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Abstr act
A strong epidemiological association has been revealed
between air pollution and the occurrence of cardiovascular
disease (CVD). Deleterious consequences of such pollution,
including myocardial infarction and coronary ischaemia,
have occurred after both acute as well as chronic exposure
to air pollution. The causal pathophysiological mechanisms
through which these effects occur have not been identified
but potential pathways include endothelial dysfunction
and systemic reactions such as inflammation and oxidative
stress. Because of increasing urbanisation and associated
anthropogenic activities, air pollution is considered an
important topic in public health and it remains challenging
to translate these epidemiological observations into clinical
consequences and guidelines. Nevertheless, for the high
cardiovascular risk population, air pollution might have
direct clinical relevance. In the future, more knowledge
is required about the absolute risk of air pollution in
specific high-risk populations and the pathophysiological
mechanisms behind this relationship.

between air pollution and the development of cardiovascular
disease, pulmonary cancer and chronic obstructive
pulmonary diseases.2-4 In line with these observations, the
World Health Organisation (WHO) estimated that each
year approximately 800,000 people die prematurely which
could be attributed to air pollution worldwide.5 Air pollution
is thought to predominantly exacerbate cardiopulmonary
disease that causes death. Dutch national authorities estimate
that 2300 to 3500 individuals a year will exhibit premature
all-cause mortality due to fine particles. In case of long-term
exposure, these effects are even more pronounced with a
one-year life reduction for 18,000 individuals.6 Against this
background, various epidemiological studies have shown that
increased levels of air pollution could augment cardiovascular
morbidity and mortality due to ischaemic events, more
frequent hospitalisations, worsening of heart failure and
(ventricular) arrhythmias and that these effects occur both
due to daily changes in air pollutant levels as well as due to
lifetime exposure.7
If air pollution has indeed become a relevant factor in the
occurrence of cardiovascular disease, this should have
worldwide consequences. Progressive dense urbanisation of
distinctive regions is emerging globally with a concomitant
increase in cardiovascular morbidity and mortality. This is
also true for the urban regions on the African continent.8
With this review, we aim to give an outline of current
knowledge with regard to the relationship between air
pollution and cardiovascular disease.

K ey wor ds
Air pollution, atherosclerosis, cardiovascular

I n t r o d uc t i o n
Cardiovascular disease remains the principle cause of
morbidity and mortality in Western countries as well as in
the developing world. In the Netherlands, cardiovascular
disease causes more than 40,000 deaths each year.1 In
addition to well-established risk factors (such as dyslipidaemia
and hypertension), exposure to air pollution has attracted a
lot of attention in the media for its relationship with coronary
ischaemia. A number of reports have noted associations

Th e h i s t o r y o f a i r p o l l u t i o n
a n d c a r d i o v a s cu l a r d i s e a s e
The fact that air pollution could negatively affect human
health is not just a current observation. In the past, various
events have provided the first observations that air pollution
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might have harmful effects on human health. The most
well-known example is the impressive London fog episode
in 1952 ( figure 1). Between 5 and 9 December, an unusual
dense fog covered the London area for four days. This was
probably due to burning of large quantities of coal because
of low temperatures combined with a diminished dispersing
into the atmosphere of combustion products. Because of
the subsequent high levels of atmospheric pollutants, about
4000 people died in the next two weeks as a consequence of
both pulmonary and cardiovascular causes.9 Similar events
also occurred elsewhere. For example, in 1930, in the Meuse
Valley in Belgium, one of the heaviest industrialised areas
of that time, a period of severe fog led to a high prevalence
of respiratory symptoms, retrosternal pain and early death
among the population of the valley. A total of 60 deaths in
the following three days were attributed to the fog and the
subsequent marked rise in atmospheric pollutants.10 These
two different episodes became an important inspiration to
execute additional studies into this phenomenon.

obstructive pulmonary disease and pulmonary cancer.
In the next paragraph we will focus on the cardiovascular
effects of air pollution. Furthermore, we will limit our
discussion to recently published studies on this topic with
a special attention to the Western European region.
Short-term exposure
Several studies have shown a strong association between
acute exposure to high levels of air pollution and the
occurrence of acute coronary ischaemia. Within this
perspective, short-term exposure refers to a few hours’
exposure to high levels of air pollution, for instance a day
with bad air quality day or a walk near a busy road.
Short-term exposure to various air pollutants could trigger
the onset of ischaemic events. For instance, Peters et al.
showed that exposure to high levels of PM2.5 (particulate
matter with diameter <2.5 μm) as well as a high traffic
volume for only one or two hours could trigger the onset
of a myocardial infarction.11,12 In a study by Mills et al.,
20 male patients with a prior myocardial infarction
were exposed to either dilute diesel exhaust (particulate
matter 300 μg/m3) or filtered air in a controlled exposure
chamber, while performing moderate exercise.13 Heart
rate increased equally during exercise in both groups.
However, in the diesel-exposed group they documented
significantly more ischaemic burden (defined as the depth
multiplied by the duration of ST-segment depressions
on 12-lead ECGs). The exposure in this study of 300 μg
is not exceptional since concentrations of particulate
matter can reach this level in heavy traffic, in occupational
settings or in large cities. Within the Netherlands, the
maximum peak levels of particulate matter that are
measured by air quality stations are about 120 μg/m3.
However, it is noteworthy that this peak level is a mean
concentration over 24 hours. To translate this condition to
that measured in the Mills’ study one may assume that a
one-hour exposure to 300 μg/m3 will increase your 24 hour
accumulated exposure by only 12.5 μg/m3. Of importance,
the day-to-day variation of particulate matter levels can vary
between 10 and 15 μg/m3 on ordinary days. Thus, within
this perspective, one hour exposure to 300 μg/m3 (Mills’
study) is not excessively high, but apparently sufficient to
induce coronary ischaemia.13
In addition to morbidity, short-term exposure is also
associated with cardiovascular mortality. In the Air
Pollution and Health: a European Approach 2 (APHEA2),
a large European time-series study in 29 cities, the
authors showed that each 10 μg/m3 increase of PM10
(particulate matter with diameter <10 μm) concentration
was associated with an increase in non-accidental mortality
of 0.68% (95% confidence interval [CI] 0.6 to 0.8%).14
Differentiation in cause-specific mortality showed an
increase of 0.76% (95% CI 0.47 to 1.05%) in cardiovascular
deaths and 0.58% (95% CI 0.21 to 0.95%) in respiratory

Figure 1. The London fog 1952
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A four-day episode of severe fog led to increased levels of
atmospheric pollutants and a subsequent rise in mortality during
these days in London in 1952.
Source: http://www.ace.mmu.ac.uk/Resources/Fact_Sheets/Key_
Stage_4/Air_Pollution/images/03a.jpg.

Air pollution and
c a r d i o v a s cu l a r d i s e a s e
Exposure to air pollution has been associated with several
adverse effects on human health including chronic
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Table 1. Air quality limit values in the European region

deaths for each 10 μg/m3 increase in PM10 concentration.15
In the Dutch region, PM10 levels are acknowledged to have
a day-to-day and inter-regional variation of up to 20 μg/m3
and this increase in PM10 levels may indeed contribute to
differences in morbidity and mortality rates.

PM10
PM2.5

Current
Daily
Annual
40 μg/m3
50 μg/m3*
-

2015-2020
Daily
Annual
50 μg/m3*
40 μg/m3
25 μg/m3

*
Allowed to exceed on 35 days per year. Current and future daily
and annual limit values as estimated by the European Union for
particulate matter. Exceedence of daily limit value for PM10 is
allowed on 35 days per year with an annual limit value of 40 mg/m3.
In the current values there is no limit set for PM2.5.

Long-term exposure
Not only short-term exposure but also chronic exposure
could effect the development of cardiovascular disease.
Within this perspective, chronic exposure refers, for
instance, to subjects who lived for months or years near
heavy traffic roads or in areas with enduring high levels of
air pollution such as large cities. A German study showed
that a higher prevalence of clinically manifest CVD was
present in those subjects who lived within 150 metres of a
major road.16 After adjusting for background air pollution
and other conventional cardiovascular risk factors, the
relative risk of future CVD was 1.85 (95% CI 1.21 to 2.84).
In support of these epidemiological observations, people
who live near a major road displayed more coronary artery
calcifications: living within 50 metres, 51 to 100 metres
and 101 to 200 metres was associated with odd ratios
of 1.63 (95% CI 1.14 to 2.33), 1.34 (95% CI 1.00 to 1.79),
and 1.08 (95% CI 0.85 to 1.39), respectively, for marked
coronary artery calcification (defined as more than the 75th
percentile for age and gender assessed by electron-beam
computed tomography).17 In addition to cardiovascular
morbidity, long-term exposure to air pollution is also
associated with cardiovascular mortality. A large Dutch
cohort study showed that living near a major road (within
100 metres of a freeway or within 50 metres of a major
urban road) was related to total mortality (relative risk
1.41, 95% CI 0.94 to 2.12) and an even more significant
relationship was found with cardiopulmonary mortality
(relative risk 1.95, 95% CI 1.09 to 3.52).18 Noteworthy,
positive associations between background concentrations
of air pollution and mortality were less pronounced
than those for traffic-related air pollution and mortality
indicating that traffic per se might be an important source
of the occurrence of harmful health effects.

frequently surpassed in almost all large European cities,
including the Dutch.
Recent analyses have identified harmful environments
with regard to air pollution densities. In heavy traffic,
occupational settings and in the world’s largest cities,
particulate matter levels up to 400 μg/m3 have been
documented.19 Due to dense urbanisation, larger areas in
the Netherlands, Belgium, Germany and Italy will suffer
from higher levels of air pollution than areas in other parts
of Europe. In most regions in the Netherlands, limits of air
quality raise frequently with PM10 (particulate matter with
diameter <10 μm) peak levels above 100 μg/m3.20
Interesting in the dilemma of air pollution is the aspect
of its crossing of national borders. For instance, in the
Netherlands, 30% of all airborne fine particles find their
origin in nature (e.g. sea salt, soil dust), whereas 20%
consist of anthropogenic origin that is generated in our
own region (e.g. industries, refineries, agriculture). The
remaining 50% have a foreign anthropogenic origin.21
Only intensive international collaboration could therefore
result in significant improvements in air quality and, as a
consequence, health.
Furthermore, air pollution concentrations and the
contribution of different sources can differ between
different seasons; in the Dutch region, elevated particulate
matter concentrations have been found in the winter,
probably due to an increased contribution from traffic. In
contrary, higher sulphate levels have been measured in
the summer, because sulphate originates from oxidation
of SO3 by a photochemical process. Also, most days with
severe smog (O3 >240 μg/m3) have been recorded on
summer days with a temperature of more than 25°C.22
These observations are of special interest because in
areas with high urbanised regions (for instance in the
Netherlands), the average level of ambient air particles
(as part of background pollution) is equally spread with
only small variations with regard to different isolines. As
a consequence, air samples taken from sites near a high
volume traffic road most accurately reflect the long-term
exposure to air pollution for an individual in that area
( figure 2).

Air pollution in the
Netherlands
Although air quality in general has improved significantly
over the past few decades,19 harmful effects on human
health (with major manifestations for lung and
cardiovascular disease) have also been reported under
current air pollution levels. With the aim to reduce those
negative health effects, several initiatives under the aegis
of the European Union were launched to set limit levels
for distinctive components from which air pollution
is composed (table 1). Nevertheless, upper limits are
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Figure 2. Background and traffic-related air pollution concentrations in the Netherlands
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Biological effects of air
pollution

What are the lessons for
clinical pr actice?

In order to explain these long- and short-term
epidemiological observations regarding the relationship
between air pollution and cardiovascular morbidity and
mortality, the pathophysiology has not been elucidated as
of yet. Potential mechanisms include increased oxidative
stress, systemic inflammation, endothelial dysfunction,
pro-atherothrombosis, hypertension and autonomic
dysfunction.23-27 Despite these numerous mechanisms, one
may assume a different mechanism for the harmful biological
effects of acute versus chronic exposure. Short-term exposure
especially exerts endothelium-mediated processes (such as
impaired vasodilatation and more coronary vasoconstriction)
and an increase of sympathicotonus.26 In healthy volunteers,
these effects persist until 24 hours after exposure.28 In
long-term conditions systemic responses (e.g. oxidative stress,
hypertension, inflammation) are more dominant.

Despite the strong relationship between acute and chronic
air pollution levels and the occurrence of cardiovascular
morbidity and mortality,31 a major question remains as to
the extent to which air pollution can account for significant
changes in clinical conditions.
Nowadays, the estimated risk of cardiovascular disease for
patients without previous CVD is based upon the presence
of conventional risk factors including sex, age, smoking
and systolic blood pressure.32 In the near future, we should
define to what extent air pollution adds to this individual
cardiovascular risk profile and its ranking among the more
conventional risk factors. From actual knowledge, it is
plausible that a high exposure to air pollution might have
an exaggerated effect on the development of complicated
cardiovascular disease in those patients in whom one or
more conventional risk factors are present or in those with
previous CVD. Whether air pollution potentiates residual
cardiovascular risk or has a positive interaction with
conventional risk factors is not thoroughly elucidated yet.

It is unknown whether systemic effects of air pollution
could be explained by pulmonary inflammation or by
translocation of specific air borne particles from the alveolar
space into the circulation.29 In case of the last option,
airborne particles could be part of micellar structures
(lipophilic compounds), while hydrophilic airborne
compounds circulate in aqueous solution. Currently, we
are evaluating whether lipophilic airborne structures could
be carried by large lipoproteins, such as chylomicrons and
VLDL, and whether these loaded lipid particles could be
deposited in the vessel wall with subsequent generation of
atherogenic cascades (Trojan horse hypothesis).30

Several clinical and epidemiological observations showed
that the effects of air pollution might be more pronounced
in patients with coronary artery disease, congestive heart
failure or respiratory disease.13,33 For instance, a recent
observation in 12,865 North-American patients after a
previous cardiac catheterisation showed that an increase
of 10 μg PM2.5 per cubic metre was associated with a 4.5%
(CI 1.1 to 8.0) increased risk on acute ischaemic coronary
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events.34 Interestingly in their analysis was the fact that
the most significant associations were found for that PM2.5
exposure on concurrent and previous day, indicating a
per acute effect of ambient fine particulate pollution on
the presentation of ischaemic heart disease in patients
with existing coronary heart disease. That study and a
supportive one11 convincingly show that a 10 to 25 μg/m3
increase in PM2.5 particles could be defined as a high-risk
environment for patients after a (recent) coronary event
or those with an increased cardiovascular risk profile.
Indeed, the time subjects spent in their cars, on public
transportation, or on their motorcycles or their bicycles was
consistently linked with an increased myocardial infarction
risk (onset of myocardial infarction one hour later) in
patients who are susceptible for coronary heart disease.12
In line with these observations, we recommend avoidance
of environmental conditions in which an increase of 10
to 25 μm in PM2.5 per cubic metre can be expected by
regional weather forecasts for especially those patients
after a (recent) ischaemic coronary event or those with an
increased cardiovascular risk profile.

hand) smokers, urban regions at the African continent
had higher numbers for cardiovascular disease compared
with their rural regions and living in a natural (green)
environment decreased all-cause mortality, including
from cardiovascular causes.36 Finally, a recent analysis
based on the correlation between reductions in particulate
air pollution over the past few decades and increased life
expectance in 217 counties in 51 metropolitan areas in
the United States showed that a decrease of PM2.5 of 10
μg/m3 is associated with an increase in life expectancy of
0.61 (±0.20) year representing 15% of the overall increase
in life expectancy in the study areas. These results were
constant after adjustment for changes in socioeconomic,
demographic, and smoking patterns over the same period.37
Similar reductions in life expectancy have been estimated
for the Netherlands38 and these findings underline the
importance of air pollution on human health.

Conclusion
Air pollution is an ecological and social dilemma in the
Western world. In earlier times, several social movements,
backed up by medical doctors, realised a change in
environmental factors with, subsequently, a dramatic
reduction in infectious disease. Currently, similar actions
are required with regard to air pollution.

Discouraging these patients to travel outside in case of
significant levels of air pollution or spending time in
urban regions with a high dense fine particulate matter
level in certain seasons (for instance the Athens region
during summer time) will have several consequences for
the clinical physicians and their advice for healthcarerelated organisations. More initiatives concerning education
should be developed for practising physicians to make
them more aware of these associations, so they can advise
their patients in creating the optimal living conditions.
Complementary efforts should be expected from local and
national governments with realisation of estate projects
and measurements for appropriate inner house air quality.
To support these last remarks, a Swedish study recently
revealed these hazardous situations; increased levels of
PM10 in a preceding two-hour exposure period gives rise to
more ventricular arrhythmias in patients carrying an ICD.35
Indeed, Berglind and colleagues have just published the
results from a European multicentre study which showed
that increased ambient air pollution was related with
increased daily mortality in survivors from a myocardial
infarction.31 Of subsequent interest is whether patients with
a specific profile (prone to develop ventricular arrhythmias
for instance, first weeks after MI or in the presence of
unstable angina), presence of certain weather conditions,
living in the proximity of a road or being female with an
age >60 years should be advised to change environment
for a stay in a health resort for a certain period of time.
Comparable beneficial effects on cardiovascular health
have previously been attained in other conditions linked
to air pollution; partners who stopped smoking reduced
cardiovascular morbidity and mortality in passive (second

Ack n o w l e d g e m e n t
The authors thank Dr Ir G. Hoek for his contribution and
discussions in this project. Dr M. Twickler is supported
by a grant from the Netherlands Organisation of Science
(NWO ZonMW).

References
1.

Centraal Bureau voor de Statistiek. www cbs nl 2008 [cited 2008 Dec 2].

2.

Brunekreef B, Holgate ST. Air pollution and health. Lancet.
2002;360(9341):1233-42.

3.

Brook RD, Franklin B, Cascio W, et al. Air pollution and cardiovascular
disease: a statement for healthcare professionals from the Expert Panel
on Population and Prevention Science of the American Heart Association.
Circulation. 2004;109(21):2655-71.

4.

Pope CA, III, Dockery DW. Health effects of fine particulate air pollution:
lines that connect. J Air Waste Manag Assoc. 2006;56(6):709-42.

5.

Geneva:World Health Organization. The world health report 2002 reducing risks, promoting healthy life. http://www who int/whr/2002/en/
2008 October 8.

6.

MNP. Fijn stof nader bekeken De stand van zaken in het dossier fijn stof.
MNP rapport 500037008. 2005.

7.

Hoek G, Brunekreef B, Fischer P, van Wijnen J. The association between
air pollution and heart failure, arrhythmia, embolism, thrombosis, and
other cardiovascular causes of death in a time series study. Epidemiology.
2001;12(3):355-7.

Hassing, et al. Air pollution as noxious environmental factor in cardiovascular disease.
april 2009, Vol. 67, No. 4

120

8.

Yusuf S, Hawken S, Ounpuu S, et al. Effect of potentially modifiable
risk factors associated with myocardial infarction in 52 countries (the
INTERHEART study): case-control study. Lancet. 2004;364(9438):937-52.

24. Li XY, Gilmour PS, Donaldson K, MacNee W. Free radical activity and
pro-inflammatory effects of particulate air pollution (PM10) in vivo and
in vitro. Thorax. 1996;51(12):1216-22.

9. Logan WP. Mortality in the London fog incident, 1952. Lancet.
1953;1(7):336-8.

25. Donaldson K, Mills N, MacNee W, Robinson S, Newby D. Role of
inflammation in cardiopulmonary health effects of PM. Toxicol Appl
Pharmacol. 2005;207(2 Suppl):483-8.

10. Nemery B, Hoet PH, Nemmar A. The Meuse Valley fog of 1930: an air
pollution disaster. Lancet. 2001;357(9257):704-8.

26. Mills NL, Tornqvist H, Robinson SD, et al. Diesel exhaust inhalation
causes vascular dysfunction and impaired endogenous fibrinolysis.
Circulation. 2005;112(25):3930-6.

11. Peters A, Dockery DW, Muller JE, Mittleman MA. Increased particulate
air pollution and the triggering of myocardial infarction. Circulation.
2001;103(23):2810-5.

27. Lucking AJ, Lundback M, Mills NL, et al. Diesel exhaust inhalation
increases thrombus formation in man. Eur Heart J. 2008;29:3043-51.

12. Peters A, von Klot S, Heier M, Trentinaglia I, et al. Exposure to traffic and
the onset of myocardial infarction. N Engl J Med. 2004;351(17):1721-30.

28. Tornqvist H, Mills NL, Gonzalez M, et al. Persistent endothelial
dysfunction in humans after diesel exhaust inhalation. Am J Respir Crit
Care Med. 2007;176(4):395-400.

13. Mills NL, Tornqvist H, Gonzalez MC, et al. Ischemic and thrombotic
effects of dilute diesel-exhaust inhalation in men with coronary heart
disease. N Engl J Med. 2007;357(11):1075-82.

29. Moller W, Felten K, Sommerer K, et al. Deposition, retention, and
translocation of ultrafine particles from the central airways and lung
periphery. Am J Respir Crit Care Med. 2008;177(4):426-32.

14. Katsouyanni K, Touloumi G, Samoli E, et al. Confounding and effect
modification in the short-term effects of ambient particles on total
mortality: results from 29 European cities within the APHEA2 project.
Epidemiology. 2001;12(5):521-31.

30. Twickler M, linga-Thie G, Cramer MJ. Trojan horse hypothesis:
inhaled airborne particles, lipid bullets, and atherogenesis. JAMA.
2006;295(20):2354-5.

15. Analitis A, Katsouyanni K, Dimakopoulou K, et al. Short-term effects
of ambient particles on cardiovascular and respiratory mortality.
Epidemiology. 2006;17(2):230-3.

31. Berglind N, Bellander T, Forastiere F, et al. Ambient air pollution and
daily mortality among survivors of myocardial infarction. Epidemiology.
2009;20(1):110-8.

16. Hoffmann B, Moebus S, Stang A, et al. Residence close to high traffic and
prevalence of coronary heart disease. Eur Heart J. 2006;27(22):2696-702.

32. Smulders YM, Burgers JS, Scheltens T, van Hout BA, Wiersma T, Simoons
ML. Clinical practice guideline for cardiovascular risk management in the
Netherlands. Neth J Med. 2008;66(4):169-74.

17. Hoffmann B, Moebus S, Mohlenkamp S, et al. Residential exposure
to traffic is associated with coronary atherosclerosis. Circulation.
2007;116:489-96.

33. Goldberg MS, Burnett RT, Bailar JC III, et al. Identification of persons
with cardiorespiratory conditions who are at risk of dying from the acute
effects of ambient air particles. Environ Health Perspect. 2001;109(Suppl
4):487-94.

18. Hoek G, Brunekreef B, Goldbohm S, Fischer P, van den Brandt PA.
Association between mortality and indicators of traffic-related air pollution
in the Netherlands: a cohort study. Lancet. 2002;360(9341):1203-9.
19. Molina MJ, Molina LT. Megacities and atmospheric pollution. J Air Waste
Manag Assoc. 2004;54(6):644-80.

34. Pope CA, III, Muhlestein JB, May HT, Renlund DG, Anderson JL, Horne
BD. Ischemic heart disease events triggered by short-term exposure to
fine particulate air pollution. Circulation. 2006;114(23):2443-8.

20. Fischer PH, Ameling CB, Marra M. Air pollution and daily mortality in The
Netherlands over the period 1992-2002. RIVM report 630400002. 2008.

35. Ljungman PL, Berglind N, Holmgren C, et al. Rapid effects of air pollution
on ventricular arrhythmias. Eur Heart J. 2008;29(23):2894-901.

21. Matthijsen J, ten Brink HM. PM2.5 in the Netherlands. Consequences of
the new European air quality standards. RIVM report. 2008.

36. Mitchell R, Popham F. Effect of exposure to natural environment
on health inequalities: an observational population study. Lancet.
2008;372(9650):1655-60.

22. Bloemen HJTh, Mooibroek D, Cassee FR, van Putten EM. Composition
and sources of fine particulate matter (PM2.5) in the Netherlands. RIVM
report 863001007. 2008.

37. Pope CA, III, Ezzati M, Dockery DW. Fine-particulate air pollution and life
expectancy in the United States. N Engl J Med. 2009;360(4):376-86.

23. Bhatnagar A. Environmental cardiology: studying mechanistic links
between pollution and heart disease. Circ Res. 2006;99(7):692-705.

38. Brunekreef B. Air pollution and life expectancy: is there a relation? Occup
Environ Med. 1997;54(11):781-4.

Hassing, et al. Air pollution as noxious environmental factor in cardiovascular disease.
april 2009, Vol. 67, No. 4

121

