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Abstract
Introduction: Exposure to air pollution is associated with increased cardiovascular morbidity,
although the underlying mechanisms are unclear. Vascular dysfunction reduces arterial compliance
and increases central arterial pressure and left ventricular after-load. We determined the effect of
diesel exhaust exposure on arterial compliance using a validated non-invasive measure of arterial
stiffness.
Methods: In a double-blind randomized fashion, 12 healthy volunteers were exposed to diesel
exhaust (approximately 350 μg/m3) or filtered air for one hour during moderate exercise. Arterial
stiffness was measured using applanation tonometry at the radial artery for pulse wave analysis
(PWA), as well as at the femoral and carotid arteries for pulse wave velocity (PWV). PWA was
performed 10, 20 and 30 min, and carotid-femoral PWV 40 min, post-exposure. Augmentation
pressure (AP), augmentation index (AIx) and time to wave reflection (Tr) were calculated.
Results: Blood pressure, AP and AIx were generally low reflecting compliant arteries. In
comparison to filtered air, diesel exhaust exposure induced an increase in AP of 2.5 mmHg (p =
0.02) and in AIx of 7.8% (p = 0.01), along with a 16 ms reduction in Tr (p = 0.03), 10 minutes postexposure.
Conclusion: Acute exposure to diesel exhaust is associated with an immediate and transient
increase in arterial stiffness. This may, in part, explain the increased risk for cardiovascular disease
associated with air pollution exposure. If our findings are confirmed in larger cohorts of susceptible
populations, this simple non-invasive method of assessing arterial stiffness may become a useful
technique in measuring the impact of real world exposures to combustion derived-air pollution.
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Background
The adverse health effects of air pollution have been studied intensely over the last 50 years. Epidemiological studies
have identified a strong association between air pollution
and increased cardiovascular and respiratory morbidity and
mortality [1]. Airborne particles with a diameter of less
than 2.5 μm (PM2.5) are considered the main cause of these
adverse health effects [2]. In most countries, diesel exhaust
(DE) is a major contributor to combustion-derived PM in
urban areas [3], exposure to which appears to be an important trigger for acute myocardial infarction [4].
In recent years, there has been considerable interest and
scientific research into the mechanisms that underpin
these associations. We have recently demonstrated that
exposure to DE causes exercise-induced ST-segment
depression and impairs endogenous fibrinolytic function
in patients with stable coronary heart disease [5]. Brook
and colleagues suggest that exposure to air pollution may
result in acute arterial vasoconstriction detected by ultrasonography of the brachial artery [6]. In complementary
studies using venous occlusion plethysmography, we have
reported impaired vasodilatation in response to intraarterial infusion of endothelium-dependent and -independent agonists immediately after exposure to DE [7].
These sophisticated techniques are ideal for small scale
experimental exposure studies. However, there is a need
to develop a simple non invasive bedside test to assess the
effects of real world exposures to ambient air pollution on
vascular function in larger population studies.
The vascular endothelium plays a key role in the regulation
of arterial tone. Traditional cardiovascular risk factors are
associated with vascular dysfunction, reduced arterial compliance and increased central aortic pressure [8]. Enhanced
large artery stiffness results in greater aortic systolic pressure, increased left ventricular afterload and reduced coronary blood flow [9]. Arterial stiffness may be the central
pathological process in essential hypertension and is an
independent predictor of mortality [10]. Applanation
tonometry of the radial artery with pulse wave analysis is a
well validated non invasive method of assessing arterial
stiffness [11,12]. Smokers have been found to have stiffer
arteries compared to non-smokers and develop an additional increase in arterial stiffness shortly after smoking one
cigarette [13]. Given the similarity between cigarette smoke
and combustion-derived air pollution, we hypothesised
that exposure to DE would alter arterial tone and stiffness.
The aim of this study was to assess the effects of exposure to
diesel exhaust on arterial stiffness and blood pressure in
healthy non-smoking volunteers.

Methods
Subjects
Twelve, non smoking, healthy men (mean age 26, range
21–30) participated in the study. All subjects had normal
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lung function, and reported no symptoms of respiratory
tract infection for at least six weeks before or during the
study. Exclusion criteria were regular medication, clinical
evidence of atherosclerotic vascular disease, arrhythmias,
diabetes mellitus, hypertension, renal or hepatic failure,
asthma, occupational exposure to air pollution or an intercurrent illness. These subjects also participated in a separate
study protocol that examined the effects of diesel exhaust
exposure on thrombus formation and platelet activation;
the results of that study are reported separately [14]. The
study was approved by the local ethics committee, performed in accordance to the Declaration of Helsinki, and
with the written informed consent of all participants.
Study design
In a randomised double blind crossover study, subjects
attended on two occasions at least one week apart and
were exposed to either diesel exhaust or filtered air for 60
min. On each occasion, subjects underwent moderate
exercise on a bicycle ergometer alternated with rest at 15
minutes intervals throughout, according to a previously
described standard protocol [7]. The subjects abstained
from alcohol for 24 hours and from food, tobacco and
caffeine containing drinks for at least 4 hours before exposure. Immediately after exposure, arterial stiffness was performed with measures of pulse wave analysis (PWA) at 10,
20 and 30 minutes and pulse wave velocity (PWV) at 40
minutes after the end of exposure.
Diesel-exhaust exposure
Temperature and humidity in the chamber were controlled at 22°C and 50% respectively.

The diesel exhaust was generated from an idling Volvo diesel engine (Volvo, TD45, 4.5 L, 4 Cylinders, 680 rpm) using
Gasoil E10 (Preem, Sweden). After more than 90% of the
exhaust was shunted away, the remainder was diluted with
filtered air and fed into the exposure chamber at a steadystate concentration. Air in the chamber was continuously
monitored for pollutants with exposures standardised
using continuous measurement of oxides of nitrogen concentrations (NOx) to deliver a particulate concentration of
approximately 350 μg/m3. Exposures were carried out in
accordance to a well established protocol as previously
reported. Workload during both exposures was adjusted to
achieve the preset minute ventilation of 25 L/min/m2. We
have previously ascertained by a questionnaire that there
are no differences in reported symptoms (including those
related to the upper airways) between the diesel and filtered
air exposures and volunteers are unable to tell which exposure they have received. [15].
Arterial Stiffness
Vascular studies were performed in a quiet, temperature
controlled room with subjects resting in a supine position. Systolic and diastolic blood pressures were measured
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in duplicate using a semi automated non-invasive oscillometric sphygmomanometer, following a 10 min rest
period and at 10, 20 and 30 minutes after each exposure.
Pulse wave analysis was performed using micromanometer applanation tonometry (Millar Instruments, Texas) of
the radial artery at the wrist and the SphygmoCor™ system
(AtCor Medical, Sydney) in accordance with the manufacturer's recommendations. Briefly, pulse wave analysis
derives an aortic pulse pressure waveform from the radial
artery wave via a mathematical transfer function. The arterial pressure waveform is a composite of the forward pressure wave created by ventricular contraction and a
reflected wave generated by peripheral vascular resistance.
The augmentation pressure (AP), is the difference
between the second and first systolic peaks expressed in
mm(Hg). The augmentation index (AIx), augmentation
pressure as a percentage of the pulse pressure, is a measure
of systemic arterial stiffness and wave reflection. The time
to wave reflection (Tr) is reduced with increasing arterial
stiffness, and provides a surrogate of aortic pulse wave
velocity [16]. At least two independent waveform analyses
were obtained from each subject, with measurements
only accepted upon meeting SphygmoCor™ quality control criteria. Pulse wave velocity (PWV) was calculated by
measuring the time for the pulse wave to travel between
the carotid and femoral arteries. All measurements were
performed by a single operator blinded to the nature of
each exposure.
Statistical analysis
The results were analysed using GraphPad Prism (GraphPad Software, USA) by 2-tailed Student's t-test and a
repeated measure ANOVA where appropriate. Statistical
significance was taken at P < 0.05. Data are presented as
mean ± SEM.

Results
Between DE exposures there were small variations in particle mass (330 ± 12 μg/m3), estimated particle number

(1.26 ± 0.01 × 106/cm3), oxides of nitrogen, NOx (2.78 ±
0.03 ppm), nitrogen dioxide (0.62 ± 0.01 ppm), nitric
oxide (2.15 ± 0.03 ppm), carbon monoxide (3.08 ± 0.12
ppm) and total hydrocarbons (1.58 ± 0.16 μg/m3).
Diesel exhaust exposure did not affect heart rate or brachial diastolic and systolic blood pressure during exposure (data not shown) or throughout the study period
(Table 1). Augmentation pressure (AP) and augmentation
index (AIx) were generally low, reflecting compliant arteries in these young healthy volunteers [8]. AP and AIx
increased immediately after diesel exhaust exposure compared to filtered air (p = 0.01 and p = 0.02 respectively)
and normalised over 30 minutes (Figure 1 and figure 2).
Time to wave reflection was reduced at 10 and 20 minutes
(Table 1) consistent with an early increase in pulse wave
velocity. However, formal measurement of carotid-femoral PWV 40 minutes following exposure was not different
between exposures (5.1 ± 0.2 m/s versus 4.6 ± 0.1 m/s, P
= ns).

Discussion
Brief acute exposure to diesel exhaust is associated with a
transient increase in arterial stiffness in healthy individuals. These changes in arterial stiffness occurred in the
absence of any effect on peripheral arterial pressure. If our
findings were confirmed in larger cohorts of susceptible
populations, this simple non-invasive method of assessing arterial stiffness may become a useful technique in
measuring the impact of real world exposures to combustion-derived air pollution.
As expected in our healthy young volunteers, blood pressure was in the normal range and there was no evidence of
increased arterial stiffness following filtered air exposure.
In contrast, exposure to diesel exhaust increased the augmentation pressure by 3 mmHg and augmentation index
by 8%. Whilst these small changes are unlikely to be of
significance in healthy individuals with normal cardiovascular function, these changes would be clinically impor-

Table 1: Effects of diesel exposure on heart rate, blood pressure and markers of arterial stiffness

Air
(n = 12)
Time, mins
Heart rate, bpm
Systolic BP, mmHg
Diastolic BP, mmHg
MAP, mmHg
Augmentation pressure, mmHg
Augmentation index, %
Time to wave reflection, ms

+10
57 ± 2
118 ± 2
67 ± 2
80 ± 2
-2.3 ± 0.7
-7.0 ± 2.3
187 ± 8

+20
55 ± 2
114 ± 2
65 ± 2
78 ± 2
-2.2 ± 0.8
-7.4 ± 2.6
189 ± 11

Diesel exhaust
(n = 12)
+30
55 ± 2
115 ± 3
66 ± 2
79 ± 2
-2.5 ± 0.7
-7.9 ± 2.2
180 ± 7

+10
57 ± 2
114 ± 2
65 ± 2
79 ± 2
0.2 ± 0.9
0.8 ± 3.2
171 ± 11

+20
55 ± 2
114 ± 2
68 ± 2
81 ± 3
-1.3 ± 0.9
-3.8 ± 3.5
163 ± 9

Significance

+30
54 ± 2
115 ± 3
67 ± 3
81 ± 3
-1.8 ± 0.8
-5.8 ± 2.7
180 ± 8

P = 0.66
P = 0.26
P = 0.48
P = 0.57
P = 0.01
P = 0.02
P = 0.03

Values are Mean ± SEM;
diesel exhaust versus filtered air (repeated measures ANOVA)
BP = blood pressure; MAP = mean arterial pressure
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established hypertension or coronary artery disease, small
changes in central aortic pressure may be sufficient to trigger an acute cardiovascular event. It is interesting to note
that the effect of DE on augmentation index is of a similar
magnitude to that of smoking a single cigarette [13].

Figure
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Augmentation pressure increases immediately following exposure to dilute diesel exhaust as compared
to filtered air and is normalised over 30 minutes (P =
0.01, diesel exhaust versus filtered air, repeated
measures ANOVA, n = 12).
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Augmentation index increases immediately following
exposure to dilute diesel exhaust as compared to filtered air and is normalised over 30 minutes (P = 0.02
respectively, diesel exhaust versus filtered air,
repeated measures ANOVA, n = 12).

tant in susceptible individuals. Small increases in arterial
stiffness can result in augmentation of central aortic systolic pressures that in turn increases left ventricular afterload
and reduces diastolic coronary filling. In a patient with

To our knowledge, this is the first study to assess the
effects of diesel exhaust air pollution on arterial stiffness.
Our findings are consistent with those of Brook et al
where a 2 hour exposure to concentrated ambient particles (CAPs) and ozone resulted in acute vasoconstriction
in healthy volunteers [17]. It is entirely conceivable that
this effect of CAPs on conduit vessel function would be
associated with increased arterial stiffness and augmented
central arterial pressures. Of note, Brook and colleagues
found that exposure to CAPs caused a small but consistent
increase in diastolic blood pressure by 2 mmHg [18].
Whilst changes in arterial stiffness in our cohort were not
associated with an increase in blood pressure, this may be
due to our shorter exposure, differences in particle composition between exposures, or the absence of any appreciable quantities of ozone in DE. Moreover, a recent field
study revealed increased arterial stiffness following exposure to welding fumes [19]. Taken together, these studies
underpin the findings in the present study.
A number of hypotheses have been presented to explain
the mechanisms responsible for the adverse effects of PM
on endothelial function and vasomotor tone [20]. Inhalation of PM causes oxidative stress in the airways and
induces inflammatory response with upregulation of oxidative stress-sensitive pathways [20,21]. Oxidative stress
triggers an acute inflammatory reaction locally in the airways with the potential to upregulate systemic inflammatory processes. Acute systemic inflammation has adverse
effects on endothelial vasomotor function and increases
arterial stiffness [21]. Whilst we did not measure oxidative
stress or systemic inflammation in our current study, we
have previously demonstrated that a similar DE exposure
modifies airway antioxidants [15] and increases interleukin-6 and tumour necrosis factor-alpha concentrations
in plasma [22]. Vascular tone is intimately regulated by
the balance between reactive oxidant species and nitric
oxide. Interestingly, there are reports in preclinical studies
of nanoparticle translocation from the airways into the
blood stream [23,24] with the possibility of a direct oxidative effect of PM on vascular function. Alternatively,
oxidative stress may cause acute release of endothelin-1
from either pulmonary or systemic vascular endothelium
[25]. Endothelin-1 is a potent vasoconstrictor that has
been associated with both hypertension [26] and arterial
stiffness [27] and further research into the impact of DE
exposure on the endothelin system is anticipated.
Pulse wave analysis to measure arterial stiffness is a simple
inexpensive and non-invasive bedside technique that
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allows repeated measures to determine the kinetics of air
pollution-induced vascular dysfunction. Where plethysmography provides detailed characterisation of vascular
mechanisms, it is time consuming, invasive, and cannot
be used to assess acute or transient effects of exposure on
vascular function. It is also not suitable for populationbased studies.

rial function and provides insight into the association
between air pollution and increased cardiovascular morbidity. If our findings are confirmed in larger cohorts of
susceptible populations, this simple non-invasive method
of assessing arterial stiffness may become a useful technique in measuring the impact of real world exposures to
combustion-derived air pollution.

Our studies to date have been based on carefully controlled exposures to diesel exhaust to avoid the potential for
confounding that exists in observational studies. We
believe this model is highly relevant both in the composition and magnitude of exposure for the assessment of
short-term health effects in man. PM concentrations can
regularly reach levels of 300 μg/m3 and above in heavy
traffic, occupational settings, and in the world's largest cities [28]. Exposure to 300 μg/m3 for one hour increases a
person's average exposure over a 24-hour period by only
12 μg/m3. Changes of this magnitude occur on a daily
basis even in the least polluted cities, and are associated
with increases in cardiorespiratory mortality [29].

Competing interests

Whilst we report transient changes in arterial stiffness as
indicated by an increase in AP, AIx and a reduction in the
time to wave reflection, we did not find any effect of exposure on PWV. This is perhaps not surprising as we measured PWV at 40 min; a time point where AP and AIx had
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Conclusion
Brief exposure to diesel exhaust is associated with a transient increase in arterial stiffness in healthy individuals.
This suggests that exposure to diesel exhaust impairs arte-

The authors declare that they have no competing interests.

Authors' contributions
AB, NM, KD, TS and DN coordinated and were responsible for the planning of the study. ML, AL and SB were
responsible for the diesel exhaust exposures. ML carried
out the arterial stiffness measurements. ML and NM analysed data and performed statistical analysis. The manuscript was written by ML, NM and AB and then read,
corrected and approved by all authors.

Acknowledgements
This work was supported by British Heart Foundation Project (PG/04/131)
and Programme (PG/05/003) Grants; a Small Project grant from the
National Health Service Research and Development Fund; the Swedish
Heart-Lung Foundation; the Swedish Research Council for Environment,
Agricultural Sciences, and Spatial Planning (FORMAS); Front Research; the
County Council of Västerbotten; and the Swedish National Air Pollution
Programme. We thank Frida Holmström, Annika Johansson, Maj-Cari
Ledin, Jamshid Pourazar, and all the staff in the Departments of Respiratory
Medicine/Allergy and the Clinical Research Facility, University Hospital,
Umeå; Finny Patterson, Laura Flint and all the staff at the Wellcome Trust
Clinical Research Facility, Edinburgh. Dr Blomberg is the holder of the distinguished Lars Werkö Research fellowship from the Swedish Heart-Lung
Foundation.

References
1.

2.
3.

4.
5.

6.

7.

Dockery DW, Pope CA, Xu XP, Spengler JD, Ware JH, Fay ME, Ferris
BG, Speizer FE: An association between air-pollution and mortality in 6 united-states cities. New England Journal Of Medicine
1993, 329:1753-1759.
Laden F, Neas LM, Dockery DW, Schwartz J: Association of fine
particulate matter from different sources with daily mortality in six U.S. cities. EnvironHealth Perspect 2000, 108:941-947.
Charron A, Harrison RM: Fine (PM2.5) and Coarse (PM2.5-10)
Particulate Matter on A Heavily Trafficked London Highway: Sources and Processes.
Environ Sci Technol 2005,
39:7768-7776.
Peters A, Dockery DW, Muller JE, Mittleman MA: Increased particulate air pollution and the triggering of myocardial infarction. Circulation 2001, 103:2810-2815.
Mills NL, Tornqvist H, Gonzalez MC, Vink E, Robinson SD, Soderberg
S, Boon NA, Donaldson K, Sandstrom T, Blomberg A, Newby DE:
Ischemic and Thrombotic Effects of Dilute Diesel-Exhaust
Inhalation in Men with Coronary Heart Disease. N Engl J Med
2007, 357:1075-1082.
Brook RD, Brook JR, Urch B, Vincent R, Rajagopalan S, Silverman F:
Inhalation of Fine Particulate Air Pollution and Ozone
Causes Acute Arterial Vasoconstriction in Healthy Adults.
Circulation 2002, 105:1534-1536.
Mills NL, Tornqvist H, Robinson SD, Gonzalez M, Darnley K, MacNee
W, Boon NA, Donaldson K, Blomberg A, Sandstrom T, Newby DE:
Diesel Exhaust Inhalation Causes Vascular Dysfunction and
Impaired Endogenous Fibrinolysis.
Circulation 2005,
112:3930-3936.

Page 5 of 6
(page number not for citation purposes)

Particle and Fibre Toxicology 2009, 6:7

8.

9.
10.

11.

12.

13.
14.

15.

16.

17.
18.

19.
20.

21.

22.

23.

24.

25.

26.

McEniery CM, Yasmin , Hall IR, Qasem A, Wilkinson IB, Cockcroft JR:
Normal Vascular Aging: Differential Effects on Wave Reflection and Aortic Pulse Wave Velocity: The Anglo-Cardiff Collaborative Trial (ACCT). Journal of the American College of
Cardiology 2005, 46:1753-1760.
Oliver JJ, Webb DJ: Noninvasive Assessment of Arterial Stiffness and Risk of Atherosclerotic Events. Arterioscler Thromb
Vasc Biol 2003, 23:554-566.
Laurent S, Boutouyrie P, Asmar R, Gautier I, Laloux B, Guize L, Ducimetiere P, Benetos A: Aortic Stiffness Is an Independent Predictor of All-Cause and Cardiovascular Mortality in
Hypertensive Patients. Hypertension 2001, 37:1236-1241.
McEniery CM, Wallace S, Mackenzie IS, McDonnell B, Yasmin , Newby
DE, Cockcroft JR, Wilkinson IB: Endothelial Function Is Associated With Pulse Pressure, Pulse Wave Velocity, and Augmentation Index in Healthy Humans. Hypertension 2006,
48:602-608.
Pauca AL, O'Rourke MF, Kon ND: Prospective Evaluation of a
Method for Estimating Ascending Aortic Pressure From the
Radial Artery Pressure Waveform.
Hypertension 2001,
38:932-937.
Mahmud A, Feely J: Effect of Smoking on Arterial Stiffness and
Pulse Pressure Amplification. Hypertension 2003, 41:183-187.
Lucking AJ, Lundback M, Mills NL, Faratian D, Barath SL, Pourazar J,
Cassee FR, Donaldson K, Boon NA, Badimon JJ, et al.: Diesel
exhaust inhalation increases thrombus formation in man.
Eur Heart J 2008, 29(24):3043-3051.
Behndig AF, Mudway IS, Brown JL, Stenfors N, Helleday R, Duggan ST,
Wilson SJ, Boman C, Cassee FR, Frew AJ, et al.: Airway antioxidant
and inflammatory responses to diesel exhaust exposure in
healthy humans. European Respiratory Journal 2006, 27:359-365.
Mills NL, Miller JJ, Anand A, Robinson SD, Frazer GA, Anderson D,
Breen L, Wilkinson IB, McEniery CM, Donaldson K, et al.: Increased
arterial stiffness in patients with chronic obstructive pulmonary disease: a mechanism for increased cardiovascular risk.
Thorax 2008, 63:306-311.
Brook Rd BJRU: Inhalation of fine particulate air pollution and
ozone causes acute arterial vasoconstriction in healthy
adults. Circulation 2002, 105(13):1534-6.
Urch B, Silverman F, Corey P, Brook JR, Lukic KZ, Rajagopalan S,
Brook RD: Acute blood pressure responses in healthy adults
during controlled air pollution exposures. Environ Health Perspect 2005, 113(8):1052-1055.
Fang SEE, Cavallari J, Mittleman M, Christiani D: Acute changes in
vascular function among welders exposed to metal-rich particulate matter. Epidemiology 2008, 19(2):217-225.
Brook RD, Franklin B, Cascio W, Hong Y, Howard G, Lipsett M,
Luepker R, Mittleman M, Samet J, Smith SC Jr, Tager I: 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, 109:2655-2671.
Hingorani AD, Cross J, Kharbanda RK, Mullen MJ, Bhagat K, Taylor M,
Donald AE, Palacios M, Griffin GE, Deanfield JE, et al.: Acute Systemic Inflammation Impairs Endothelium-Dependent Dilatation in Humans. Circulation 2000, 102:994-999.
Tornqvist H, Mills NL, Gonzalez M, Miller MR, Robinson SD, Megson
IL, MacNee W, Donaldson K, Soderberg S, Newby DE, et al.: Persistent Endothelial Dysfunction in Humans after Diesel Exhaust
Inhalation. Am J Respir Crit Care Med 2007, 176:395-400.
Oberdorster G, Sharp Z, Atudorei V, Elder A, Gelein R, Lunts A,
Kreyling W, Cox C: Extrapulmonary translocation of ultrafine
carbon particles following whole-body inhalation exposure of
rats. J ToxicolEnviron Health A 2002, 65:1531-1543.
Nemmar A, Hoylaerts MF, Hoet PH, Dinsdale D, Smith T, Xu H, Vermylen J, Nemery B: Ultrafine particles affect experimental
thrombosis in an in vivo hamster model. AmJRespirCrit Care Med
2002, 166:998-1004.
Bouthillier L, Vincent R, Goegan P, Adamson IYR, Bjarnason S, Stewart M, Guenette J, Potvin M, Kumarathasan P: Acute Effects of
Inhaled Urban Particles and Ozone: Lung Morphology, Macrophage Activity, and Plasma Endothelin-1. Am J Pathol 1998,
153:1873-1884.
Schiffrin EL: Role of Endothelin-1 in Hypertension. Hypertension
1999, 34:876-881.

http://www.particleandfibretoxicology.com/content/6/1/7

27.
28.
29.
30.

McEniery CM, Qasem A, Schmitt M, Avolio AP, Cockcroft JR, Wilkinson IB: Endothelin-1 regulates arterial pulse wave velocity in
vivo. Journal of the American College of Cardiology 2003, 42:1975-1981.
World Health O: Urban air pollution in megacities of the
world. Blackwell; 1992. Report nr 36
Samet JM, Dominici F, Curriero FC, Coursac I, Zeger SL: Fine particulate air pollution and mortality in 20 U.S. cities, 1987–
1994. NEnglJ Med 2000, 343:1742-1749.
O'Rourke MF, Franklin SS: Arterial stiffness: reflections on the
arterial pulse. Eur Heart J 2006, 27:2497-2498.

Publish with Bio Med Central and every
scientist can read your work free of charge
"BioMed Central will be the most significant development for
disseminating the results of biomedical researc h in our lifetime."
Sir Paul Nurse, Cancer Research UK

Your research papers will be:
available free of charge to the entire biomedical community
peer reviewed and published immediately upon acceptance
cited in PubMed and archived on PubMed Central
yours — you keep the copyright

BioMedcentral

Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp

Page 6 of 6
(page number not for citation purposes)

