap for 

achieving key environmental outcomes in the EU by 205034. It proposes that the EU achieves net 

zero carbon emissions by that point (the UK has already committed to this) and also create a “zero 

pollution environment” in Europe. The EU has not yet fully defined “zero pollution”, however the 

Green Deal commits to the adoption of a Zero Pollution Action Plan for Europe in 2021. It is likely 

“zero” does not mean absolute zero in relation to air pollution, more likely zero exhaust, zero man-

made or zero harmful pollution. 

5.10 For climate change mitigation policy, the location of emissions and average concentrations of GHG 

are irrelevant even though these are what drive the effects of climate change. Understanding GHG 

concentrations is vital for climate science but their even distribution (the background concentration 

massively outweighs the impact of local emissions) means that policy focusses solely on emissions 

reduction. 

5.11 In that sense, there is a very strong parallel with PM2.5, and to a lesser extent PM10. Taken as annual 

averages, measured concentrations of these two fractions are dominated by background 

contributions and so the distribution of concentrations across populated areas is relatively even. It 

may make sense, therefore, to shift the control of PM from a concentration-based policy to an 

emissions-based policy. Given the lack of a “safe” level for PM10 and PM2.5, a “net zero” approach 

would also be attractive. 

5.12 On the other hand, UFP shows a very steep concentration gradient, with concentrations dropping 

off rapidly away from the emission source (e.g. a road), due to dilution, deposition and accumulation, 

i.e. individual particles clumping together to form larger particles. Therefore, concentrations of certain 

PM fractions may indicate priority sources, assuming evidence emerges which identifies which 

fractions are more important in terms of health effects. 

5.13 Achieving net zero GHG emissions will rely largely on the removal of combustion sources, which will 

benefit air pollution concentrations. However, even if all heating and transport is switched to electric 

power, there will still be significant sources of PM for which no controls are currently available. These 

are the mechanically derived particles, such as tyre, brake and road wear (which are at least as 

great from electric vehicles as from fossil fuel powered vehicles), construction dusts, etc. Without 

new targets to drive innovation, road transport and construction in cities, will continue be large 

sources of PM10 and PM2.5, although UFP will be controlled. An important role for PM formation is 

also played by emissions of ammonia from agricultural activities. 

 
34  https://ec.europa.eu/info/strategy/priorities-2019-2024/european-green-deal_en 

https://ec.europa.eu/info/strategy/priorities-2019-2024/european-green-deal_en
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5.14 “Net” zero also relies on the existence of “sinks” or removal processes for the pollutant concerned. 

For CO2, these include forestry and other biological processes. However, there are no functional 

“sinks” for air pollution other than natural deposition processes35. Thus, it is not currently possible to 

achieve net zero for PM emissions in a large city. In addition, the concept of sinks does not address 

the issue of population exposure. In climate change mitigation, it does not matter where the GHG is 

emitted nor the path it takes before being removed via a sink. However, for air pollution, exposure is 

a key concept and so it does not lend itself well to the “accounting” type approaches to control, such 

as net zero or emission trading. This is why polluting activity (e.g. energy production for electric cars) 

should be moved out of cities. 

5.15 There are opportunities to bring climate change mitigation and air pollution policies together in the 

form of a zero pollution city. This could be based on the reduction to zero, or near zero, of combustion 

derived emissions, of CO2, PM and NOX. Such a commitment would preclude the shifting from fossil 

fuels to “contemporary carbon” fuels, such as biomass for heating (reducing GHG emissions but 

potentially increasing air pollution), and would potentially have a greater impact on NOX emissions 

than PM. This would avoid policies to reduce CO2 emissions having negative air quality impacts, as 

happened with the dieselisation of the car fleet in Europe. However, it could not ignore the need to 

reduce emissions of mechanically derived particles, this requires innovation as many of these are 

currently beyond the scope of control technology. 

Does current air quality and planning guidance take account of vulnerable 

groups? 

5.16 Vulnerable or susceptible groups are those sections of the population that are more likely to suffer 

adverse health outcomes as a result of both short and long-term exposure to air pollution.  To some 

extent, the additional susceptibility of different sections of the population is accounted for in setting 

short-term air quality targets (both limit values and objectives), which include large safety factors.  

However, there are opportunities within the planning regime to reduce the exposure to air pollution 

of vulnerable populations, and these should still be taken into account. 

5.17 In terms of both land-use planning and development control, the overarching polices are set out in 

the National Planning Policy Framework, but no specific reference is made to vulnerable groups.  

Similarly, guidance issued by Defra to local authorities in respect of Local Air Quality Management 

(LAQM.TG16) places reliance on compliance with the air quality objectives but does not address 

vulnerable groups.   

5.18 The Intend to Publish version of the London Plan (Policy SI1 Improving air quality) recognises that 

“London’s air quality should be significantly improved and exposure to poor air quality, especially for 

vulnerable people, should be reduced, and that “particular care should be taken with developments 

 
35  There is some evidence that, for example, urban tree planting can accelerate the removal of PM and other 

pollutants from the air. However, it has yet to be shown that planting schemes can make a significant impact on air 
pollution concentrations in real world situations (see: https://uk-air.defra.gov.uk/library/reports.php?report_id=966). 

https://uk-air.defra.gov.uk/library/reports.php?report_id=966
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that are …likely to be used by large numbers of people vulnerable to poor air quality, such as children 

or older people”. 

5.19 This is echoed in guidance issued by EPUK and IAQM which advises that “the land-use planning 

system has significant potential to influence local air quality positively through the careful design of 

neighbourhoods and that giving careful consideration to the location of developments where 

particularly sensitive members of the population are likely to be present, e.g. school buildings should 

generally be sited 100m or more away from busy roads, in areas where pollution concentrations are 

high”.  

Could health be more fully incorporated into air quality assessment for 

planning? 

5.20 The Intend to Publish version of the London Plan36 recognises vulnerability in relation to age (i.e. 

young and old) but not pre-existing disease which in practical terms would only cover hospitals and 

care homes as a location where some members of the population may spend enough time to make 

exposure relevant.  GLA policy already recognises that the siting of schools is important to overall 

exposure, but there is no policy relating to properties aimed at families, which it could be argued 

from the health evidence should also be situated away from busy roads.  In relation to deprivation 

and health impacts, air quality policy should also aim to reduce inequality, with special attention 

being paid to poor housing and other socio-economic factors.  For example, policies relating to 

affordable housing could include the need to try and reduce exposure to air pollutants (in the same 

way as schools are included currently). For example, within residential developments, affordable 

housing should be positioned away from pollution sources, such as busy roads, in order to minimise 

the exposure of residents.  

5.21 To some extent, the issues of vulnerable and susceptible populations are covered in the London 

Health Inequalities Strategy37.  However, in relation to air quality, this strategy focusses largely on 

schools and nurseries, rather than on the elderly, deprived or those with pre-existing disease. 

Proactive measures are being undertaken, such as the Mayor’s School Air Quality Audit Programme, 

which was launched in January 2017, with the aim of reducing emissions and the exposure of 

primary school children to air pollutants. An initial 50 audits have been undertaken at primary schools 

located in the most polluted38 areas of London, with recommendations for measures to be 

implemented at each school. The London boroughs are now undertaking air quality audits at schools 

across London. The strategy also includes an indicator of air pollution (fraction of mortality caused 

by PM2.5). The programme was also extended to 20 nurseries in the Mayor’s Nursery Audit’s 

 
36 https://www.london.gov.uk/what-we-do/planning/london-plan/new-london-plan/intend-publish-london-plan-2019 

37  https://www.london.gov.uk/sites/default/files/his_implementation_plan_fa.pdf 

38  As defined by exceedances of the NO2 annual average objective. 

https://www.london.gov.uk/what-we-do/planning/london-plan/new-london-plan/intend-publish-london-plan-2019
https://www.london.gov.uk/sites/default/files/his_implementation_plan_fa.pdf
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Programme.  Further updates of this strategy could incorporate measures to further protect deprived 

populations and other susceptible populations such as those in hospitals and care homes. 

5.22 The practicalities of development within a city which has, at least until recently, the poorest air quality 

in the UK (mainly by virtue of its size and location) are complex. For example, if a site near a busy 

road becomes available for development, are there any uses which should not be allowed on that 

site on air quality grounds? Present policy would tend to rule out nurseries or schools, although the 

elderly are more likely to be susceptible to air pollution and thus care homes could also be ruled out. 

In fact, once the wider definitions of susceptibility and vulnerability are taken into account, most 

sections of the population are ruled out, leaving, probably, higher income people of middle age39, 

however, this is also the group least likely to want to purchase property near a busy road. 

5.23 The ultimate answer is, of course, to remove the busy road, or at least to remove the emissions from 

the road. Policy is currently moving towards this in London with ambitious policies such as the Ultra-

Low Emission Zone (ULEZ) and reducing emissions from the bus and taxi fleets. In the meantime, 

there are practical steps which could be taken to mitigate against the effects of air pollution, building 

on those currently in place in London. These include: 

• Minimise the pollution burden of new developments. This is already done through Air 

Quality Neutral assessments and is likely to go further in the Intend to Publish version of the 

London Plan. However, there are opportunities to more closely integrate air quality and carbon 

reduction measures to design out combustion sources from developments. 

• Consideration of air quality early in the design phase of the development. While air 

quality is currently considered, it is often an afterthought, once the development design is at 

an advanced stage. Layout of the development and building design can be used to reduce the 

exposure to air pollution by residents and workers, e.g. both where affordable housing is 

located within residential developments as well as the position of rooms within the building. 

The earlier in the design this is considered, the more options are available and the more 

effective they can be. 

• Increasing access to green space. There is good evidence linking air pollution to poor 

mental health and other stress related conditions. Access to green space has been shown to 

have a positive impact on mental health, including stress, and could thus help mitigate against 

some of the impacts of air pollution exposure.  This is reflected in Policy G5 of the Intend to 

Publish version of the London Plan, which relates to Urban Greening, and requires boroughs 

to develop an Urban Greening Factor to identify the appropriate amount of urban greening 

required in new developments.  

 
39  That is, not young, old, from a deprived community or likely to be pregnant. 
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• Facilitating active lifestyles. The benefits of regular excise have been shown to outweigh the 

negative impacts of air pollution for most individuals. The provision of well designed walking 

and cycling infrastructure can also help reduce car journeys and thus improve air quality. 

5.24 In addition, generally accepted practice for air quality assessments is to model air quality at 1.5m 

above the ground, which is representative of adult breathing height. It would be useful to explore 

whether significantly different outcomes are found at lower heights, e.g. toddler breathing height, at 

locations where lots of small children are likely to congregate, such as nurseries. 

5.25 It is worth acknowledging the fact that air quality assessments, in relation to development, focus 

almost exclusively on nitrogen dioxide exceedances. The current annual average Limit Value for 

PM2.5 was never intended as a policy driver and, as such, it is never exceeded in London. Adopting 

the far more stringent WHO Guideline Value for PM2.5 will make PM2.5 a consideration in many (and 

possibly all) air quality assessments. Guidance on this will need to reconcile the fact that, unlike NO2, 

annual average PM2.5 concentrations in London tend to be dominated by the regional background 

contribution rather than local sources.  

How could air quality assessments based solely on health impacts work? 

5.26 It is clear from the current health evidence that achieving the air quality objectives and limit values 

in London is not necessarily the same as achieving the maximum health benefit, even if the more 

stringent WHO guideline for PM2.5 is adopted. Maximum health benefit is achieved through an overall 

reduction in exposure across the population, weighted towards reductions for the most vulnerable 

and susceptible sections. 

5.27 On the other hand, objectives and limit values provide clear benchmarks for air quality and could be 

viewed as a “shorthand” way of securing public health gains. There is certainly a role for 

concentration-based targets in a streamlined approach to air quality assessments in the same way 

that the damage cost approach for impacts valuation is streamlined in comparison with full impact-

pathway valuation40, i.e. it is useful for smaller schemes and impacts but anything more complex 

requires a full analysis. 

5.28 The Intend to Publish London Plan acknowledges this. Policy SI 1 will require that all developments 

in London achieve the air quality neutral standard. Those in Air Quality Focus Areas, or likely to be 

used by large numbers of vulnerable people, will be required to go further and show how exposure 

to poor air quality is minimised. More complex developments, i.e. those requiring an Environmental 

Impact Assessment, will be required to adhere to an air quality positive approach. This latter 

approach, on which GLA will be producing guidance, will involve a more detailed, “baseline” 

assessment of air quality in the area and for air quality to be considered throughout the design phase. 

 
40 See https://www.gov.uk/government/publications/assess-the-impact-of-air-quality for more details 

https://www.gov.uk/government/publications/assess-the-impact-of-air-quality
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5.29 While it is not yet clear how air quality positive will be implemented in practice, there are two key 

issues to address: 

• how does air quality in the area affect and constrain the development? 

• how does the development impact on air quality in the area and on those measures which 

may mitigate air pollution effects? 

5.30 Consideration of the air quality conditions in the area at the very start of the design phase of the 

development will allow exposure to feature as one of the design constraints. This in turn will impact 

on the nature, layout and design of the scheme, including elements such as the positioning of 

childcare facilities within a complex, or the orientation of family focussed housing. This means 

treating environmental issues such as air quality as planning requirements, to be built into the design 

process, rather than planning conditions which usually come at, or near, the end of the process. 

5.31 The second consideration addresses the immediate design and specification of the development, 

such as the heating systems used or the provision for car parking. It also addresses the ways in 

which urban design can help or hinder measures to improve air quality. These include the facilitation 

of alternative forms of transport (cycling and walking), access to green space and the creation of 

Healthy Streets41. 

5.32 Neither of these aspects necessarily require compliance with air quality targets to be part of the 

consideration. The assessment of a development’s impact on exposure will require information on 

local demographics but the estimate of emissions and the dispersion of such theoretical emissions 

through modelling remain the same. What is less clear is the use to which this information is put. 

Compliance with a target provides a clear and transparent benchmark against which plans can be 

assessed. Decisions based on measures to reduce exposure are far less clear cut, and there will be 

less transparency around a decision that a development scheme has proposed sufficient measures, 

or not. 

5.33 Whilst exposure, or reduction to exposure, is difficult to quantify in air pollution terms, it is possible 

to demonstrate how new developments have considered this by the careful selection of land-use 

choices, and by extending the pathway between emissions sources and public exposure, using 

building forms, green infrastructure and layouts to enhance dispersion and separating vulnerable 

and susceptible populations from those sources. 

Are there other opportunities to incorporate health evidence into policy at a 

local scale? 

5.34 A number of neighbourhood-scale improvement schemes are currently in operation in London. 

These include Low Emission Neighbourhoods, Focus Areas, Zero Emissions Neighbourhoods, 

 
41 See https://tfl.gov.uk/corporate/about-tfl/how-we-work/planning-for-the-future/healthy-streets 

https://tfl.gov.uk/corporate/about-tfl/how-we-work/planning-for-the-future/healthy-streets
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Healthy Streets, and other initiatives funded through the Mayor’s Air Quality Fund. Where air quality 

is a consideration under such schemes (it is the sole consideration for Focus Areas but a co-

consideration for the others), the main driver is exceedances of the UK Air Quality Objectives or EU 

Limit Values, or population exposure. What is not clear is the extent to which issues relating to 

vulnerability and susceptibility also feature. 

5.35 While air pollution affects the whole population, proportionate universalism would suggest that 

additional weight needs to be given to those more likely to suffer adverse health outcomes as a 

result of exposure. This would mean weighting action on the basis of age profile, health indicators 

(such as the rate of hospital admissions from an area) and levels of deprivation. Further 

consideration would be needed in order to address the practicalities of such an approach, although 

something similar has been trialled in two local authorities in South Wales42. 

 
42 Brunt H. and Jones S.J. (2019) A pragmatic public health-driven approach to enhance local air quality management 

risk assessment in Wales, UK. Environmental Science and Policy 96 (2019) 18–26 
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6 Key messages 

6.1 This review, commissioned by GLA, has assessed the current state of the evidence base in relation 

to air pollution and human health and the likely future directions for research. It has also assessed 

how vulnerability is described in the evidence base and how it is reflected in current policies on air 

quality and planning. A key concept in both of these is exposure, and the review has assessed 

metrics of exposure and whether the Daily Air Quality Index provides a useful indicator in that 

respect. 

Health effects evidence 

6.2 An assessment has been made of the state of the evidence base in previous reviews, such as those 

undertaken by COMEAP, Public Health England or the Royal College of Physicians, and whether 

more recent review papers had added to, extended or significantly changed that evidence. The 

scope of this review did not include a full systematic review of the published literature on the health 

effects of air pollution.  

6.3 The overall picture is one of strengthening evidence of the connections between air pollution and 

cardiovascular and pulmonary health and the link to premature mortality, with connections also being 

made to other conditions such as diabetes, dementia, mental health and birth outcomes. Most of the 

health evidence relates to particulate matter, and PM2.5 in particular, although more evidence is 

emerging on ultra-fine particles. The identification of UFP in brain tissue and of a direct pathway into 

the brain through the olfactory bulb provides a priority area for future research which is hampered 

by a lack of ambient measurement data. 

6.4 While the majority of the published evidence relates to the long-term impacts of PM2.5, evidence is 

also strengthening for the health impacts of nitrogen dioxide and ozone, mainly around pulmonary 

and cardiovascular effects and the link to premature mortality. 

6.5 Developing areas of research include the impacts of air pollution on cognitive decline, dementia, 

mental health, birth outcomes, diabetes and most recently COVID-19. The evidence base is also 

strengthening for the impacts of air pollution on morbidity (illness). 

6.6 Vulnerability and susceptibility are difficult to define, especially in relation to the length of exposure 

to air pollution and are often used interchangeably (including, to an extent, in this report). However, 

there are three clear factors which can determine susceptibility: age (pre-birth, young or old), state 

of health (in particular cardiovascular and pulmonary health) and level of deprivation. 

Indicators and exposure 

6.7 The review found there is not yet a simple way to represent exposure to air pollution. Two key aims 

of the current metrics are: to help assess the impacts of air pollution on the population; and (probably 

more importantly) to communicate the effects of air pollution to sensitive members of the general 
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public. Exceedances of targets, such as Limit Values or Objectives, provide the clearest means on 

communication but do not reflect the evidence that there is no “safe” level for air pollutants such as 

PM2.5 and probably NO2. Population weighted mean concentrations provide a good assessment of 

population exposure to air pollution for regulatory purposes but do not lend themselves well to 

general communication. 

6.8 The Daily Air Quality Index (DAQI) is a useful, and relevant, tool for communicating air pollution 

levels and for providing advice on action to take. However, it is exclusively focused on short-term 

events and exposures whereas the evidence suggests that long-term exposure is associated with 

far greater health impacts. Care is needed to ensure that low pollution levels using the DAQI’s short-

term metrics are not misunderstood by the general public to mean their overall exposure is low. 

Guidance and policy 

6.9 Current policy is largely driven by exceedances of the nitrogen dioxide annual average Limit Value 

(and UK Objective), although the greater health impact of PM2.5 is acknowledged. Adopting the WHO 

Guideline level as a target for PM2.5 will bring this much more to the fore but this is still a threshold 

approach to concentrations that does not fully reflect the health evidence that there is no safe level. 

Lessons could be learned from other sectors where the Net-Zero approach to GHG mitigation 

focusses wholly on emissions and provides a powerful communications tool, and the proportionate 

universalism approach used in public health directs action towards the greatest need. The concept 

of zero pollution city should be explored, which as well as driving further reductions in air pollution 

could also include bringing carbon and air pollution emissions under a single conceptual framework. 

6.10 In terms of vulnerability, age profile is, to some extent, taken into account in current planning policy. 

This could be strengthened, as could the consideration of health status and deprivation level. 

However, over the longer term everyone is, or is potentially, vulnerable. Action to reduce emissions 

as far as possible should remain the long-term goal. Other actions which could be brought more 

strongly into planning policy are: 

• Minimise the pollution burden of new developments 

• Consideration of air quality early in the design phase of the development 

• Increasing access to green space 

• Facilitating active lifestyles 

6.11 The air quality positive approach proposed for larger developments in the Intend to Publish version 

of the London Plan offers a way to move towards air quality assessments based on health impacts 

rather than air quality target compliance. However, the way in which such an approach maintains 

transparency and consistency in decision making will require careful consideration. 
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A1 Glossary 

Acute   Short-term, e.g. in relation to exposure to air pollution 

ALARP   As Low As Reasonably Practicable 

AQC   Air Quality Consultants 

AQEG   Air Quality Expert Group 

ASD   Autistic Spectrum Disorder 

BAME   Black, Asian and minority ethnic 

BC   Black Carbon 

Causal   A link demonstrated through clear evidence between a pollutant and the initiation 

of a condition or disease that wasn’t previously present 

Chronic  Long-term, e.g. in relation to exposure to air pollution 

CO  Carbon monoxide 

COMEAP  Committee on the Medical Effects of Air Pollution 

COPD  Chronic Obstructive Pulmonary Disease 

DAQI  Daily Air Quality Index (UK) 

Defra   Department for Environment, Food and Rural Affairs 

Exceedance  A period of time when the concentration of a pollutant is greater than the 

appropriate air quality objective.  This applies to specified locations with relevant 

exposure 

EPUK  Environmental Protection UK 

EU  European Union 

Focus Area  Location in London that not only exceeds the EU annual mean limit value for NO2 

but also has a high level of human exposure 

GHG  Greenhouse gas 

GLA   Greater London Authority 

HR   Hazard Ratio 

IAQM   Institute of Air Quality Management 

LAQM   Local Air Quality Management 

Limit Values  Concentration based targets for air pollutants in ambient air defined in EU 

Directives 
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μg/m3   Micrograms per cubic metre 

NH3   Ammonia 

NHS   National Health Service 

NO   Nitric oxide 

NO2    Nitrogen dioxide 

NOx   Nitrogen oxides (taken to be NO2 + NO) 

NMVOC   Non-methane volatile organic compound 

NRMM    Non-Road Mobile Machinery 

Objectives  A nationally defined set of health-based concentrations for nine pollutants 

OR  Odds Ratio 

PAH  Polycyclic Aromatic Hydrocarbon 

PHE  Public Health England 

PM10   Small airborne particles, more specifically particulate matter less than 10 

micrometres in aerodynamic diameter 

PM2.5    Small airborne particles less than 2.5 micrometres in aerodynamic diameter 

RCP   Royal College of Physicians 

Primary   A pollutant emitted directly into the atmosphere 

RR  Relative Risk 

Secondary  A pollutant formed in the atmosphere through the reaction of two or more precursor 

pollutants 

SO2  Sulphur dioxide 

Transboundary Pollutants which are transported in the air across national boundaries 

UFP  Ultra-Fine Particles 

WHO  World Health Organisation 
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A2 Recent meta-analyses considered in this review 

Note that the quality and methodology used in meta-analyses varies considerably. In the course of this 

review, no quality assessment has been applied and thus all of the studies have been given equal weight. 

Original literature should be consulted before further use is made of their findings. 

A Systematic Review and Meta-Analysis of Multiple Airborne Pollutants and Autism 

Spectrum Disorder (2016) 

Authors 

Juleen Lam, Patrice Sutton, Amy Kalkbrenner, Gayle Windham, Alycia Halladay, Erica Koustas, Cindy Lawler, 

Lisette Davidson, Natalyn Daniels, Craig Newschaffer, Tracey Woodruff 

About 

Authors reviewed 23 studies between air pollution exposure in the human development age (all the way to 

childhood) and ASD. 6 papers studied PM10, 3 PM2.5  

Outcome 

“limited evidence of toxicity”, strongest evidence between prenatal exposure to PM and ASD, large 

unexplained heterogeneity between studies. 

A systematic review of cardiovascular responses associated with ambient black carbon and 

fine particulate matter (2019) 

Authors 

E.F. Kirranea, T.J. Lubena, A. Bensonc, E.O. Owensa,b, J.D. Sacksa, S.J. Duttona, M. Maddenc,d, J.L. 

Nicholsa 

About 

Aimed to assess whether Black Carbon (BC) has ‘distinctive or stronger cardiovascular responses than PM2.5 

in the context what is already known about PM2.5’. Association of short-term and long-term BC (or EC). 

40 short-term exposure studies and 4 long-term exposure studied included. (Heart rate variability -16, heart 

rhythm abnormalities – 8, blood pressure -14, and vascular function - 6 

Outcome 

Both BC and PM2.5 associated with cardiovascular effects but there is not enough evidence to distinguish 

between the two. BC no better indicator of cardiovascular effects than PM2.5 but not enough studies 

distinguished the independent effect of BC from that of PM2.5. 
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Air pollution and Parkinson's disease: A systematic review and meta-analysis up to 2018 

Authors 

Maria-Iosifina Kasdagli, Klea Katsouyanni, Konstantina Dimakopoulou, Evangelia Samoli 

About 

15 studies selected for quantitative analysis from which nine investigated associations with long-term 

exposure to PM2.5, seven for PM10, four for PM2.5-10, eight for NO2, five for NOx, five for ozone, three for CO 

and three for SO2, while two reported associations for short-term exposure to PM2.5. investigating the risk of 

aggravation or hospitalization due to PD. Studies mostly from North America, 7 case-control, 8 cohort.  

Outcome 

Indications of associations with long-term exposures to PM2.5, CO, NO2 and ozone among which only the 

last one reached the nominal level of significance. No association with PM2.5-10 and PM10 

Short-term exposure to PM2.5 was significantly associated with the aggravation of the disease – the reported 

CI of the RR is a bit funny however’ – pooled RR for hospitalizations of 1.03 (95% CI:1.06, 5.04) per 10 

µg/m3 increase. 

Air Pollution (Particulate Matter) Exposure and Associations with Depression, Anxiety, 

Bipolar, Psychosis and Suicide Risk: A Systematic Review and Meta-Analysis (2019) 

https://ehp.niehs.nih.gov/doi/full/10.1289/EHP4595 

Authors 

Isobel Braithwaite, Shuo Zhang, James B. Kirkbride, David P. J. Osborn, and Joseph F. Hayes 

About 

Effect of short or long-term PM < 1µm, PM2.5 and PM10, 22 studies, mostly Asia and North America. 

Outcome 

Long-term PM2.5 and depression prevalence (5 studies) OR 1.102 per 10  g/m3 (95% CI: 1.023, 

1.189; p=0.011p=0.011), no clear PM10 association. 

Short-term PM10 exposure and completed suicide found a RR of 1.02 (95% CI: 1.00, 1.03) at a cumulative 

0-2 day lag. 

Limited number or no studies for the other mental health outcomes. 

 

https://ehp.niehs.nih.gov/doi/full/10.1289/EHP4595
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Ambient ozone exposure and mental health: A systematic review of epidemiological studies 

(2018) 

https://www.sciencedirect.com/science/article/pii/S0013935118302159 

Authors 

Tianyu Zhao, Iana Markevych, Marcel Romanos, Dennis Nowak, Joachim Heinrich 

About 

31 papers included, investigated ASD, cognitive function impairment, dementia, depression and suicide. 

Outcome 

Large heterogeneity of designs, study quality and outcome definitions so no meta-analysis. Inconclusive 

evidence for ozone exposure and mental health outcomes 

Ambient Particulate Air Pollution and Daily Mortality in 652 Cities (2019) 

https://www.nejm.org/doi/full/10.1056/NEJMoa1817364 

Authors 

Cong Liu, M.S., Renjie Chen, Francesco Sera, Ana M. Vicedo-Cabrera, Yuming Guo, Shilu Tong, Micheline 

S.Z.S. Coelho, Paulo H.N. Saldiva, Eric Lavigne, Patricia Matus, Nicolas Valdes Ortega, M.Sc., Samuel 

Osorio Garcia, Mathilde Pascal, Massimo Stafoggia, Matteo Scortichini, Masahiro Hashizume, Yasushi 

Honda, Magali Hurtado-Díaz, Julio Cruz, Baltazar Nunes, João P. Teixeira, Ho Kim, Aurelio Tobias, Carmen 

Íñiguez, Bertil Forsberg, Christofer Åström, Martina S. Ragettli, Yue-Leon Guo, Bing-Yu Chen, Michelle L. 

Bell, Caradee Y. Wright, Noah Scovronick, Rebecca M. Garland, Ai Milojevic, Jan Kyselý, Aleš Urban, Hans 

Orru, Ene Indermitte, Jouni J.K. Jaakkola, Niilo R.I. Ryti, Klea Katsouyanni, Antonis Analitis, Antonella 

Zanobetti, Joel Schwartz, Jianmin Chen, Tangchun Wu, Aaron Cohen, D.Sc., Antonio Gasparrini, and 

Haidong Kan. 

About 

PM2.5 and PM10 daily all-cause, cardiovascular, and respiratory mortality in 24 countries/regions mainly 

located in East Asia, Europe, and North America. Fixed site environmental measurements 

Outcome 

Positive and significant associations for both PM metrics and mortality.  

PM10 0.44% (95% confidence interval [CI], 0.39 to 0.50) increase per 10 g/m3 (all-cause) 

PM10 0.36% (95% CI, 0.30 to 0.43) increase per 10 g/m3 (cardiovascular) 

https://www.sciencedirect.com/science/article/pii/S0013935118302159
https://www.sciencedirect.com/science/article/pii/S0013935118302159#!
https://www.sciencedirect.com/science/article/pii/S0013935118302159#!
https://www.sciencedirect.com/science/article/pii/S0013935118302159#!
https://www.sciencedirect.com/science/article/pii/S0013935118302159#!
https://www.sciencedirect.com/science/article/pii/S0013935118302159#!
https://www.nejm.org/doi/full/10.1056/NEJMoa1817364
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PM10 0.47% (95% CI, 0.35 to 0.58) increase per 10 g/m3 (respiratory) 

PM2.5 0.68% (95% CI, 0.59 to 0.77) increase per 10 g/m3 (all-cause) 

PM2.5 0.55% (95% CI, 0.45 to 0.66) increase per 10 g/m3 (cardiovascular) 

PM2.5 0.74% (95% CI, 0.53 to 0.95%) increase per 10 g/m3 (respiratory) 

Magnitudes decreased in two-pollutant models but remained significant 

Pooled CRF functions no discernible thresholds, flattening at high ranges. 

Are noise and air pollution related to the incidence of dementia? A cohort study in London, 

England (2018) 

https://bmjopen.bmj.com/content/8/9/e022404 

Authors 

Iain M Carey, H Ross Anderson, Richard W Atkinson, Sean D Beevers, Derek G Cook, David P Strachan, 

David Dajnak, John Gulliver, Frank J Kelly 

About 

Pollution data (NO2, ozone and PM2.5) from KCLurban linked with health records of ~ 131k older adults (50-

79yo) registered at 75 general practices within the M25 

Outcome 

New dementia cases positively associated with NO2 and PM2.5, more consistent for Alzheimer. Not for ozone. 

NO2 HR of 1.16 (95% CI 1.05 to 1.28) per 7.5 g/m3 

Association between air pollutants and development of chronic kidney disease: A 

systematic review and meta-analysis (2019) 

https://www.sciencedirect.com/science/article/pii/S0048969719355160 

Authors 

Mei-Yi Wu, Wei-Cheng Lo, Chia-Ter Chao, Mai-Szu Wu, Chih-Kang Chiang 

About 

Association between long-term exposure to CO, SO2, NO2, ozone, PM2.5 and PM10 and chronic kidney 

disease (CKD) and end-stage renal disease (ESRD). 

14 studies (USA, China, South Korea) 

https://bmjopen.bmj.com/content/8/9/e022404
https://www.sciencedirect.com/science/article/pii/S0048969719355160
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Outcome 

Association with CKD and renal function decline 

RR for CKD per 10 μg/m3 increase in PM2.5 was 1.10 (95% CI: 1.00, 1.21) – 4 studies 

RR for CKD per 10 μg/m3 increase in PM10 of 1.16 (95% CI: 1.05, 1.29) – 4 studies 

Both pollutants considerable heterogeneities 

RR for CKD per 10 ppb increase in NO2 1.11 (95% CI: 1.09, 1.14) – 3 studies 

Association between ambient air pollution and Parkinson's disease: Systematic review and 

meta-analysis. (2019) 

https://www.ncbi.nlm.nih.gov/pubmed/30391837 

Authors 

Hu CY, Fang Y, Li FL, Dong B, Hua XG, Jiang W, Zhang H, Lyu Y, Zhang XJ 

About 

10 studies up to 10/2017 (5 USA, 2 Taiwan and Denmark, 1 Canada), various exposure estimate methods 

Outcome 

associations between PD risk and PM2.5, PM2.5–10, PM10, and SO2 were not found to be statistically significant 

RR for PD per 10 ppb increase in NOx (RR) = 1.06; 95% confidence interval (CI): 1.04, 1.09) 

RR for PD per 1 ppm increase in CO RR = 1.65 (95% CI: 1.10, 2.48) 

RR for PD per 1 ppm increase in NO2 RR = 1.01 (95% CI: 1.00, 1.03) 

RR for PD per 1 ppm increase in ozone RR = 1.01 (95% CI: 1.00, 1.02) 

Association between ambient fine particulate matter and preterm birth or term low birth 

weight: An updated systematic review and meta-analysis (2017) 

https://www-sciencedirect-com.ezproxy.is.ed.ac.uk/science/article/pii/S0269749116325507 

Authors 

Li, Xiangyu , Huang, Shuqiong , Jiao, Anqi , Yang, Xuhao , Yun, Junfeng , Wang, Yuxin , Xue, Xiaowei , Chu, 

Yuanyuan , Liu, Feifei , Liu, Yisi , Ren, Meng , Chen, Xi , Li, Na , Lu, Yuanan , Mao, Zongfu , Tian, Liqiao , 

Xiang, Hao 

https://www.ncbi.nlm.nih.gov/pubmed/30391837
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hu%20CY%5BAuthor%5D&cauthor=true&cauthor_uid=30391837
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fang%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=30391837
https://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20FL%5BAuthor%5D&cauthor=true&cauthor_uid=30391837
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dong%20B%5BAuthor%5D&cauthor=true&cauthor_uid=30391837
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hua%20XG%5BAuthor%5D&cauthor=true&cauthor_uid=30391837
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jiang%20W%5BAuthor%5D&cauthor=true&cauthor_uid=30391837
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20H%5BAuthor%5D&cauthor=true&cauthor_uid=30391837
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lyu%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=30391837
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20XJ%5BAuthor%5D&cauthor=true&cauthor_uid=30391837
https://www-sciencedirect-com.ezproxy.is.ed.ac.uk/science/article/pii/S0269749116325507


 
 
Air Quality and Health: Reviewing evidence and planning policy in London        

   
 

 J3231_L 41 of 48 September 2020
  

About 

23 studies prior 07/2016 (17 USA, 2 Canada, 3 Europe) various exposure estimates methods 

Outcome 

Pre-term birth increases in odds ratio with IQR increment in PM2.5 (OR) = 1.03; 95% conditional 

independence (CI): 1.01–1.05) 

Term low birth weight OR = 1.03 (95% CI: 1.02–1.03) PM2.5 

“The pooled ORs for the effect of PM2.5 exposure (per 10μg/m3 increment increase) throughout the entire 

pregnancy on PTB and TLBW revealed a positive, but not statistically significant, correlation (OR = 1.02, 95 

CI %: 0.93–1.12 and OR = 1.05, 95 CI %: 0.98–1.12, respectively)” 

Significant heterogeneity in most meta-analyses. 

Association between particulate matter air pollution and risk of depression and suicide: 

systematic review and meta-analysis (2019) 

https://www-cambridge-org.ezproxy.is.ed.ac.uk/core/journals/the-british-journal-of-

psychiatry/article/association-between-particulate-matter-air-pollution-and-risk-of-depression-and-suicide-

systematic-review-and-metaanalysis/9B39CE679E257B872F918A37317C98BA 

Authors 

Gu, Xuelin ; Liu, Qisijing ; Deng, Furong ; Wang, Xueqin ; Lin, Hualiang ; Guo, Xinbiao ; Wu, Shaowei 

About 

14 papers (7 depression, 7 suicide), case-crossover and cohort, North America, Europe, Asia 

Outcome 

Increase of 10 µg/m3 in PM2.5 was associated with a 19% higher risk of depression (odds ratio [95% CI] 1.19 

[1.07, 1.33]) 

The risk of suicide associated with PM2.5 was positive and marginally significant (odds ratio [95% CI] 1.05 

[0.99, 1.11], P < 0.10) 

insignificant for PM10 and depression or suicide. 

Childhood autism spectrum disorders and exposure to nitrogen dioxide, and particulate 

matter air pollution: A review and meta-analysis (2016) 

https://www.ncbi.nlm.nih.gov/pubmed/27609410 

https://www-cambridge-org.ezproxy.is.ed.ac.uk/core/journals/the-british-journal-of-psychiatry/article/association-between-particulate-matter-air-pollution-and-risk-of-depression-and-suicide-systematic-review-and-metaanalysis/9B39CE679E257B872F918A37317C98BA
https://www-cambridge-org.ezproxy.is.ed.ac.uk/core/journals/the-british-journal-of-psychiatry/article/association-between-particulate-matter-air-pollution-and-risk-of-depression-and-suicide-systematic-review-and-metaanalysis/9B39CE679E257B872F918A37317C98BA
https://www-cambridge-org.ezproxy.is.ed.ac.uk/core/journals/the-british-journal-of-psychiatry/article/association-between-particulate-matter-air-pollution-and-risk-of-depression-and-suicide-systematic-review-and-metaanalysis/9B39CE679E257B872F918A37317C98BA
https://www.ncbi.nlm.nih.gov/pubmed/27609410
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Authors 

Flores-Pajot, Marie-Claire ; Ofner, Marianna ; Do, Minh T ; Lavigne, Eric ; Villeneuve, Paul J  

About 

12 studies 

Outcome 

Exposure to ozone during pregnancy and autism: RR of 1.05 (95% CI: 1.01, 1.10) per 10 ppb increase – but 

based on only two studies one of which found no statistical significance 

In the postnatal period up to 4 yo:  RR = 2.43 (95%CI: 1.61, 3.68) per 10 g/m3 increase in PM2.5 and RR = 

2.72 (95%CI: 1.04, 7.07) per 10 ppb increase in NO2  

All based on a small number of studies, however. Some studies unable to control for other key risk factors. 

Long-term Concentrations of Nitrogen Dioxide and Mortality A Meta-analysis of Cohort 

Studies (2018) 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5991178/ 

Authors 

Richard. W. Atkinson, Barbara. K. Butland, H. Ross. Anderson and Robert. L. Maynard 

About 

48 articles of 28 cohorts, majority North America, Europe, few Asia 

Outcome 

All-cause: 20 cohorts 

HR = 1.02 (95% confidence interval [CI]: 1.01, 1.03) per 10 ug/m3 increase in NO2  

Cohorts selected on the basis of pre-existing disease (5 studies): HR = 1.04 

Cardiovascular: 15 cohorts 

HR = 1.03 (95% CI: 1.02, 1.05) per 10 g/m3 increase in NO2 

Respiratory: 13 cohorts 

HR = 1.03 (95% CI: 1.01, 1.05) per 10 g/m3 increase in NO2 

Lung cancer: 16 cohorts 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5991178/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Atkinson%20RW%5BAuthor%5D&cauthor=true&cauthor_uid=29746370
https://www.ncbi.nlm.nih.gov/pubmed/?term=Butland%20BK%5BAuthor%5D&cauthor=true&cauthor_uid=29746370
https://www.ncbi.nlm.nih.gov/pubmed/?term=Anderson%20HR%5BAuthor%5D&cauthor=true&cauthor_uid=29746370
https://www.ncbi.nlm.nih.gov/pubmed/?term=Maynard%20RL%5BAuthor%5D&cauthor=true&cauthor_uid=29746370
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HR = 1.05 (95% CI: 1.02, 1.08 ) per 10 g/m3 increase in NO2 

All above substantial heterogeneity 

Pneumonia mortality: 4 cohorts 

HR = 1.08 (95% CI: 1.06, 1.09) , no heterogeneity 

“Given the current limited evidence base and the statistical issues described, it remains infeasible to 

distinguish associations between NO2 and mortality from those for PM, especially fine particles arising from 

vehicle exhaust.” 

Long-term exposure to ambient ozone and mortality: a quantitative systematic review and 

meta-analysis of evidence from cohort studies (2016) 

https://bmjopen.bmj.com/content/6/2/e009493 

Authors 

Atkinson , R W , Butland , B K , Dimitroulopoulou , C , Heal , M R , Stedman , J R , Carslaw , N , Jarvis , D 

L, Heaviside , C , Vardoulakis , S , Walton , H & Anderson , H R 

About 

14 studies of 8 cohorts up to 10/2015 

Outcome 

No association between long-term ozone exposure and all causes, cardiovascular or respiratory mortality 

and lung cancer 

Warm season ozone exposure 

Cardiovascular mortality HR = 1.01 (95% CI 1.00 to 1.02) and respiratory mortality HR = 1.03 (95% CI 1.01 

to 1.05) per 10 ppb (from 3 studies) 

Long-Term Exposure to Ozone and Cause-Specific Mortality Risk in the United States (2019) 

https://www-atsjournals-org.ezproxy.is.ed.ac.uk/doi/full/10.1164/rccm.201806-1161OC 

Authors 

Lim, Chris C ; Hayes, Richard B ; Ahn, Jiyoung ; Shao, Yongzhao ; Silverman, Debra T ; Jones, Rena R ; 

Garcia, Cynthia ; Bell, Michelle L ; Thurston, George D 

https://bmjopen.bmj.com/content/6/2/e009493
https://discovered.ed.ac.uk/primo-explore/fulldisplay?docid=TN_medline31051079&context=PC&vid=44UOE_VU2&lang=en_US&search_scope=default_scope&adaptor=primo_central_multiple_fe&tab=default_tab&query=any,contains,Long-term%20exposure%20to%20ozone%20and%20cause-specific%20mortality&offset=0
https://www-atsjournals-org.ezproxy.is.ed.ac.uk/doi/full/10.1164/rccm.201806-1161OC
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About 

Not a meta-analysis; large prospective cohort study in USA 

Single and multi-pollutant models 

Outcome 

Long-term annual average ozone single pollutant 

Cardiovascular mortality HR = 1.03; 95% confidence interval [CI], 1.01–1.06) 

ischemic heart disease (HR, 1.06; 95% CI, 1.02–1.09), 

respiratory disease mortality (HR, 1.04; 95% CI, 1.00–1.09) 

COPD (HR, 1.09; 95% CI, 1.03–1.15)  

but not all-cause mortality or lung cancer 

adjusting for PM2.5 and/or NO2 did not significantly change the outcome 

Long-Term Ozone Exposure and Mortality in a Large Prospective Study (2016) 

https://www-atsjournals-org.ezproxy.is.ed.ac.uk/doi/full/10.1164/rccm.201508-1633OC 

Authors 

Turner, Michelle C; Jerrett, Michael; Pope, C Arden; Krewski, Daniel; Gapstur, Susan M; Diver, W Ryan; 

Beckerman, Bernardo S; Marshall, Julian D; Su, Jason; Crouse, Daniel L; Burnett, Richard T 

About 

NOT a meta-analysis - large US cohort study  

Single and two-pollutant models  

Outcome 

Single pollutant year-round ozone  

all-cause mortality HR per 10 ppb, 1.02; 95% CI, 1.01–1.04 

circulatory mortality HR per 10 ppb, 1.03; 95% CI, 1.02–1.05 

respiratory mortality HR per 10 ppb, 1.14; 95% CI, 1.10–1.18 

also significant associations for PM2.5 regional (respiratory) and near source (circulatory) mortality, and NO2 

(all-cause and circulatory, but not respiratory) 

https://www-atsjournals-org.ezproxy.is.ed.ac.uk/doi/full/10.1164/rccm.201508-1633OC
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Two pollutant year-round ozone (adjusted for PM2.5)  

all-cause (HR per 10 ppb, 1.02; 95% CI, 1.01–1.04), 

circulatory (HR per 10 ppb, 1.03; 95% CI, 1.01–1.05) 

respiratory (HR per 10 ppb, 1.12; 95% CI, 1.08–1.16)  

further adjusting for NO2 had no change to the above results. 

Long-term exposure to PM2.5 and stroke: A systematic review and meta-analysis of cohort 

studies (2019) 

https://www-sciencedirect-com.ezproxy.is.ed.ac.uk/science/article/pii/S0013935119303846 

Authors 

Yuan, Sheng ; Wang, Jiaxin ; Jiang, Qingqing ; He, Ziyu ; Huang, Yuchai ; Li, Zhengyang ; Cai, Luyao ; Cao, 

Shiyi 

About 

16 cohort studies (North America, Europe, Asia) 

Single pollutant model 

Outcome 

Incidence of stroke (12 studies) HR = 1.11 (95% CI:1.05, 1.17) per 5 g/m3 increase in PM2.5  

significant heterogeneity 

mortality of stroke (6 studies) HR is same as for incidence but no heterogeneity 

associations significant for both sexes. 

Relationship between exposure to PM2.5 and lung cancer incidence and mortality: A meta-

analysis (2017) 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5522148/ 

Authors 

Huang, Feifei ; Pan, Bing ; Wu, Jun ; Chen, Engeng ; Chen, Liying 

About 

9 studies on lung cancer mortality, 8 on lung cancer incidence, all except one cohort studies 

https://www-sciencedirect-com.ezproxy.is.ed.ac.uk/science/article/pii/S0013935119303846
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5522148/
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9 from North America, 4 Europe, 4 Asia 

Outcome 

Mortality RR = 1.11 (95% CI: 1.05, 1.18) per 10 g/m3 

Incidence RR = 1.08 (95% CI: 1.03, 1.12) per 10 g/m3 

Population subgroups: 

Both incidence and mortality higher for males than females presumably due to higher exposure to tobacco 

smoke. Significant heterogeneity. 

Short-term and long-term exposures to fine particulate matter constituents and health: A 

systematic review and meta-analysis (2018) 

https://www-sciencedirect-com.ezproxy.is.ed.ac.uk/science/article/pii/S0269749118328847 

Authors 

Yang, Yang ; Ruan, Zengliang ; Wang, Xiaojie ; Yang, Yin ; Mason, Tonya G ; Lin, Hualiang ; Tian, Linwei 

About 

42 studies of which 31 short-term effects, 11 cohort in Europe, North America, East Asia and South America 

Outcomes 

Short term: per IQR -  

 - significant effects of black and organic carbon, K and Cl on non-accidental mortality 

 - significant effects of BC, OC, nitrate, sulphate, Zn, Si and K on cardiovascular mortality 

 - only OC associated with respiratory mortality 

 - NO significant heterogeneity in the above 

 - significant effects of BC and OC on non-accidental and cardiovascular morbidity 

 - significant effects of nitrate on respiratory morbidity 

Long term: per IQR –  

significant effects of BC, nitrate, Zn and Si on non-accidental mortality 

significant effects of Fe, nitrate, Zn and Si on cardiovascular mortality 

not enough studies for respiratory mortality 

https://www-sciencedirect-com.ezproxy.is.ed.ac.uk/science/article/pii/S0269749118328847
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Overall BC and OC most likely to cause adverse health effects but there are other potential harmful PM2.5 

constituents 

Short-term association between ambient air pollution and pneumonia in children: A 

systematic review and meta-analysis of time-series and case-crossover studies (2017) 

https://www-sciencedirect-com.ezproxy.is.ed.ac.uk/science/article/pii/S0269749117323412 

Authors 

Nhung, Nguyen Thi Trang ; Amini, Heresh ; Schindler, Christian ; Kutlar Joss, Meltem ; Dien, Tran Minh ; 

Probst-Hensch, Nicole ; Perez, Laura ; Künzli, Nino 

About 

17 studies (11 time series, 6 case-crossover)  

Effect of PM, NO2, ozone, SO2 and CO 

Outcome 

ER per 10 μg/m3 increase of pollutants, was 1.5% (95% CI: 0.6%–2.4%) for PM10 and 1.8% (95% CI: 0.5%–

3.1%) for PM2.5 

ER per 10 ppb increment were 2.9% (95% CI: 0.4%–5.3%) for SO2, 1.7% (95% CI: 0.5%–2.8%) for ozone, 

1.4% (95% CI: 0.4%–2.4%) for NO2, and 0.9% (95% CI: −0.0%–1.9%) for CO per 1000 ppb increment 

Large heterogeneity for all pollutants except PM2.5 and SO2 (moderate)  

with the exception of NO2 and ozone, the meta-regression did not reveal age specific effects (i.e. children 

under 5 versus general population 

potentially larger risks among children from lower socioeconomic groups 

The association between PM2.5 exposure and neurological disorders: A systematic review 

and meta-analysis (2019) 

https://www-sciencedirect-com.ezproxy.is.ed.ac.uk/science/article/pii/S0048969718345741 

Authors 

Fu, Pengfei ; Guo, Xinbiao ; Cheung, Felix Man Ho ; Yung, Ken Kin Lam 

About 

80 studies (42 N America, 33 Europe, 22 Asia) 

https://www-sciencedirect-com.ezproxy.is.ed.ac.uk/science/article/pii/S0269749117323412
https://www-sciencedirect-com.ezproxy.is.ed.ac.uk/science/article/pii/S0048969718345741
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Outcome 

per 10 ug/m3 increase in PM2.5 

short term stroke incidence and stroke mortality RR = 1.01 (95% CI 1.01–1.02) and 1.02 (95% CI 1.01–1.04), 

respectively 

long-term stroke incidence and stroke mortality RR = 1.14 (95% CI 1.08–1.21) and 1.15 (95% CI 1.07–1.24), 

respectively 

pooled short and long-term RR = 1.02 (95% CI 1.01–1.02) and 1.14 (95% CI 1.11–1.17) 

dementia RR = 1.16 (95% CI 1.07–1.26) 

Alzheimer RR = 3.26 (95% 0.84–12.74) 

ASD RR = 1.68 (95% CI 1.20–2.34) 

Parkinson’s RR = 1.34 (95% CI 1.04–1.73) 

Risk of stroke in heavily polluted countries significantly higher than in lightly polluted countries 

The impact of prenatal exposure to air pollution on childhood wheezing and asthma: A 

systematic review (2017) 

https://www-sciencedirect-com.ezproxy.is.ed.ac.uk/science/article/pii/S0013935117313841 

Authors 

Hehua, Zhang ; Qing, Chang ; Shanyan, Gao ; Qijun, Wu ; Yuhong, Zhao 

About 

18 studies of children 0-10 yo, 7 in Europe, 9 USA, 2 China, mostly cohort studies 

15 studies relied on questionnaires and self-reporting 

Outcome 

Prenatal NO2 exposure (2 studies only) on childhood wheezing OR=1.04, 95% CI=1.01–1.07 

Prenatal NO2 exposure (4 studies) on childhood asthma OR=1.07, 95% CI=1.01–1.14 but significant 

heterogeneity, probably due to exposure assessment methods) 

Prenatal PM10 exposure (4 studies) and childhood asthma OR=1.08, 95% CI=1.05–1.12 

No significant associations with PM2.5 

https://www-sciencedirect-com.ezproxy.is.ed.ac.uk/science/article/pii/S0013935117313841

