
Air pollution damages brains, as well as
hearts and lungs

PM2.5 pollution – 9 million premature deaths a
year
The vast majority of pollution-related deaths are linked to fine particles less
than 2.5 millionths of a metre (known as PM2.5). PM2.5 behave like gases and,
like the air we need to breathe, enter our homes even when all doors and
window are shut.
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If breathed in, PM2.5 can penetrate the deepest recesses of our lungs, cross
into the bloodstream and transport toxins to every organ of the body.
Worldwide, PM2.5 pollution is estimated to cause 8.9 million premature deaths
a year (18,000 in Oceania) .

As our knowledge of the effects of PM2.5 pollution increased, so have estimates
of pollution-related deaths, up from 3.2 million in 2012 . The latest estimates
were derived from studies with accurate air pollution data from land-based
measurements, combined with satellite data or information from land-use
regression models  – 41 cohorts in 16 countries, with PM2.5 ranging from 2.4
to over 80 ug/m .
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As well as total deaths, specific causes were considered: stroke (see the WHO
BreatheLife infographic ), ischemic heart disease, COPD, lung cancer and
lower respiratory infections .

Both outdoor air pollution and particulate matter (a major component of air
pollution) were classified in 2013 by the International Agency for Research on
Cancer as a carcinogenic to humans (Group 1) . In addition to lung cancer,
PM2.5 is linked to kidney and bladder cancers , breast cancer  and, in
HPV-positive Honduran women exposed to wood smoke in their kitchens,
cervical cancer .

Direct route to the brain for particles < 0.2 microns

The mechanisms underlying the adverse health effects of air pollution include
systemic inflammation and oxidative stress. These mechanisms are also
involved in the pathogenesis of dementia .

Particles less than 0.2 microns can enter the brain directly via the olfactory
bulb, as demonstrated by the presence of magnetite particles in human brains

. The two major sources of PM2.5 (wood smoke and traffic PM2.5) are small
enough to enter the brain directly, because their size distributions peak at
approximately 0.1 to 0.2 microns, smaller than cigarette smoke particles, which
peaks at 0.3 to 0.4 microns .

PM2.5 reduces cognitive function

Several studies show PM2.5 pollution reduces cognitive function. In a
representative sample of 13,996 US residents over 50, PM2.5 exposure was
associated with reduced general cognitive function ; PM2.5 was also
associated with lower scores in the California Verbal Learning Test in 1496
residents in the Los Angeles Basin  and in 798 residents of the Ruhr,
Germany, PM2.5 reduced semantic memory and visuo-construction .

In Mexico, where PM2.5 averaged 6.99 (first third), 11.75 (middle third) and
20.26 μg/m  (top third of PM2.5 exposure), the effects of a 10 μg/m increase
in PM2.5 (on 7,986 adults aged at least 60 years) was highly significant and
comparable to several years of aging .

In China, particulate air pollution was reported to cause “huge reductions in
intelligence”  and that a reduction in “annual mean concentration of
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particulate matter smaller than 10 μm (PM10) to 50 μg/m  would move people
from the median to the 63rd percentile (verbal test scores) and the 58th
percentile (math test scores), respectively … air pollution likely imposes
substantial health and economic costs, considering that cognitive functioning is
critical for the elderly for both running daily errands and making high-stake
decisions” .

PM2.5 reduces brain volume

The women’s Health Initiative Memory Study (WHIMS) measured brain
volumes by structural MRI scans of 1,403 women without dementia who were
living in the community. After adjusting for intracranial volumes and potential
confounders, increased PM2.5 exposure of 3.5 ug/m  was estimated to reduce
the volume of white matter in the brain by 6.2 cm , equivalent to 1-2 years of
brain aging .

Another MRI study measured brain volumes of 943 residents of New England,
USA, finding that, for people over 60, increased PM2.5 exposure of just 2 μg/m
was associated with a 0.32% smaller total cerebral brain volume and a 46%
higher risk of covert brain infarcts, a type of silent stroke . One in six people
in Australia will be affected by stroke. It is the nation’s leading cause of
disability .

5 ug/m  increased PM2.5 exposure increased hospital admissions for
Alzheimer’s, dementia and Parkinson’s by 33-100% in studies of
millions of US residents

For 9.8 million Medicare recipients in 50 north-eastern US cities, a 5 ug/m
increase in city-wide PM2.5 exposure doubled the risk of hospital admission for
Alzheimer’s, with a 46% increase for dementia and 44% for Parkinson’s disease

. A 5 ug/m  increase in PM2.5 exposure was estimated to increase dementia
by 6.5 percentage points (33.5% of the mean, see graph, below © Bishop,
Ketcham, and Kuminoff ) in another large study of 6.9 million US residents
over 65, in which the average dementia rate in was 19% in 2013.
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Much worse for APOE 4 genotypes. The WHIMS study had information on
the genotypes of 3,647 of its participants. Exposure to PM2.5 pollution above
the US EPA standard of 12 ug/m  was found to increase the risk of all-cause
dementia respectively by 26%, 89% and 253% respectively for ε3/3, ε3/4 and
ε4/4 genotypes, the latter representing a 3.53-fold increased risk. For global
cognitive decline, the increased risks were 71%, 91% and 187% .

In the UK, dementia is now the leading cause of death across all age groups,
and genders . A report for Alzheimer’s UK suggests that about a third of
those born in 2015 will die with dementia . Estimates for the USA are similar

. Consequently, a 5 ug/m  reduction in PM2.5 exposure (which could be
achieved by tackling the two major sources of PM2.5 emissions – wood stoves
and diesel vehicles) would have profound health benefits.

Autism, brain abnormalities, behavioural problems, reduced
intellectual performance, as well as pre-term and still births

Premature births are associated with brain alterations in early adulthood .
The 18% increase in pre-term births attributed to PM2.5 exposure during
pregnancy  is therefore likely to have adverse effects on brain development.
The greatest effects appear to be for exposure during the 3  trimester. For
example, in Ohio, USA, PM2.5 pollution in the third trimester of pregnancy was
associated with a 42% increase in stillbirths  and a 28% increase in pre-
term births .
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Six studies report links between autism and PM2.5 exposure during pregnancy
(mainly the third trimester) . The risk of autism was also increased by PM1
exposure in the first 3 years of life in a study in China – an 86% increase for a
4.8 ug/m  increase (the inter-quartile range, IQR) in PM1. The effect of PM2.5
exposure was similar (79% for an IQR increase of 3.4 ug/m ) .

Structural neuroimaging and cognitive function tests shed some light on these
effects. In the Netherlands, 783 children were tested at age 6 to 10 years, after
their mothers’ PM2.5 exposure was measured during pregnancy. Those with
higher PM2.5 exposure during fetal life had thinner cortex in several brain
regions of both hemispheres (e.g. the cerebral cortex of the precuneus region in
the right hemisphere was 0.045 mm thinner). The reduced cerebral cortex in
precuneus and rostral middle frontal regions partially mediated the association
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between PM2.5 exposure and impaired inhibitory control .

Direct observations in metropolitan Mexico City from 203 consecutive autopsies
of people aged 11 months to 40 years, who died suddenly from causes not
involving the brain, provide additional evidence. Age and cumulative exposure
to PM2.5 in excess of the USEPA standard 12 ug/m  were significant predictors
of neurofibrillary tangles in the brain .

Even the 11 month old baby showed the presence of these abnormal proteins.
The principle author of the study, a world expert on the effect of air pollution on
the brain, said: “Alzheimer’s disease hallmarks start in childhood in polluted
environments, and we must implement effective preventative measures early.
It is useless to take reactive actions decades later” .

In a 2018 policy forum paper published in the journal Science, Dr. Joshua Graff
Zivin, professor at the School of Global Policy and Strategy and the Department
of Economics at the University of California San Diego, noted that "There are a
range of studies now that have shown that even a short amount of exposure to
modest levels of pollution in utero and the first year of life leads to
demonstrable impacts on intellectual performance on standardized tests in
middle school, in high school … We also find from other studies that we even
see the imprints of that exposure 30 years later on the earnings of workers. …
Those same impacts at more subtle levels simply impair our ability to do every
day tasks" .

Increasing, but limited, awareness of PM2.5 sources & health
problems

Dr Tedros Ghebreyesus, director general of the World Health Organization drew
attention to the problem, advising in October 2018 that: “exposure to air
pollution during pregnancy can damage a developing baby’s vital organs
including the brain, heart and lungs and lead to a range of conditions including
asthma, heart disease and cancers … Air pollution also negatively affects brain
develop ment during childhood, lowering children’s chances of success in school
and employment possibilities later in life” .

The Guardian discussed air pollution in November 2018: One of the biggest
surprises air pollution researchers have encountered in the last decade is the
huge impact of wood-burners on the air of western cities. “It has completely
crept under the radar,” says Gary Fuller, at King’s College London. As many as
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1.5 million stoves have been sold in the UK alone. The impact has been huge:
40% of particles in British cities are from wood burning, more than double that
from vehicles. In Dublin, wood and peat burning can cause 70% of particles”

.

Unless polluters pay the health costs, society is subsiding unhealthy pollution.
The European Environment Agency’s ‘Air Quality in Europe – 2018 report’
attributed 31,300 premature deaths in the UK to PM2.5 pollution, 9,700 to NO
pollution and 590 to O , implying that over 75% of the health costs relate to
PM2.5 exposure.

Efforts to reduce pollution have so far focussed on vehicles, e.g. an Ultra Low
Emissions Zone in Central London from April 2019. Vehicles that don’t satisfy
Euro-6 (diesels) or Euro-4 (petrol) will pay £12.50 per day.

Other major sources, such as wood stoves, are increasing, despite the fact that
a single wood stove emits more PM2.5 in a few hours than the average petrol
car in an entire year . Air pollution expert Gary Fuller commented: “even the
cleanest stove produces 8 times as much pollution as a diesel truck ... In other
words, having a neighbour with a wood burner is like having 8 trucks sitting in
your street with their engines idling all night.”  Comparative studies indicate
that wood stove pollution is at least as harmful as traffic pollution (see
Appendix 2), so the benefits of decreasing PM2.5 will be similar, irrespective of
whether it is achieved by removing 1,000 petrol cars, a few diesels without
particulate filters, or a single wood stove.

Europe encouraged diesels in the mistaken belief that it would help reduce
global warming. However, an independent evaluation concluded that, as well as
creating alarming levels of air pollution, the switch to diesels actually increased
global warming . In 2015, a former minister admitted that promoting diesels
was a mistake .

Despite expert advice that wood stoves cause more global warming than non-
polluting heating , and that even a carefully-operated wood stove burning
dry wood has estimated annual health costs of £889 in inner London (for an
average use of just 563 hours a year), there are few effective plans to address
this issue.

Health professionals can make a di�erence
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A UK Government briefing for Directors of Public Health cited a study in 2006
that found “reducing PM by 10 μg/m  would extend lifespan in the UK by 5
times more than eliminating casualties on the roads, or 3 times more than
eliminating passive smoking" .

The true benefits are likely to be much higher, given the upward revisions in
worldwide PM2.5-related deaths – from 3.2 million in 2012 to the current
estimate of 8.9 million.

Worldwide, PM pollution is estimated to reduce life expectancy by 1.8 years
compared to 1.6 years for smoking, 11 months for alcohol and drug use, 4.5
months for road injuries and 22 days for conflict and terrorism .

Even in developed countries, low-cost actions can yield substantial benefits,
e.g. a 28% reduction in wintertime deaths from respiratory disease and 20%
reduction in cardiovascular disease deaths from a 40% reduction in PM2.5
pollution achieved by reducing wood smoke in Launceston, Tasmania .

Health professionals played a vital part in discouraging smoking and creating
smoke-free areas to protect public health. Some are now taking action on air
pollution, e.g. the UK Health Alliance on Climate Change (which represents
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major medical bodies including the Royal College of Nursing, the British Medical
Association and the BMJ) called on the UK government in November 2018 to
introduce a new clean air act .

The recent and increasingly convincing research linking air pollution to many
harmful effects, including damage to brains (especially for APOE 4 genotypes),
as well as the hearts and lungs of adults, children and babies, should reinforce
this message and the need for continued action.

By advocating for comprehensive strategies to reduce air pollution, starting with
the most significant and harmful sources, health professionals could make a
real difference. Greater health benefits would be achieved in terms of increased
life expectancy, according to the UK research, than eliminating passive smoking
or motor vehicle traffic accidents.

About Dr Dorothy L Robinson, PhD
Dorothy L Robinson, PhD, BSc is a
statistician/geneticist with interests in public health,
epidemiology and the benefits of promoting health and
preventing illness compared to the costs. She
graduated with first class honours in mathematics from
the University of Aberdeen and was awarded a PhD
from the University of New England.

Dorothy has published several peer-reviewed research
papers on the safety and health benefits of cycling for
transport and on air pollution and health.

Appendix 1: no safe level of PM2.5 pollution – why have guidelines?

Setting guidelines when there’s no safe level of PM2.5 pollution requires careful
consideration of costs and benefits. The WHO guidelines (annual average of 10
ug/m , maximum 24-hour average of 25 ug/m ) are a good start because more
than 90% of the world’s population lives in places that don’t comply with them

.

However more should be done when the benefits of cleaning up the air exceed
the costs, essentially the justification for the stricter PM2.5 standards in
Australia of 8 ug/m  (annual average) and 25 ug/m  (24-hour maximum),
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reducing to 7 ug/m  (annual average) and 20 ug/m  in 2025 .

The EEC is an interesting aberration – health costs were not fully considered
when standards were set, resulting in considerable confusion; PM2.5 levels
above WHO guidelines that cause significant health damage can still comply
with current EEC standards, while NO  levels that cause many fewer premature
deaths can exceed them .

To achieve the greatest public health gains, health professionals and other
lobbyists should use relevant information on costs and benefits to recommend
strategies that achieve maximum benefits for the available resources.

Appendix 2: the major PM2.5 source – wood smoke – as harmful as
tra�c pollution

Some studies have compared the health damage of PM2.5 from wood heating
with traffic pollution. Independent effects of traffic and woodsmoke PM2.5
pollution on dementia were estimated in northern Sweden. Although the
estimates had large standard errors, proportionately more PM2.5 came from
wood stoves than traffic. A 1 ug/m  increase in woodsmoke PM2.5 exposure
was associated with a 55% increase in the risk of dementia, compared to a
14% increase for traffic PM2.5 .

In Canada, for the 65+ age group, heart attacks increased by 19% for a
modest 5 ug/m  increase in 3-day mean PM2.5 pollution, noting "the
association was stronger when more of the air pollution came from wood
burning” .

The 19% increase in heart attacks in the Canadian study is remarkably similar
to the findings of Tasmanian researchers that hospital admissions for heart
failure (HF, the leading cause of hospitalisation for adults aged over 65 years)
started to increase as soon as woodsmoke PM2.5 exceeded 4 ug/m , with a 5
ug/m  increase in 3-day mean PM2.5 pollution increasing the risk by 13.5%

. The vast majority of PM2.5 pollution in Tasmania originates from
woodsmoke, so it was not possible to determine the effect of traffic.

For lung conditions: "In the limited amount of studies that have been done so
far that have directly compared smoke from fires with the same level of
particulates and smoke from car exhaust, industry have all tended to show that
the effects from the wood smoke are actually worse for lung conditions than a
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similar amount from, say, car exhausts" .

In the UK, woodsmoke is now the major source of urban PM2.5 pollution.
Despite only 7.5% of households using wood for some of their heating ,
domestic wood combustion accounts for 2.7 times as many PM2.5 emissions in
the UK as all road traffic – trucks, buses, cars and motorbikes . In Sydney,
wood is used as the main form of heating by less than 5% of households, but it
is responsible for 25% of pollution-related premature deaths .
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