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Numerous epidemiologic time-series studies have shown generally consistent
associations of cardiovascular hospital admissions and mortality with outdoor air
pollution, particularly mass concentrations of particulate matter (PM) ≤ 2.5 or ≤ 10 µm in
diameter (PM2.5, PM10). Panel studies with repeated measures have supported the timeseries results showing associations between PM and risk of cardiac ischemia and
arrhythmias, increased blood pressure, decreased heart rate variability, and increased
circulating markers of inflammation and thrombosis. The causal components driving the
PM associations remain to be identified. Epidemiologic data using pollutant gases and
particle characteristics such as particle number concentration and elemental carbon
have provided indirect evidence that products of fossil fuel combustion are important.
Ultrafine particles < 0.1 µm (UFPs) dominate particle number concentrations and
surface area and are therefore capable of carrying large concentrations of adsorbed or
condensed toxic air pollutants. It is likely that redox-active components in UFPs from
fossil fuel combustion reach cardiovascular target sites. High UFP exposures may lead
to systemic inflammation through oxidative stress responses to reactive oxygen species
and thereby promote the progression of atherosclerosis and precipitate acute
cardiovascular responses ranging from increased blood pressure to myocardial
infarction. The next steps in epidemiologic research are to identify more clearly the
putative PM casual components and size fractions linked to their sources. To advance
this, we discuss in a companion article (Sioutas C, Delfino RJ, Singh M. 2005. Environ
Health Perspect 113:947-955) the need for and methods of UFP exposure assessment
Delfino, Envir Health Perspect 2005

Mills, Nature Clinical Practice 2009

Weichenthal et al, Indoor Air 2007

OBJECTIVES: To study the association between short-term exposure to ultrafine
particles and morbidity in Copenhagen, Denmark
METHODS: We studied the association between urban background levels of the total
number concentration of particles (NCtot, 6-700 nm in diameter) measured at a single
site (15 May 2001 to 31 December 2004) and hospital admissions due to
cardiovascular (CVD) and respiratory disease (RD) in the elderly (age ≥ 65 years),
and due to asthma in children (age 5-18 years). We examined these associations in
the presence of PM10, PM2.5 (particulate matter <10 and 2.5 µm in diameter,
respectively) and ambient gasses. We utilised data on size distribution to calculate
NCtot for four modes with median diameters 12, 23, 57 and 212 nm, and NC100
(number concentration of particles <100 nm in diameter) and examined their
associations with health outcomes. We used a time series Poisson generalised
additive model adjusted for overdispersion, season, day of the week, public holidays,
school holidays, influenza, pollen and meteorology, with up to 5 days' lagged exposure
RESULTS AND CONCLUSIONS: The adverse health effects of particulate matter on
CVD and RD hospital admissions in the elderly were mainly mediated by PM10 and
accumulation mode particles with lack of effects for NC100. For paediatric asthma,
accumulation mode particles, NC100 and nitrogen oxides (mainly from traffic related
sources) were relevant, whereas PM10 appeared to have little effect. Our results
suggest that particle volume/mass from long-range transported air pollution is relevant
for CVD and RD admissions in the elderly, and possibly particle numbers from traffic
sources for paediatric asthma
Andersen et al, Occup Environ Med 2008

Trenga, CHEST 2006

Background: Adverse health effects at relatively low levels of ambient air pollution have
consistently been reported in the last years. We conducted a time-series panel study of
subjects with chronic obstructive pulmonary disease (COPD), asthma, and ischemic heart
disease (IHD) to evaluate whether daily levels of air pollutants have a measurable impact on
the lung function of adult subjects with pre-existing lung or heart diseases.
Methods: Twenty-nine patients with COPD, asthma, or IHD underwent repeated lung function
tests by supervised spirometry in two one-month surveys. Daily samples of coarse (PM10-2.5)
and fine (PM2.5) particulate matter were collected by means of dichotomous samplers, and the
dust was gravimetrically analyzed. The particulate content of selected metals (cadmium,
chrome, iron, nickel, lead, platinum, vanadium, and zinc) was determined by atomic absorption
spectrometry. Ambient concentrations of nitrogen dioxide (NO2), carbon monoxide (CO),
ozone (O3), and sulphur dioxide (SO2) were obtained from the regional air-quality monitoring
network. The relationships between concentrations of air pollutants and lung function
parameters were analyzed by generalized estimating equations (GEE) for panel data.
Results: Decrements in lung function indices (FVC and/or FEV1) associated with increasing
concentrations of PM2.5, NO2 and some metals (especially zinc and iron) were observed in
COPD cases. Among the asthmatics, NO2 was associated with a decrease in FEV1. No
association between average ambient concentrations of any air pollutant and lung function
was observed among IHD cases.
Conclusion: This study suggests that the short-term negative impact of exposure to air
pollutants on respiratory volume and flow is limited to individuals with already impaired
respiratory function. The fine fraction of ambient PM seems responsible for the observed
effects among COPD cases, with zinc and iron having a potential role via oxidative stress. The
respiratory function of the relatively young and mild asthmatics included in this study seems to
worsen when ambient levels of NO2 increase.
Lagorio, Envir Health 2006

Epidemiology 2000; 11:11-17

Air pollution episodes have been associated with increased
cardiovascular hospital admissions and mortality in time-series studies.
We tested the hypothesis that patients with implanted cardioverter
defibrillators experience potentially life-threatening arrhythmias after such
air pollution episodes.
We compared defibrillator discharge interventions among 100 patients
with such devices in eastern Massachusetts, according to variations in
concentrations of particulate matter, black carbon, and gaseous air
pollutants that were measured daily for the years 1995 through 1997.
A 26-ppb increase in nitrogen dioxide was associated with increased
defibrillator interventions 2 days later (odds ratio = 1.8; 95% confidence
interval = 1.1-2.9).
Patients with ten or more interventions experienced increased
arrhythmias in association with nitrogen dioxide, carbon monoxide, black
carbon, and fine particle mass. These results suggest that elevated levels
air pollutants are associated with potentially life-threatening arrhythmia
leading to therapeutic interventions by an implanted cardioverter
defibrillator.
Peters et al, Epidemiology 2000

Effects of particulate matter (PM10, PM2.5 and
PM1) on the cardiovascular system
Polichetti G, Cocco S, Spinali A, Trimarco V, Nunziata A
Toxicology 2009;261:1-8

Several studies have demonstrated that exposure to
particulate matter (PM) of different size fractions is associated
with an increased risk of cardiovascular disease (CVD). In this
review, we have taken into consideration the possible
correlation between the "short term" and "long term" effects of
PM exposure and the onset of CVDs as well as the possible
molecular mechanisms by which PM elicits the development of
these events. Particularly, it is here underlined that these
adverse health effects depend not only on the level of PM
concentration in the air but also on its particular internal
composition.
Furthermore, we have also synthesized the findings
gleaned from those few studies indicating that PM produced by
tobacco smoke can give rise to cardiovascular injury

Polichetti et Al, Toxicology 2009;261:1-8

Much remains to be discovered about particulate matter air
pollution:
§ to determine the nature of the components of PM in all its
size fractions
§ to investigate the incidence and effects of “coarse particles”
on CVD, alongside the “fine particles” and the “ultrafine
particles”
§ to understand more about the possible synergic action
between toxicants present in cigarette smoke, PM in
mainstream or sidestream cigarette smoke, and
environmental PM
§ to further clarify the distinction between long and short-term
effects of PM on CVD
§ more research is warranted to better examine the
molecular mechanisms underlying the effects of PM on the
cardiovascular system
Polichetti et Al, Toxicology 2009;261:1-8

AIM
The aim of this pilot study is to evaluate the feasibility of
performing epidemiological studies for assessing short-term
effects of exposure to air pollutants in subjects with preexisting lung or heart diseases in Italy

METHODS
Study design: 2 panel studies will be conducted:

1.Palermo

2.Pisa

Population: To assess the short term respiratory and
cardiovascular effects, all patients living in urban areas of
Pisa and palermo will be eligible for the study

1a. 10 adult subjects with COPD diagnosis. The subjects
will be selected among outpatients of the CNR Institute of
Biomedicine and Molecular Immunology or of the University
Hospital of Palermo. Eligible for the study will be subjects with
FEV1 between 30% and 70% of predicted, non current
smokers
1b. 10 children with asthma diagnosis.
The subjects will be selected among
outpatients of the CNR Institute of
Biomedicine and Molecular Immunology or of
the University Hospital of Palermo. Eligible
for the study will be subjects with mildintermittent disease, non current smokers

2. 10 adult subjects with arrhythmia.
The subjects will be selected among
outpatients of the CNR Institute of Clinical
Physiology of Pisa.
Eligible for the study will be subjects with
implanted cardioverter defibrillators, with no
respiratory diseases, no current smokers

Health outcomes
Respiratory

Cardiovascular

Markers of disease
cardio-respiratory symptoms, mortality, hospital admissions

FEV1
FVC
FEF25-75%
PEF variability
Exhaled NO

Delivered electric
shocks

Environmental outcomes 1
To be evaluated under the responsibility of DM
§ Daily concentration of
NO2
CO
O3
PM10
will be recorded by fixed monitoring air-quality stations in Pisa
and Palermo

Environmental outcomes 2
To be evaluated under the responsibility of DTA
§ UFPs will be collected using a real-time condensation particle
counter
§ Data on ultrafine particles size distribution will be used to
calculate the particle number concentration (PNC) (1,000/cm3)

Protocol
Field working period: the time period of interest will
consist of 2 months in the summer period and 2 months in
the winter period. The choice of the months will depend on
historical time series analysis of air pollution levels in Pisa
and Palermo
Environmental data: daily concentration of the air
pollutants will be recorded during the field working period.

Health data:
1. Each subject affected by respiratory diseases will perform:
•
•
•
•
•

two series of PEF measurements per day
a daily diary to record acute symptoms and other outcomes
spirometry
exhaled NO (only in asthmatic children)
visits will occur 4 times for season (every 15 days)

2. For each subject affected by arrhythmia:
• defibrillator discharge interventions will be available for the
study time period
• each subject will fill a daily diary to record acute symptoms
and other outcomes

§ A baseline questionnaire will be interviewer-administered at
the enrollment:
• cardio-respiratory diseases/symptoms
• habitual use of drugs and risk factors:
• previous smoking habit
• exposure to occupational agents
• exposure to ETS…

§ A daily diary will be filled in by each subject to assess:
• activity pattern
• medical/emergency room visits
• school/working absenteeism
• use of short-term acting drugs
• acute respiratory-cardiovascular symptoms
• dietary intake
• PEF measurements during the two bimestrial periods

§ Data regarding possible hospital discharges or deaths of the
investigated subjects will be collected during the two
bimestrial periods comprising the intermediate months

Expected Results
§ Evaluation of the association between daily variation of
UFPs and other air pollutants and respiratory and
cardiovascular effects

Study Time Period
§ 12 months (4 months for organizational phase, 4 months
for field working, 4 months for statistical analyses and final
report)

