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Air pollution and its cardiovascular and other risks

Urban air can be highly polluted, mainly with the
debris of road traffic exhaust: particulate matter
(PM) and various toxic gases. Air pollution has
been primarily linked to respiratory disease, but
recent studies have shown that it is also associated
with cardiovascular disease, congenital cardiac
anomalies [1], cancer and diseases of the central
nervous system, including Alzheimer’s, Parkinson’s
and stroke, indicating that pollutants are capable
of crossing the blood–brain barrier [2]. Many of
these conditions are also associated with low socio-economic status, possibly because more of
these individuals live closer to major roads. Even
day-to-day variations in pollution levels can affect
hospitalization or mortality rates [3], and higher
temperatures are known to exacerbate the effects
of pollution [4].

Arterial calcification is regularly studied as a surrogate for atherosclerosis development and is commonly referred to as ‘sub-clinical atherosclerosis’,
even though it generally occurs late in plaque development, is positively correlated with ageing and may
also be found in chronic kidney disease. When severe,
it causes arterial wall stiffness, limits coronary flow
reserve and compromises myocardial perfusion and
oxygen supply [12, 13] and appears to be a predictor
of cardiovascular events and mortality in its own right
[14, 15], although there is some debate over whether
a calcified atheroma makes for a more stable plaque
or whether it is more likely to rupture [16]. Furthermore, investigations have revealed that in nonrenal
patients, coronary calcification may occur not only as
calcified atheroma but may be present in the arterial
wall with minimal atheroma formation [17]. At present, there is no specific treatment for arterial calcification; statins, vasodilators and other therapies for
atherosclerosis have been largely ineffective in reducing the extent of arterial calcification and controlling
its rate of formation, despite a significant reduction in
LDL levels [18]. This raises important questions
regarding the exact pathogenesis of arterial calcification, and ongoing studies in Umea University, Sweden, may be able to shed some light on this issue [19].

Lambrechtsen et al. in this journal have made a useful contribution to the growing number of studies
showing that various forms of environmental pollution have a negative impact on cardiovascular health.
Their study shows that city centre residence, as a surrogate for urban air pollution, almost doubled the risk
of coronary artery calcification in middle-aged
asymptomatic men and women. These results concur
with those of the Heinz Nixdorf Recall (HNR) study,
which found an association between traffic exposure
and coronary artery calcification [5]. The MESA study
of coronary artery calcification, however, found no
association with traffic exposure [6], although there
was a slightly elevated risk with abdominal aortic calcification [7]. Environmental pollution has long been
known to increase the risk of arterial calcification,
with cigarette smoking, comprising high doses of particulate matter, being among the worst offenders;
both active and passive smoking are regularly found
to be associated with calcification, mainly of the aorta
[8–11].

Particulate matter, as one of the main components of exhaust fumes, is regularly linked to
various forms of cardiovascular disease, probably
via pro-inflammatory and prothrombotic pathways
because of oxidative stress which alter autonomic
function [20–22]. Long-term exposure to fine
particulate matter (PM2.5) has been associated
with prevalence of atherosclerosis [23], coronary
heart disease [24], myocardial infarction, ischaemic events [22, 25] and increased cardiovascular
and respiratory hospitalizations [26]. Diesel fumes
were also associated with increased ischaemic
heart disease [27], inflammation, thrombus formation and platelet activation, affecting vascular
and brain function [28, 29]. Experiments in mice
show that PM2.5 can induce insulin resistance
and increased visceral adiposity, both risk factors
for type 2 diabetes and hence atherosclerosis
[30]. Short-term acute exposure to particulate
matter also increased cardiac complications [31–
33].

We tend to take for granted that governments will ensure that our air and water is clean and will not adversely impact our health. The developed world has
moved on a long way from the problems of industrial
smog and domestic coal-burning of the late 19th and
early 20th centuries, to the point where our urban air
now looks clean and healthy. Unfortunately, appearances are deceiving us.
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Although less well studied, ultra-fine particles
(PM0.25), also known as nanoparticles when manufactured industrially, are proving to be of considerable concern. They incorporate reactive oxygen species and transition metals, leading to direct toxic
cardiovascular effects and ⁄ or pulmonary inflammation [25, 34, 35]. PM 0.25 are associated with increased health risk for COPD patients, with adverse
effects on the vascular endothelium, blood coagulation and heart rhythm and function. They appear to
have different access to the circulatory system than
larger particulate matter, resulting in easy distribution throughout the body and brain, with potentially
neurotoxic effects [36–38]. Essentially, the smaller
the particle size, the higher the toxicity, with increased damage because of their ability to penetrate
deeper into the airways of the respiratory tract to
reach the alveoli [39, 40].
Particulate matter is estimated to be the 13th leading
cause of mortality, with approximately 800,000 annual deaths [35], and several studies have found that
exposure increases nonaccidental, lung cancer, cardiovascular and CHD mortality [22, 27, 33]. Interestingly, mortality risk increases steeply at low exposure
levels but levels off at high exposure, indicating that
most of the disease burden occurs at low exposure
[41]; a similar result was found with cigarette smoking, indicating the complex interplay of defence and
tolerance mechanisms suggested by Peters [42]. The
American Heart Association in 2010 stated that exposure to PM 2.5 over a few hours to weeks could trigger
cardiovascular disease-related mortality and nonfatal events, while longer term exposure increases risk
for compromised survival [43].
Road traffic carries exposure to toxic chemicals as
well as particulate matter. Carbon monoxide (CO) is
perhaps one of the most toxic chemicals for the
heart, even at very low levels, as it binds with haemoglobin in the lungs to form carboxyhaemoglobin,
impairing oxygen transport, inducing hypoxia and
neurological problems and increasing cardiovascular mortality [44]. Similarly, nitrogen dioxide (NO2),
ozone (O3) and ⁄ or sulphur dioxide (SO2) have been
associated with a variety of cardiovascular conditions [31, 32, 45, 46] and increased related mortality
[47–50]. Even traffic noise can affect cardiovascular health in a dose–response relationship [51],
although several studies have found that it is the
annoyance from traffic noise, rather than the noise
itself, which is associated with hypertension [52] and
ischaemic heart disease [53].
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Those most at risk from traffic exposure are children,
the elderly and those with pre-existing cardiovascular or respiratory diseases [54, 55]. With respect to infants and young children, there is now growing evidence that exposure to environmental chemicals
during early life can interfere with adipose tissue biology, modulate gene expression, promote metabolic
syndrome and disrupt endocrine signalling pathways
and homeostatic weight controls, while lipophilic pollutants have been shown to accumulate in adipose
tissue after exposure. The effects of these chemicals,
often termed obesogens, can lead on to type 2 diabetes, cardiovascular disease and other obesity-related
conditions [56, 57].
It has been suggested that this vulnerable group
should limit exertion and time spent outdoors and to
reduce the infiltration of pollutants into indoor
spaces [55]. While on the face of it, this would appear
to be sensible advice, it confines young children to the
home and prevents heart patients from exercising,
which is strongly indicated for all forms of cardiovascular disease, and requires vulnerable individuals or
their families to purchase air filtration systems. This
is likely to prove difficult and expensive, and air filters
will almost certainly not be provided in urban
schools, hospitals and residential care homes, where
they are arguably most needed.
Yet, life expectancy improves significantly where air
pollution is controlled [20, 58] and the American
Heart Association 2010 statement deems particulate
matter a modifiable risk, with reductions in levels
being associated with decreases in cardiovascular
mortality [43]. Similarly, the adverse medical consequences of both active and passive smoking, particularly for adult cardiovascular and pulmonary disease
and childhood conditions, have reduced since the
introduction of smoking bans in public places [59,
60]. The developed world has gone a long way to reduce intake of toxic chemicals from vehicle exhausts
with bans on lead-containing petrol, but the next step
should be to ban all sources of toxic chemicals from
vehicle exhausts.
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