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Abstract. Chronic pulmonary diseases are a major
cause of morbidity and mortality worldwide. The
present study is a case–control study nested in a de-
fined cohort, undertaken in Athens, Greece, in order
to investigate the association between long-term ex-
posure to ambient air pollution and the development
of chronic bronchitis, emphysema or chronic ob-
structive pulmonary disease (COPD). Individualized
personal exposure assessment has been applied based
on long-term residential and occupational subject
history linked with geographical air pollution distri-
bution. The first consecutive 3904 participants from
the European Prospective Study into Cancer and
Nutrition (EPIC), all residents of Athens, were asked
to complete a questionnaire. One hundred and sixty-
eight participants reporting a history of COPD
symptomatology and 168 healthy controls recruited

from the same study base individually matched for
age and gender, were visited by a physician at their
homes for conducting spirometry and a medical in-
terview. Eighty-four of the 168 self-identified as cases
were diagnosed as having chronic bronchitis, em-
physema or COPD. Logistic regression models were
used for statistical evaluation. Cases were more ex-
posed to air pollution compared to controls. The
estimated odds ratio (OR) indicates an increase of
37% in the risk of medically confirmed cases per
exposure quartile (p ¼ 0.02). When most of the sub-
jects exposed are considered vs. all others, there is a
twofold increase in disease risk (p ¼ 0:03). Our find-
ings provide evidence that long-term exposure to air
pollution is an important factor in the development
of chronic respiratory diseases.
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Introduction

Chronic bronchitis and emphysema are major causes
of respiratory morbidity often leading to chronic
obstructive pulmonary disease (COPD) which is
characterized by the presence of airflow obstruction.
COPD is a major cause of morbidity and mortality
worldwide [1]. Occurrence and mortality rates vary
widely between countries and are increasing. In the
United States [2] and the European Union, COPD is
one of the five leading causes of death [3].

Cigarette smoking is the main known cause of
chronic respiratory diseases and the exposure–re-
sponse relationship between cigarette smoking and
pulmonary function is well-established [4]. Because a
small fraction of variation in pulmonary function can
be explained by smoking, other factors, genetic or
environmental, have been implicated in the patho-
genesis of COPD [5, 6]. Although several studies have
reported short-term associations between air pollu-

tion and daily admissions or emergency visits to
hospitals for chronic bronchitis, emphysema or
COPD exacerbation, the role of ambient air pollution
exposure in the etiology of either chronic bronchitis,
emphysema and COPD remains controversial [7–12].

Athens faces a serious air pollution problem, which
has existed for about 30 years. Monitoring of pollu-
tants, such as sulfur dioxide (SO2) and black smoke
(BS), started in the mid-seventies when 24-hour levels
of BS and SO2 often exceeded 500 lg/m3 [13]. Be-
tween 1975 and 1982, a gradual reduction in the levels
of SO2 and to a lesser extent of BS occurred as a
result of several measures implemented to improve
the quality of heating and car fuel [14]. However,
since 1982, pollution levels have stabilized, with an
apparent change in pollutant profile towards a more
pronounced photochemical component [15]. Several
previous studies have shown effects of air pollution
on the mortality [16] and morbidity [12, 17] from
respiratory causes in the Greater Athens area.
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The aim of the present study was to investigate the
association between long-term exposure to ambient
air pollution and chronic bronchitis, emphysema or
COPD.

Participants and methods

Study subjects

In the early 1990s, the European Prospective Study
into Cancer and Nutrition (EPIC) was initiated in
seven European countries: France, Germany, Greece,
Italy, Spain, The Netherlands and UK, with the
major objective to collect data on diet, other lifestyle
and environmental factors, anthropometry as well as
biological samples in a cohort of about 400,000
healthy European adults [18]. In Greece, about
25,000 adults have already been enrolled in the pro-
ject with an approximately equal proportion of men
and women. These subjects will be followed up to
investigate the incidence of and mortality from cancer
and other diseases in relation to several individual
characteristics, environmental exposures and bio-
chemical markers.

The present study is nested in the EPIC cohort.
The study base consists of all participants who were
recruited in the EPIC project until 1996 and were
residents of Greater Athens (n ¼ 3904). The subjects
were asked to complete a questionnaire 2 years after
their enrollment. Two thousand and seventy (53%)
responses were obtained. Out of these, 168 partici-
pants who reported a history of COPD, chronic
bronchitis, emphysema or respiratory symptoms
such as breathlessness, chronic cough and chronic
phlegm production for at least 3 months per year for
at least 2 years were included in the study as cases
(case-series1). Subjects with a history of heart disease,
asthma or episodic wheezing in childhood and
adulthood or other respiratory diseases (bronchiec-
tasis, tuberculosis, etc.) were excluded from the study.
One hundred and sixty-eight controls without a his-
tory of respiratory disease and without any symp-
toms, individually matched for age and gender, were
recruited from the same study base. All 336 partici-
pants were visited by a thoracic disease specialist
(J.D.) at their homes for conducting spirometry and
simultaneously completed an additional question-
naire by an interview. After conducting spirometry,
case-series2 was defined as the subset of case-series1
that fulfilled the criteria for clinical diagnosis of
chronic bronchitis, emphysema or COPD i.e. re-
porting of chronic cough and chronic phlegm pro-
duction for at least 3 months per year for at least
2 years and/or doctor diagnosed chronic bronchitis
or emphysema or COPD and/or FEV1/VC<88 per-
cent of that predicted for men and <89% of that
predicted for women [3]. Case-series2 consisted of 84
cases exactly 50% of case-series1.

Detailed questionnaire

A detailed questionnaire that consisted of questions
about respiratory symptoms such as cough, phlegm,
shortness of breath, wheezing, chest tightness, medi-
cation use, residence, occupational history, smoking
status and any other health problems was filled out
by the thoracic disease specialist who visited the 336
participants at their homes. The physician interviewer
was ignorant about the exposure and disease status of
the subject, and he conducted the interview before
performing spirometry.

Pulmonary function tests

Spirometry was performed using an autospiro AS-
300 (mass flowmeter; Minato Medical Science Co.,
Osaka, Japan). According to the manufacturers, this
spirometer has the same configuration and function
as a RICO AS-500 that meets ATS standards [19].
The maneuvers were performed in a standardized
manner with the subjects seated and wearing a nos-
eclip. Subjects were instructed to abstain from in-
haled bronchodilator use for 4 hours before testing.
We used the best FEV1 value out of three acceptable
measures and the FEV1/VC value from the best-test
effort. Pulmonary function results are expressed as
the percent of the predicted values. The predicted
spirometric values are from the European Coal and
Steel Community [20].

Air pollution exposure

Long-term retrospective personal exposure of each
subject to air pollution was assessed on the basis of
detailed information about their lifelong residential
and employment addresses. In the absence of empir-
ical information, we chose two exposure indicators
for the analyses: (1) The exposure related to the most
recent 5 years before the interview, considered to re-
flect shorter latency and (2) that related to the past
20 years, considered to reflect longer latency. The
procedure of estimating personal exposure was done
in two stages. Firstly, we assessed the geographical air
pollution distribution in Athens assigning a pollution
index to each area in the Athens basin and secondly,
using this geographic pollution index, we assessed
personal exposure based on the index of the areas of
residences and employment addresses of each subject.
More specifically, for the Greater Athens region
(which is a basin surrounded by mountains and the
sea and in which 40% of the Greek population lives),
air pollution levels by borough were calculated on the
basis of the average long-term concentrations of BS
and nitrogen dioxide (NO2), as recorded in 14 moni-
toring stations dispersed throughout the region.
Geographical concentration patterns were based on
data from a decade (1987–1997) but assumed to be
the same during the 20 years for which exposure was
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estimated. A line for zero air pollution was drawn at
the highest points of the surrounding mountains. For
each borough, the calculated air pollution level was
the average of the measurements of the three nearest
stations, or the two nearest and the zero air pollution
line, weighted by the inverse of the distance from the
borough’s center to the measurement points. Our
subjects declared their residence or employment ad-
dresses in 43 boroughs within the Athens basin for
which NO2 levels were available. In 35 of these, BS
was also assessed. The rank correlation between the
two pollutants was 0.90. We classified the boroughs
into five categories based on the quintiles of the NO2

distribution. The boroughs in category 5 were the
most polluted with mean annual BS levels between 34
and 79 lg/m3 and mean annual NO2 levels between
50 and 80 lg/m3. Boroughs in category 4, 3, 2 were
progressively less polluted (with BS levels from 25 to
34 lg/m3 and NO2 from 40 to 50 lg/m3 in the fourth
category; smoke between 13 and 24 lg/m3 and NO2

between 23 and 35 lg/m3 in the third; and smoke less
than 13 lg/m3 and NO2 less than 23 lg/m3 in the
least polluted category). A map of the greater Athens
area with borders of boroughs and pollution cate-
gories is included (Figure 1). Past residence in rural
or semi-urban areas was considered as category 1,
whereas past residence in other cities of Greece was
classified into category 2 or 3 according to the re-
corded or presumed level of air pollution. Then, for
every individual, an index was calculated as the time-
weighted average of the pollution categories of areas
where he/she spent time as a resident or an employee.
A 40-hour workweek was assumed for individuals
working outside their homes whilst for other indi-
viduals, including housewives, their residence formed
the only basis for estimating their air pollution ex-
posure. When all subjects had their air pollution ex-
posure assessed, always regardless of case–control
status, they were distributed into four groups based
on the marginal quartiles of the personal air pollution
exposure distribution.

Statistical analyses

v2-test for the linear trend was used to evaluate any
differences in the distribution of smoking habits or
level of education (as an index of socioeconomic
status, SES) across quartiles of air pollution expo-
sure. Conditional and unconditional logistic regres-
sion models were used for the statistical evaluation
adjusting for age, gender, smoking habits and edu-
cation [21].

Results

In Table 1, the age and gender distribution of the
entire cohort, the two case-series (original 168 case-
series1; after conducting spirometry and the medical

interview 84 case-series2) as well as the controls are
shown. Cases were as expected older than the original
cohort.

In Table 2, socio-demographic and smoking char-
acteristics of the two case-series as well as of the
controls subjects are shown. Current smoking was as
expected more prevalent in case-series2 (50%), fol-
lowed by case-series1 (41%) and the comparison se-
ries (27%) and the opposite trend is observed for
non-smokers. Controls were somewhat more edu-
cated.

In Table 3, the distribution of subjects by smoking
habits and the level of education across quartiles of
air pollution is presented. The differences between
current and ex-smokers on the one hand and non-
smokers on the other are not statistically significant
(p > 0:10) but less educated subjects tend to be more
exposed (p ¼ 0:02).

In Table 4, ventilatory function data for the three
comparison groups are shown. Although the FEV1/
VC ratio in the percent predicted is within the normal
range, the differences between the control group and
both case-series are statistically significant for all re-
spiratory function indices studied. The average values
among the three groups display a decreasing trend
with respect to each respiratory parameter. After
conducting spirometry, we were able to diagnose
COPD cases according to the European Respiratory
Society’s criteria [3]. These cases were too few
(n ¼ 31) to allow separate analysis.

In Table 5, the two case-series and the controls are
classified according to their exposure to outdoor air
pollution in the most recent 20 years and the most
recent 5 years. Controls are less exposed to the
highest quartile of air pollution during the last
20 years (11% in controls, 16% in case-series1 and
19% in case-series2). The same pattern is evident with
respect to the recent 5 years (the corresponding fig-
ures are 16% for controls, 23% for case-series1 and
32% for case-series2).

Table 6 shows the results of multiple logistic re-
gression evaluating the effects of exposure to air
pollution on the risk of developing chronic bronchi-
tis, emphysema or COPD, alternatively comparing
the two case-series to the control group and always
adjusting for age, gender, smoking habits and edu-
cation as an index of SES. The estimated odds ratios
(OR) are all above the value of 1 and consistently
higher when the most recent 5-year exposure is con-
sidered rather than the 20-year exposure and when
case-series2 is compared rather than case-series1. We
present results from both conditional and uncondi-
tional logistic regressions, which are consistent. The
OR per quartile of exposure in the recent 5 years and
risk of medically confirmed respiratory disease is 1.37
(95% CI: 1.05–1.79, p ¼ 0.02) in the unconditional
regression results and of similar magnitude (1.39,
95% CI: 0.97–1.97) but not statistically significant at
the nominal level in the conditional (p ¼ 0.07). The
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Figure 1. Map of the Greater Athens Region illustrating pollution categories 2–5 (5: darker, highest pollution; 2: lighter,

lowest pollution). Category 1 was assigned only to areas outside Athens. Boroughs in white represent areas not assigned to a
pollution category as no study subject had ever resided or worked in these.
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estimated OR indicates an increase of 37% per in-
crease of exposure by one quartile. When the most
subjects exposed are considered (highest quartile vs.
all others), there is a twofold increase in disease risk,

which is also statistically significant in the uncondi-
tional regression (p ¼ 0.03).

Although smoking was not a confounder in this
investigation, we have modeled the data taking into

Table 1. Age and gender distribution of the entire cohort, the 168 case-series1 (defined on the basis of a self-administered
questionnaire), 84 case-series2 (diagnosed after conducting spirometry and the medical interview) and 168 controls

Cohort, N (%) Case-series1, N (%) Case-series2, N (%) Controls, N (%)

Age (years)
>34 367 (9%) 4 (2%) 2 (2%) 4 (2%)
35–39 623 (16%) 15 (9%) 3 (4%) 15 (9%)

40–44 786 (20%) 26 (15%) 13 (15%) 26 (15%)
45–49 739 (19%) 32 (19%) 14 (17%) 31 (18%)
50–54 547 (14%) 33 (20%) 17 (20%) 34 (20%)

55–59 453 (12%) 19 (11%) 11 (13%) 19 (11%)
60–64 247 (6%) 20 (12%) 10 (12%) 19 (11%)
65–69 108 (3%) 14 (8%) 10 (12%) 15 (9%)

70+ 34 (1%) 5 (3%) 4 (5%) 5 (3%)

Gender
Women 2303 (59%) 114 (68%) 58 (69%) 114 (68%)
Men 1601 (41%) 54 (32%) 26 (31%) 54 (32%)

Table 2. Sociodemographic and smoking characteristics of 168 case-series1 (defined on the basis of a self-administered
questionnaire), 84 case-series2 (diagnosed after conducting spirometry and medical interview) and 168 controls

Case-series1 Case-series2 Controls

Duration of residence in Athens (years)* 35.45 ± 14.21 38.00 ± 13.85 35.08 ± 12.60

N (%) N (%) N (%)
Smoking

Non-smokers 65 (39%) 25 (30%) 81 (48%)

Exsmokers 34 (20%) 17 (20%) 42 (25%)
Current smokers 69 (41%) 42 (50%) 45 (27%)

Current workplace
Office (indoors) 131 (78%) 64 (76%) 145 (87%)

Home 19 (11%) 10 (12%) 12 (7%)
Factory 7 (4%) 2 (2%) 4 (2%)
Outdoor urban 6 (4%) 6 (8%) 5 (3%)

Outdoor rural and others 5 (3%) 2 (2%) 2 (1%)

Education
Elementary 12 (7%) 7 (8%) 8 (5%)
Secondary 55 (33%) 31 (37%) 53 (31%)

College/University 101 (60%) 46 (55%) 107 (64%)

*Data are presented as mean ± standard deviation.

Table 3. Quartiles of exposure to air pollution (in the recent 5 years) by smoking habits of all subjects

Smoking habits Education

Never
smokers

Exsmokers Current
smokers

Elementary
Secondary

College
University

Air pollution exposure (recent 5 years)
First quartile (lowest) 26 (18%) 19 (25%) 26 (23%) 17 (13%) 54 (26%)
Second quartile 44 (30%) 21 (28%) 35 (31%) 41 (32%) 59 (28%)

Third quartile 49 (34%) 20 (26%) 29 (25%) 40 (31%) 58 (28%)
Fourth quartile (highest) 27 (18%) 16 (21%) 24 (21%) 30 (24%) 37 (18%)

Total 146 76 114 128 208
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account the duration of smoking and, in a different
model, extent of smoking. As expected, the results
concerning air pollution in relation to either case-
series1 or case-series2 (in comparison to controls)
were essentially identical.

Discussion

This is a case–control study nested in a cohort ex-
ploring the association of outdoor air pollution and
the development of chronic bronchitis, emphysema
and COPD. Historically, Athens has been considered
as one of the most polluted European cities [22], and
previous studies have consistently shown air pollution

effects on the total as well as on respiratory morbidity
[12, 17] and mortality [16, 23, 24]. Although the epi-
demiological evidence has been particularly strong
and relevant for short-term effects [25–27], informa-
tion on long-term consequences of chronic exposure
to air pollution is rather scarce. Two large cohort
studies in the US have reported long-term effects on
mortality (including elevated risks for cardiopulmo-
nary mortality) [28, 29] whilst the evidence for effects
on morbidity is more fragmented. A number of
studies that have been conducted so far [30–33] pro-
vide evidence for association between air pollution
levels and decrements in lung function, implying that
exposure to high ambient pollution levels during
adulthood may be a risk factor for COPD. The Swiss

Table 4. Ventilatory function of 168 case-series1 (defined on the basis of a self-administered questionnaire), 84 case-series2
(diagnosed after conducting spirometry and the medical interview) and 168 controls

Controls Case-series1 Case-series2

Mean 95% CI Mean 95% CI Mean 95% CI

Respiratory parameter (in % predicted)
FVC 116.53 (114.34–118.72) 108.54 (105.95–111.13) 103.59 (99.67–107.51)

FEV1 109.61 (107.38–111.84) 99.12 (96.15–102.09) 90.98 (86.38–95.58)
FEV1/VC 102.23 (100.40–104.06) 98.15 (95.86–100.44) 94.37 (90.27–98.47)

Table 5. Index of exposure to air pollution for the most recent 20 and 5 years of 168 case-series1 (defined on the basis of a
self-administered questionnaire), 84 case-series2 (diagnosed after conducting spirometry and the medical interview) and 168
controls

Air pollution exposure (recent 20 years) Air pollution exposure (recent 5 years)

Controls Case-series1 Case-series2 Controls Case-series1 Case- series2

First quartile (lowest) 27 (16%) 26 (15%) 8 (10%) 40 (24%) 31 (18%) 10 (12%)
Second quartile 68 (40%) 63 (38%) 29 (34%) 50 (30%) 50 (30%) 27 (32%)

Third quartile 55 (33%) 52 (31%) 31 (37%) 50 (30%) 48 (29%) 20 (24%)
Fourth quartile (highest) 18 (11%) 27 (16%) 16 (19%) 28 (16%) 39 (23%) 27 (32%)

Total 168 168 84 168 168 84

Table 6. Results of conditional and unconditional logistic regression evaluating the effects of exposure to air pollution for
cases (series1 and series2 alternatively) vs. controls, adjusting for age, gender, smoking habits and education (as an index of
SES)

Air pollution

variable

Case-series1a vs. controls Case-series2b vs. controls Case-series2c vs. controls

OR 95% CI OR 95% CI OR 95% CI

Recent 20 years

Linear trend (per quartile) 1.10 (0.84–1.43) 1.31 (0.95–1.79) 1.34 (0.89–2.01)
Most exposedd vs. all others 1.39 (0.73–2.67) 1.46 (0.67–3.19) 1.31 (0.52–3.28)

Recent 5 years

Linear trend (per quartile) 1.18 (0.94–1.49) 1.37 (1.05–1.79) 1.39 (0.97–1.97)
Most exposedd vs. all others 1.46 (0.82–2.59) 2.01 (1.05–3.86) 1.89 (0.83–4.31)

a Conditional logistic regression of 168 cases vs. 168 matched controls.
bUnconditional logistic regression of 84 cases vs. 168 controls.
c Conditional logistic regression of 84 cases vs. 84 matched controls.
d Persons exposed to the highest quartile vs. all others.
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Study on Air Pollution and Lung Disease in Adults
(SAPALDIA) published a 3.14% decrease in the
mean FVC for a 10 lg/m3 increase in the long-term
levels of ambient particulate matter (PM) lower than
10 lg (PM10) [34]. Due to the ubiquity of air pollution
exposure, this ‘small’ effect is considered to have a
large public health impact [35]. When the investiga-
tors [36] decided to focus on respiratory symptoms,
they found positive associations between annual mean
concentrations of NO2, TSP or PM10 and reported
increased prevalence of chronic phlegm production,
chronic cough, breathlessness at rest during the day or
at night, and dyspnea on exertion.

An advantage of the present study is that it is
nested in a large, well-established cohort. The EPIC
study which has been recruiting subjects uses stan-
dardized protocols and questionnaires. The study
design substantially reduces the possibility of selec-
tion bias. This study also has the advantage of ex-
amining long-term effects of air pollution with
individualized estimates of exposure to pollution.
Studies testing similar hypotheses have generally re-
lied on ecological fixed site air pollution measure-
ments and have focused on comparing different
population groups. Results of studies of the latter
type may theoretically be confounded by various
unidentified factors operating at the group level. In
the present study, individuals from the same popu-
lation are compared, and their personal long-term
exposure to air pollutants was estimated regardless of
their case–control status. The fact that all subjects are
current residents of Athens, obviously restricts the
exposure range. It should be noted, however, that air
pollution levels in the most polluted area category
clearly exceed the WHO mean annual guideline val-
ues (50 lg/m3 for BS and 40–50 lg/m3 for NO2 [37,
38]), whereas the least polluted areas had levels below
15 lg/m3 for BS and 25 lg/m3 for NO2.

Every effort was made to have individual exposure
estimates that were as accurate as possible. Never-
theless, our air pollution exposure assessment is a
proxy to the true exposure. A lack of detailed his-
torical data on air pollution, especially for the remote
end of the 20-year period by geographical area, and
the limited information on past time activity patterns
limits the accuracy of our estimates. The resulting
misclassification, however, is likely to be non-differ-
ential with a tendency to reduce elevated ORs to-
wards the null. Moreover, the study participants were
unaware of the working hypothesis.

The population of our study was relatively young
and health conscious and therefore did not include
many individuals with seriously compromised health.
This reduces the number and severity of our cases
and consequently, the power of our study. However,
we believe that the advantages of the study design
with respect to bias elimination compensate for the
above weakness. The operational definition of COPD
in our investigation does not strictly correspond to

the clinical definition of this condition, because
technical and financial reasons precluded the under-
taking of a reliable reversibility test. However, this
can only introduce non-differential misclassification
in the response variable, the general consequence of
which is a reduction of the statistical power of the
study rather than the introduction of bias.

An interesting finding of the present study is the
apparent linear trend between levels of air pollution
exposure and prevalence of respiratory morbidity
expressed as simple bronchitis, emphysema or
COPD. With respect to exposure during the last
5 years, the odds of those most exposed vs. all others
to become cases were doubled (OR: 2.01, 95% CI:
1.05–3.86, p ¼ 0.03). Our results are consistent with
those of previous studies [26, 39] that have used dif-
ferent exposure estimates. Tzonou et al. [12] found
that residents of Athens who have lived all their lives
in urban areas (mostly in Athens) have a twofold
greater risk of COPD compared with people who
have lived exclusively or partly in rural areas before
settling in Athens. In the 1979 National Health In-
surance Survey [26, 40] an increase in annual mean
TSP of 100 lg/m3 was associated with an 80% in-
crease in the odds of reporting emphysema, chronic
bronchitis or asthma. When Schwartz [41] examined
the adverse health effects of exposure to airborne
particles at concentrations seen in urban areas he
found that a 10 lg/m3 increase in TSP was associated
with an increased risk of chronic bronchitis (OR:
1.07) and of a respiratory diagnosis of the examining
physician in the First National Health and Nutrition
Examination Survey (OR: 1.06). Plots of the relative
odds by quartiles of TSP exposure, adjusting for co-
variates, showed dose-dependent increases in risk
with increasing exposure.

In our study, we fail to show a statistically signi-
ficant association of outcome with the 20-year air
pollution exposure. This may reflect a genuine phe-
nomenon or the fact that during the last 5 years
measurements of air pollution and the estimated
personal exposure were more accurate, thus reducing
the extent of misclassification.

We conclude that our findings provide consistent
and apparently unbiased evidence that chronic ex-
posure to air pollution is an important factor in the
occurrence of COPD.

Acknowledgements

The authors wish to thank Ms E. Koraka, Ms
N. Botsi, and Ms R. Dania for their technical support
in this study. We would also like to thank Dr T.
Smonos from the Athens Masterplan Organisation
for providing the map boundaries of Figure 1. This
study was supported financially by the Europe
Against Cancer Programme of the European Com-
mission (contract NR 96SOC200416) and by the

51



Greek Ministry of Environment, Planning and Public
Works (grant: 40036/21945/3-1-96).

References

1. American Thoracic Society. Standards for the diagno-
sis and care of patients with chronic obstructive pul-

monary disease (COPD) and asthma. Am Rev Respir
Dis 1987; 136: 225–244.

2. National Heart, Lung, and Blood Institute. Morbidity
and Mortality: Chartbook on Cardiovascular, Lung,

and Blood Diseases. US Department of Health and
Human Services, Public Health Service, National In-
stitutes of Health, Bethesda, MD. 1998. Available from

URL: www.nhlbi.nih.gov/nhlbi/seiin//other/cht-book/
htm.

3. Siafakas NM, Vermeire P, Pride NB, et al. On behalf

of the Task Force. ERS Consensus Statement. Optimal
assessment and management of chronic obstructive
pulmonary disease (COPD). Eur Respir J 1995; 8:

1398–1420.
4. US Department of Health and Human Services

(DHHS). The health consequences of smoking:
Chronic obstructive lung disease. A report of the Sur-

geon General. US Department of Health and Human
Services, Office on Smoking and Health, Bethesda,
MD, 1984; DHHS Publication no. (PHS) 84-50205.

5. Burrows B, Knudson RJ, Kline MG, Lebowitz MD.
Quantitative relationships between cigarette smoking
and ventilatory function. Am Rev Respir Dis 1977;

115: 195–205.
6. Silverman EK, Chapman HA, Drazen JM, et al. Ge-

netic epidemiology of severe, early-onset chronic ob-
structive pulmonary disease: Risk to relatives for

airflow obstruction and chronic bronchitis. Am J
Respir Crit Care Med 1998; 157: 1770–1778.

7. Schwartz J. Air pollution and hospital admissions for

the elderly in Birmingham, Alabama. Am J Epidemiol
1994; 139: 589–598.

8. Schwartz J. Air pollution and hospital admissions for

the elderly in Detroit, Michigan. Am J Respir Crit Care
Med 1994; 150: 648–655.

9. Burnett RT, Dales R, Krewski D, Vincent R, Dann T,

Brook JR. Associations between ambient particulate
sulfate and admissions to Ontario hospitals for cardiac
and respiratory diseases. Am J Epidemiol 1995; 142:
15–22.

10. Schwartz J. Air pollution and hospital admissions for
respiratory disease. Epidemiology 1996; 7: 20–28.

11. Anderson HR, Spix C, Medina S, et al. Air pollution

and daily admissions for chronic obstructive pulmo-
nary disease in 6 European cities: Results from the
APHEA project. Eur Respir J 1997; 10: 1064–1071.

12. Tzonou A, Maragoudakis G, Trichopoulos D, et al.
Urban living, tobacco smoking and chronic obstructive
pulmonary disease: A study in Athens. Epidemiology

1992; 3: 57–60.
13. Bureau for Athens Environmental Pollution Monitor-

ing. 1980. Technical Report, Vol 4, Athens: Ministry of
Social Services (in greek).

14. Hatzakis A, Katsouyanni K, Kalandidi A, Day N,
Trichopoulos D. Short-term effects of air pollution on
mortality in Athens. Int J Epidemiol 1986; 15: 73–81.

15. Katsouyanni K, Kalandidi A, Trichopoulos D, Hat-
zakis A. Short-term effects of air pollution on mortality

in Athens 1983-1987. Report to the Minister of Envi-
ronment, Planning and Public Works. Athens, 1988 (in
greek).

16. Katsouyanni K, Karakatsani A, Messari I, et al. Air

pollution and cause specific mortality in Athens.
J Epidemiol and Com Hlth 1990; 44: 321–324.

17. Pantazopoulou A, Katsouyanni K, Kourea-Kremasti-

nou J, Trichopoulos D. Short-term effects of air pol-
lution on hospital emergency out-patient visits and
admissions in the greater Athens area. Env Res 1995;

69: 31–36.
18. Riboli E. Nutrition and cancer: Background and ra-

tionale of the European Prospective Investigation into

Cancer and Nutrition (EPIC). Ann Oncol 1992; 3: 783–
791.

19. Nelson SB, Gardner RM, Crapo RO, Jensen RL.
Performance evaluation of contemporary spirometers.

Chest 1990; 97: 288–297.
20. Quanjer PH (ed.). Standardized lung function testing.

Report Working Party Standardization of Lung

Function Tests, European Community for Coal and
Steel. Bull Europ Physiopath Respir 1983; 19(Suppl. 5):
1–95.

21. Breslow NE, Day NE. Statistical Methods in Cancer
Research. Volume 1. The analysis of case–control
studies. IARC Scientific Publications no. 32, Lyon,
1980.

22. Trichopoulos D, Hatzakis A, Wynder E, Katsouyanni
K, Kalandidi A. Time trends of tobacco smoking, air
pollution, and lung cancer in Athens. Environ Res

1987; 44: 160–178.
23. Touloumi G, Pocock SJ, Katsouyanni K, Trichopoulos

D. Short-term effects of air pollution on daily mortality

in Athens: A time-series analysis. Int J Epidemiol 1994;
23: 1–11.

24. Touloumi G, Samoli E, Katsouyanni K. Daily mor-

tality and ‘winter type’ air pollution in Athens, Greece:
a time series analysis within the APHEA project.
J Epidemiol Comm Health 1996; 50(Suppl. 1): S47–
S51.

25. Lebowitz MD. Epidemiological studies of the respira-
tory effects of air pollution. Eur Respir J 1996; 9: 1029–
1054.

26. Committee of the Environmental and Occupational
Health Assembly of the American Thoracic Society.
Health effects of outdoor air pollution. Am J Respir

Crit Care Med 1996; 153: 3–50.
27. Anderson HR, Spix C, Medina S, et al. Air pollution

and daily admissions for chronic obstructive pulmo-
nary disease in 6 European cities: Results from the

APHEA project. Eur Respir J 1997; 10: 1064–1071.
28. Dockery DW, Pope CA III, Xu X, Spengler JD, Ware

JH, Fay ME, Ferris BG Jr, Speizer FA. An association

between air pollution and mortality in six US cities.
N Engl J Med 1993; 329: 1753–1759.

29. Pope CA III, Thun MJ, Namboodiri MM, Dockery

DW, Evans JS, Speizer FE, Heath CW Jr. Particulate
air pollution as a predictor of mortality in a prospective
study of US adults. Am J Respir Crit Care Med 1995;

151: 669–674.
30. Van De Lende R, Kok TJ, et al. Decreases in VC and

FEV1 with time: Indicators for effects of smoking and

52



air pollution. Bull Europ Physiopath Respir 1981; 17:
775–792.

31. Chestnut LG, Schwartz J, Savitz DA, Burchfiel CM.
Pulmonary function and ambient particulate matter:
epidemiological evidence from NHANES I. Arch En-
viron Health 1991; 46: 135–144.

32. Abbey DE, Burchette RJ, Knutsen SF, McDonnell
WF, Lebowitz MD, Enright PL. Long-term particulate
and other pollutants and lung function in nonsmokers.

Am J Respir Crit Care Med 1998; 158: 289–298.
33. Schindler C, Ackermann-Liebrich U, Leuenberger P,

et al. (Association between lung function and estimated

average exposure to NO2 in eight areas of Switzerland.
The SAPALDIA Team), Swiss Study of Air Pollution
and Lung Diseases in Adults. Epidemiology 1998; 9:

405–411.
34. Ackermann-Liebrich U, Leuenberger P, Schwartz J,

et al. Lung function and long-term exposure to air
pollutants in Switzerland. Am J Respir Crit Care Med

1997; 155: 122–129.
35. Kunzli N, Ackermann-Liebrich U, Brandli O, et al.

Clinically ‘small’ effects of air pollution on FVC have a

large public health impact. Eur Respir J 2000; 15: 131–
136.

36. Zemp E, Elsasser S, Schindler C, et al. Long-term

ambient air pollution and respiratory symptoms in
adults (SAPALDIA study). Am J Respir Crit Care
Med 1999; 159: 1257–1266.

37. WHO/EURO. Air Quality Guidelines for Europe.
WHO Regional Publications, European Series no.

23. Copenhagen. WHO, Regional Office for Europe,
1987.

38. WHO/EURO. Update and revision of the air quality
guidelines for Europe. WHO Regional Publications.

Copenhagen. WHO, Regional Office for Europe,
1995.

39. Euler GL, Abbey DE, Magie AR, Hodkin JE. Chronic

obstructive pulmonary disease symptom effects of long
term cumulative exposure to ambient levels of total
suspended particulates and sulfur dioxide in California

Seventh-Day Adventist residents. Arch Environ Health
1987; 42: 213–222.

40. Portney PR, Mullahy J. Urban air quality and chronic

respiratory disease. Regional Science and Urban Eco-
nomics 1990; 20: 407–418.

41. Schwartz J. Particulate air pollution and chronic re-
spiratory disease. Environ Res 1993; 62: 7–13.

Address for correspondence: Dimitrios Trichopoulos, De-

partment of Hygiene and Epidemiology, University of
Athens Medical School, 75 Mikras Asias street, 115 27
Athens, Greece

Phone: +30-10-7462012; Fax: +30-10-7780458
E-mail: dtrichop@hsph.harvard.edu

53


