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' 
�S�CT: Recent studi

_
es investigating the adverse health effects of air pollu

tion md1cate that effects exist around and below the current national and intema!ionaJ �ir quality guidelin� an� standards. However, the difficult methodological 
as�ues involved, and the d1vers�tr of analytical techniques so far applied, binder 
direct between-study comparability and the drawing of clear conclusions. 

The APHEA (Air Pollution on HeaJth: European Approach) project is an attempt 
to

. 
provide qua�titative estimates of the short-term health effects of air pollution, 

usmg a� extens1.ve da� base from 10 di;1'ferent European countrl.es, which repre
sent vanous social, environmental and air pollution situations. Within the frame
work of the project, the methodology of analysing epidemiological time series data 
as well as that of performing meta-analysis, are further developed and standard� 
ized. 

. 
Data h�v.e been collected from 15 European cities with a total population exceed

ing 25 million. The exposure data consist of daily measurements of black smoke 
sulphur dioxide, suspended particles, nitrogen dioxide and ozone (each available i� 
several, though not all, cities) from already existing monitoring networks. There is 
sub�tan��I variability in air poUution mixtures and air pollutant levels in partici
pating cities. The mean (24 h) levels of S02 range 27-327 µg·m·3 in the winter sea
son, and those of black smoke range 15-292 µg·m·l. The mean (l h) levels of ozone 
in the summer season range 32-166 µg·m·l. The outcome data are daily counts of t?tal a.nd cause-speci�c deaths and �ospital emergency admissions. Data on poten
tial confounders (mamly meteorological and chronological variables) are also used. 
There is

. 
large diversity in the climatic conditions in the different cities. Thus, the 

mean winter temperature ranges -4 to 10°C (minimum -1 to -37°C) and the mean 
summer temperature 16° to 26°C (maximum 26° to 35°C). Poisson regression allow
ing for autocorrelation and overdispersion is used in the analysis, after careful con
trol of seasonality and other periodic patterns, and other confounding effects. 

The p
_
rotocol and procedures foUowed are described, and the advantages and 

expectations from such an extensive European collaborative effort are presented 
and discussed. 
Eur Respir J., 1995, 8, 1030-1038. 

*Dept of Hygiene and Epidemiology, 
University of Athens Medical School, 
Greece ... F11cult<! de M&!ecine, Univcrsit<! 
de Grenoble, Fronce. •**GSF-Forschungs
zentrum Umwelt und Gesundheit, Germany. 
+fnstirut Municipal d'!nvestigacio MMica 
de Barcelona, Spain. ++Dept of Epidemiology 
and Statistics, University of Groningen, 
The- Netherlands. +->+Helsinki City Center 
of the Environment, Finland. 'Dept of 
Public Health Sciences, St George's Hospital 
Medical School, UK. ••Labor.noire d"Hygienc 
de la Ville de Paris, France. • t 'National 
Institute of Hygiene, Poland. $Jns1itu1e of 
Clinical Physiology, National Research 
Council, Pisa, Italy. SSNational Center for 
Health Promotion, Bratislava, Slovakia. 

Correspondence: K. Katsouynnni 
Department of Hygiene and Epidemiology 
75, Mikras Asias str. 
GR - 115 27 Goudi 
Athens 
Greece 

Keywords: Air pollution 
emergency admissions · 

heal th effects 
mortality 
time-series 

Received: November 21 1994 
Accepted after revision February 25 1995 

Background. Short-term effects of air pollution 
on health: recent results focus attention on 

an old issue 

The well-known severe episodes of air poJlution in 
Europe and North America before 1960 provided indis
putable evidence that high levels of air pollution have 
important short-term effects on human health, including 
a significant increase in mortality (1). Since then, legal 
and other corrective measures have contributed to a 

decrease in air pollution to moderate or low levels in 
many, though not all, of these areas (2). Also, in Europe 
and elsewhere, a change in the emission sources was 
followed by changes in the air pollution mixtures. Air 
quality guidelines and standards set by national and in
ternational organizations have, so far, been based on stu
dies of the early, severe air pollution episodes (3). However, 
recent publications indicate that moderate and low lev
els of air pollution have short-tenn effects on mortality 
and morbidity, and that these effects are measurable at 
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levels of air pollutants which do not exceed the set safe
ty limits. These new findings are consistent in demon
strating small but statistically significant increases in 
mortality and hospital emergency visits and admissions, 
in association with small elevations of air pollution. In 
addition, there is evidence - limited so far - that air pol
lutants may interact between one another as well as with 
other environmental factors, resulting in different effect 
estimates depending on local or regional conditions. 

Until 1992, when the APREA (short-term effects of 
Air Pollution on Health: a European Approach) propo
sal was submitted, several studies using more advanced 
analytical methods had already indicated health effects 
at relatively low levels of pollutants. These results were 
derived, in part, by exploring old data more thoroughly. 
Analyses of the London epidemiological time-series data 
on daily mortality for the years 1958-1971, when smoke 
and S02 measurements rarely exceeded 500 µg·m-3, show
ed that an association of air pollution with mortality 
persisted. OsTRO [4] showed that no threshold of effects 
could be identified; on the contrary, the slope of the 
regre sion line increased at lower air pollution levels. 
SCHWARTZ and MARCUS (5] applied a time-series ana
lytical technique to the London data and confirmed the 
relationship of black smoke to mortality, thus showing 
that it was not due to inappropriate previous analytical 
approaches. In another study of the same London time
series, THURSTON et al. [6] found that acid aerosol levels 
were also as ociated with mortality. A time-series analy
sis of cause-specifi� mortality data from Lyon and Marseille 
in France, where the mean annual average of S02 was 
66 and 51 µg·m-3, respectively, showed a statistically 
significant association of daily air pollution levels (as 
indicated by S02) to mortality from respiratory causes 
[7]. In Athens, an analysis of mortality data over the 
period 1975-1982 [8], when the levels of smoke and S02 
were higher, resulted in a statistically significant effect 
of air pollution, which was shown to be mainly attrib
utable to deaths from respiratory causes among the eld
erly [9]. 

Analyses using data after 1983, when the "traditional" 
pollutants (e.g. smoke) were mixed with increasing lev
els of photochemical smog, indicated that the effects on 
mortality persist during the winters, whilst there is possi
ble synergy between air pollution leyels and extremely 
high temperatures during the summers (10). An analy
sis of air pol1ution and mortality in Los Angeles also 
showed a statistically significant effect of several indi
cator pollutants. including ozone, to daily mortality (11). 
Analysis of mortality and morbidity data during an air 
pollution episode in West Germany in 1985, when air 
pollution levels (daily mean) reached values as high as 
600 µg·m-3 for suspended particulates and 830 µg·m-3 
for S02, showed a moderate effect both on mortality and 
morbidity indices (12). In Helsinki, a city with low air 
pollution levels, an effect of air pollution on the daily 
asthma emergency admissions was detected, and the pos
s.ibility of synergy between the levels of air pollution and 
extremely low temperatures was discussed [13]. In the 
Mediterranean region, analyses of emergency admissions 
for chronic obscructive pulmonary disease (COPD) in 

Barcelona showed an increase of 17% in the daily num
ber of admissions during high air pollution days (14]. 
Similarly, in Athens an analysis of emergency admis
sions for respiratory and cardiovascular causes showed 
a 16 and 13% increase, respectively (15). 

Since 1992, the number of papers published on the 
subject of short-term effects of air pollution on health 
has considerably increased. Several studies from the 
USA indicated small, statistically significant increases in 
mortality as a result of short-term exposure to air pollu
tion, especially to "rnhalable" particulate matter (particles 
with an aerodynamic diameter of less than 10 µm, i.e. 
PM10). These studies use data from cities and areas with 
different socioeconomic, geographic and climatic char
acteristics, and different levels and mixtures of air pollu
tants. The areas include Utah Valley (16], Philadelphia, 
Pennsylvania [17], Steubenville, Ohio [18], St. Louis, 
Missouri and Eastern Tennessee (19] and Birmingham, 
Alabama [20). In a 10 year study in East Germany 
(Erfurt), using data from before the unification, a sig
nificant logarithmic relationship was found between 
S02 or particulates and daily mortality. The logarithmic 
shape means that most of the effect is seen in the lower 
concentration range. Comparing the 5th percentile to the 
95th percentile, an increase of 23 to 929 µg·m·3 S02 
leads to an increase in mortality of 10%, whilst 15 to 
331 µg·m-3 suspended particulates causes a 22% increase 
[21]. 

In Philadelphia, a study of cause-specific mortality 
revealed a pattern of increa5:e in causes of death on high 
air pollution days similar to that observed in the 1952 
London air pollution episode [22). A study from Southern 
Europe indicated a possible interaction between air pol
lution and extremely high temperature in their effect on 
mortality [23). A meta-analysis using predominantly data 
from the USA has also been conducted, and concluded 
that a 6% increase in the relative risk of dying accom
panied a 100 µg·m·3 rise in total suspended particulate 
(TSP) concentration [24). The volume and public health 
importance of these results is reflected in reviews and 
editorials, which followed their publication (25, 26). 

Results from other studies during the same period indi
cated that air pollution also has short-term effects on 
morbidity. The Barcelona study on emergency admis
sion for COPD was extended to a 5 year period, and the 
results confirmed those of the previous analyses [27]. 
An increase in asthma emergency visits for persons under 
65 yrs of age was reported for Seattle, Washington, with 
an associated relative risk of 1.12 for a 30 µg· m·3 increase 
in PM10, the levels of which remained below the US 
ambient air quality standards during the study period 
(28). A similar increase was associated with high ozone 
levels in New Jersey (29). Several other reports have 
shown effects on symptoms and lung function [30-34]. 

This evidence indicates that adverse health effects of 
air pollution occur at air pollution levels currently obser
ved in Europe and the USA. Therefore, the challenge 
today is to adequately quantify the smaller, but proba
bly important at the public health level, effects of mod
erate and lower air pollution levels, and to identify the 
pollutants responsible and their possible synergistic effects. 

I I 
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The methodological approaches used in the papers pub-
lished vary. Some analyses are based on time-series 
methodology and others on linear or nonlinear regres
sion, although all apply modelling. Furtbennore, although 
the role of particulate matter has been extensively in
vestigated, less attention has been paid co other pollu
tants (e.g. S02, ozone); their effects at current ambient 
levels are largely unknown. There is a need for standard
ization and better in-depth understanding of methodo
logical issues. 

The APHEA project: purpose and objectives 

The project proposal was submitted to the Commis
sion of the European Communities (CEC), Directorate 
General for Science, Research and Development (DGXII), 
Environment 1991-1994 Programme first call in 1992. 
The objectives of the programme are: 
I. To provide quantitative estimates of the short-term 
health effects (using total and cause-specific daily num
ber o.f deaths and emergency hospital admissions) of air 
pollution, taking into consideration interactions between 
different pollutants and between pollutants and other envi
ronmental factors. This objective will be realized with 
the use of a very extensive data base from 10 different 
European countries, which represent various social, envi
ronmental and air pollution situations. 
2. To further develop and standardize the methodo
logy for the detection of short-term effects in the analy
sis of epidemiological time-series data. This will involve 
detailed consideration of the methods used so far, and 
suggestions for new approaches as well as standardiza
tion of the exposure (air pollution) measurements and 
confounding factors to be controlled. 
3. To select and develop a meta-analytical approach 
for epidemiological time-series studies. 
4. To assess the feasibility of creating a European data 
base of air pollution measurements and of health indi
cators, recorded on a daily basis. This will allow a con
tinuous surveillance of short-term effects of air pollution 
in the future. 

Eight groups contributing data from: Amsterdam and 
Rotterdam, The Netherlands; Athens, Greece; Barcelona, 
Spain; Helsinki, Finland; Cologne, Germany; London, 
UK; Lyon and Paris, France; participated in the first pro
posal. Later, rhree more groups were added with data 
from: Milan, Italy; L6dz, Poznan, Cracow and Wroclaw 
Poland; and Bratislava, Slovakia. Thus recent data fro� 
15 cities are being analysed, which concern an exposed 
population of over 25,000,000 (table l). 

The APHEA Project: design and implementation 

Data 

Within the framework of the project, epidemiological 
time-series data are being used, which were either col
lected routinely by public administrative organizations 
or were collected by the researchers participating in the 
study. The data consist of: 

Table 1. - APHEA cities 

City Time period Pop�lation 

Amsterdam 1977-1989 694,700 
Athens 1987- 199 1 3,096,775 
Barcelona 1986- 1992 1,700,000 
Bratislava 1987- 199 1 442,999 
Cologne 1975- 1985 977,000 
Cracow 1977-1989 740,000 
Helsinki 1987- 1989 491, 148 
Lodz 1977-1990 848,000 
London 1987- 199 1 7,200,000 
Lyon 1985- 1990 4 10,000 
Milan 1980-1989 1,500,000 
Paris 1987- 1992 6, 140,000 
Poznan 1983- 1990 575,000 
Rotterdam 1977- 1989 576,200 
Wroclaw 1979-1989 637,000 

APHEA: Air Pollution on Health, European Approach. 

Air pollution measurements. All air pollution measure
ments were made available by public monitoring net
works established in each city. 

Table 2 shows the pollutants used and the,number of 
cities where they are available. The study protocol in
cludes detailed criteria for completeness of measurements 
and methods to be used for filling in missing data. In 
order to maximize the comparability of the data sources 
in terms of the geographical location of the monitor
ing stations, and since the project is a study of urban air 
pollution effects, it was decided to use only urban sta
tions located either near traffic roads (but not on limit
ed access highways) and/or "background" urban stations 
for all pollutants, except ozone, for which a suburban 
moitoring station may be used (since ozone levels are 
lower in city centres, in the presence of primary pollu
tants, due to scavenging). The height of the measure
ment points was in most stations 2-10 m. Measurements 
from all stations fulfilling the completeness criteria were 
averaged. The number of monitoring sites used for each 
pollutant was :<::3 in the large majority of cases, and includ
ed one station near an urban traffic road and at least one 
urban background station. Although a quality assurance 

Table 2. - Air pollutants used in the APHEA data analy
sis 

Pollutant 

µg·m-3 

S02 
S02 
TSP 
BS 
PM10 
N02 
N02 
Ozone 
Ozone 

Reference 
time 

24 h 
1 h 

24 h 
24 h 
24 h 
24 h 

1 h 
Sh 
1 h 

Availability 
Cities n 

15 
8 
6 

10 
3 

10 
9 
6 
6 

TSP: total suspended particulates; BS: black smoke; PM10: 
particulate matter with an aerodynamic diameter :510 µm; 
APHEA: Air Pollution on Health, European Approach. 
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programme was not organized within the framework 
of APHEA, all monitoring networks included in the 
study run their own quality assurance programmes, most 
of them to conform to European Union legal require
ments. The methods of measurement for each pollutant 
were either identical or broadly comparable. 

One advantage of the study is the variability observed 
across the participating areas, in air pollution mixtures 
and pollutant levels. This is shown in tables 3 and 4 for 
selected pollutants during the winter (December, January, 
February) and summer (June, July, August) season. To 
illustrate the dispersion and range of pollution levels 
observed in each city, both tables report the seasonal 

values measured by those monitoring stations showing 
the highest (Stmax) and the lowest (Stmin) annual mean 
levels. Typical patterns of "winter" and "summer" type 
smog are observed, with some cities characterized by 
particularly high "winter" type smog, either dominated 
by S02 (e.g. Milan) or particles (e.g. Cracow), and some 
by "summer" type smog (e.g. Rotterdam), whilst some 
cities have relatively high air pollution of both types (e.g. 
Athens). In table 5, the ratio of pollutant value during 
the season with the maximum level to the value during 
the season with the minimum level is shown for every 
city. A large ratio indicates pronounced seasonal pat
terns, probably arising from sources operating during 

Table 3. - Levels of air pollutants in each city for the winter season (December-January-February) during the study 
period 

Particulate matter 24 h 

S02 24 h Black smoke TSP or PMx N02 1 h 03 1 h 

µg·m-3 
µg·m-3 

µg·m-3 
µg·m·3 µg·m-3 

City Stmax Stmin Stmax Stmin Stmax Stmin Stmax Stmin Stmax Stmin 

Amsterdam 27 (28) 19 (26) 15 ( 17) 85 (23) 60 (26) 52 (27) 35 (23) 

Athens 106 (61) 3 1  (3 1) 14 1 (90) 64 (34) 170 (67) 64 (57) 82 (36) 34 (18) 

Barcelona 60 (30) 35 (22) 137 (24) 40 (25) 233 (82) 138 (44) 1 14 (50) 92 (38) 43 (21) 46 (25) 

Bratislava 67 (53) 3 1  (48) 1 13 ( 105) 85 (64) 
Cologne 88 (61) 71 (50) 84 (46) 70 (42) 72 (38) 82 (48) 

Cracow 18 1 ( 102) 124 (8 1) 292 ( 180) 120 ( 1 16) 
Helsinki 30 (21) 17 ( 12) 122 ( 130) 33 (21) 74 (44) 48 (26) 28 ( 14) 

Lodz 150 (73) 95 (6 1) 178 (86) 95 (57) 
London 42 (21) 28 (22) 24 ( 18) 1 1  (9) 108 (67) 106 (63) 27 ( 19) 

Lyon 1 10 (40) 66 (38) 88 (30)# 49 (40)# 74 (42) 70 (53) 

Milan 327 (2 16) 182 ( 1 10) 200 (95) 188 (95) 
Paris 53 (42) 34 (30) 49 (24) 3 1  (25) 67 (47)# 36 ( 17)# 83 (46) 62 (35) 23 ( 15) 19 ( 15) 

Poznan 129 ( 10 1) 9 1  (74) 97 (86) 62 (50) 
Rotterdam 48 (36) 19 (24) 29 (22) 16 ( 13) 80 (28) 59 ( 18) 46 (25) 3 1  (22) 

Wroclaw 99(76) 66 (58) 160 ( 126) 88 (75) 

Data are presented as mean and SD in parenthesis; Stmax/Stmin: measurements from the station giving the maximum/minimum annu-

al levels for each city; TSP: total suspended particulates; PMx: particulate matter with an aerodynamic diameter :5 X µm. #: PM13, 

a fraction of TSP. 

Table 4. - Levels of air pollutants in each city for the summer season (June-July-August) during the study period 

Particulate matter 24 h 

S02 24 h Black smoke TSP or PMx N02 1 h 03 1 h 

µg·m-3 µg·m·3 µg·m-3 
µg·m-3 µg·m-3 

City Stmax Stmin Stmax Stmin Stmax Stmin Stmax Stmin Stmax Stmin 

Amsterdam 12 (9) 7 (5) 5 (4) 8 1  (31) 48 (26) 105 (33) 83 (37) 

Athens 48 (26) 23 ( 15) 102 (60) 42 (23) 206 (85) 96 (55) 166 (59) 95 (33) 

Barcelona 29 (16) 24 ( 16) 65 (33) 24 ( 12) 178 (73) 117 (46) 127 (66) 85 (36) 1 1 1  (42) 88 (37) 

Bratislava 29 (24) 16 ( 14) 62 (60) 64 (33) 
Cologne 43 (24) 30 ( 19) 83 (35) 72 (32) 85 (39) 70 (33) 

Cracow 47 (40) 60 (47) 35 ( 18) 27 ( 17) 
Helsinki 19 ( 15) 8 (7) 92 (42) 42 ( 19) 79 (27) 57 ( 19) 32 ( 18) 

Lodz 24 ( 13) 15 ( 16) 49 (27) 19 (12) 
London 38 ( 18) 26 ( 17) 16 (8) 7 (5) 108 (62) 102 (4 1) 57 (35) 

Lyon 67 (3 1) 32 ( 13) 56 (2 1)# 30 ( 16)# 89 (5 1) 64 (37) 

Milan 34 (23) 25 ( 17) 85 (4 1) 82 (36) 
Paris 22 ( 18) 15 (10) 36 (19) 15 (11) 48 (21)# 38 ( 16)# 94 (6,2) 61 (45) 74 (41) 57 (33) 

Poznan 25 (23) 19 ( 17) 29 (29) 13 ( 13) 
Rotterdam 27 ( 17) 9 (6) 20 ( 1 1) 9 (5) 93 (34) 5 1  (20) 122 (43) 86 (38) 

Wroclaw 20 ( 16) 17 ( 14) 40 (23) 30 (21) 

Data are presented as mean and SD in parenthesis; #: PM13, a fraction of TSP. For abbreviations see legend to table 3. 
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Table 5. - Magnitude of seasonality: ratio of pollutant value at season with maximum level over value at season 
with minimum level* 

S02 S02 N02 N02 03 03 
City l h 24 h BS TSP PMx** l h 24 h 1 h Sh 

Amsterdam 1.66 2.25 2.87 1.10 1.33 2.04 2.10 
Athens 2.23 1.38 1.21 2.04 
Barcelona 1.93 2.09 2.13 1.35 1.19 1.21 2.57 3.12 
Bratislava 3.50 1.80 
Cologne 1.57 2.05 1.04 1.32 1.18 1.08 
Cracow 3.87 8.46 
Helsinki 1.60 1.59 2.10 1.24 1.28 2.15 2.07 
Lodz 3.63 6.29 
London 1.11 1.52 1.13 1.14 2.13 2.21 
Lyon 1.52 3.15 1.58 1.38 1.36 
Milan 9.49 2.35 1.83 
Paris 2.20 2.37 1.49 1.40 1.35 1.20 1.34 3.33 4.31 
Poznan 3.33 5.08 
Rotterdam 1.38 l.84 1.54 1.22 1.23 2.69 2.86 
Wroclaw 5.00 3.98 

*: the monitoring station with maximum levels has been used; **: PM13 for Lyon and Paris, PM7 for Cologne. For abbrevia
tions see legends to tables 2 and 3. 

Table 6. - Ratio of level of pollutant measured at the station giving the maximum values to that measured at the sta
tion giving the minimum values 

S02 S02 
City 1 h 24 h BS 

Amsterdam 1.33 1.49 
Athens 3.20 2.55 
Barcelona 1.59 1.44 3.15 
Bratislava 2.25 
Cologne 1.35 1.30 
Cracow 1.24 1.89 
Helsinki 1.77 1.94 
Lodz 1.73 2.18 
London 1.57 2.11 
Lyon 1.71 2.27 
Milan 1.52 
Paris 1.29 1.48 1.71 
Poznan 1.50 1.73 
Rotterdam 2.64 2.79 2.10 
Wroclaw 1.34 1. 59 

N02 
TSP PMx** 1 h 

1.49 
2.45 

1.64 1.38 
1.13 
1.17 1.22 

2.78 1.42 

1.05 
1.93 1.25 

1.12 
1.56 1.35 

1.63 

N02 
24 h 

1.92 

1.57 

1.05 

1.48 

1.03 
1.33 
1.33 
1.41 

1.80 

1.36 1.49 
2.29 
1.11 1.18 

1.38 1.57 

1.38 1.48 

*: PM13 for Lyon and Paris. For abbreviations see legends to tables 2 and 3. 

particular times of the year (e.g. heating or prolonged 
sunlight). A small seasonality ratio indicates relatively 
constant levels of air pollution exposure for the popula
tion across the year. 

In table 6, the ratio of the measurement in the moni
toring station giving highest levels over the station giv
ing lowest levels is presented (mean for four seasons for 
every city). This probably reflects more the geogra
phical placement of the monitoring stations (e.g. the prox
imity to emission sources, such as traffic), more than the 
pollutant dispersion. Most ratios are below 2. However, 
in some instances (e.g. Athens) these ratios for all or 
some pollutants are above 2. On the other hand, the uni
formity in some cases is remarkable (e.g. London for 
N02). 

Correlations between pollutants measured at the same 
locations are generally positive. Negative coefficients 
are only noted between ozone and other pollutants, but 
this is easily explained by inverse seasonal pattern and 
the chemical behaviour of ozone, which is exclusively a 
secondary pollutant . 

Health data. Table 7 presents a summary description of 
the daily number of deaths and hospital admissions data 
to be used in the project. Deaths and admissions must 
relate to the defined study area. Emergency. hospital 
admissions are considered most suitable. However, in 
some areas, due to the recording system or other prob
lems in health care, it is impossible to distinguish bet
ween planned and emergency admissions. 

APHEA PROJECT 1035 

Table 7. - Mortality and morbidity indices ava.il�ble 
.
in 

the APHEA data analysis: total and cause-sp�c1f1c daily 

number of deaths and daily number of hospital (emer

gency) admissions by cause 

Mortality or 
morbidity index ICD-9 

All deaths (except All (except �800) 

deaths from external 
causes if possible) 
(all ages and ages 
�70 yrs) 

Respiratory deaths 460-519 

Cardiovascular deaths 390-459 

Digestive system deaths 520-579 
("control" cause) 

Hospital admissions 

Respiratory admissions 
(age groups: 15-64 
yrs, >65 yrs) 

Asthma admissions 
(age groups: 0-14 
and 15-64 yrs) 

COPD admissions 

All (except �800) 

460-519 

493 

490-496 
(all ages and only >65 yrs) 

Digestive admissions 
("control" cause) 

520-579 

Availability 
Cities n 

12 

8 

8 

8 

3 

5 

5 

5 

4 

APHEA: Air Pollution on Health, European Approach; C<?PD: 
chronic obstructive pulmonary disease; ICD-9: International 
Classification of Disease (9th revision). 

Specific causes of death and admission, mainly dis
eases of the respiratory system, }).ave been chosen as t�e 
most "relevant" outcomes of air pollution exposure. This 
was based on biological plausibility, as well as on re
sults from previous studies. 

The total number of deaths and total number of emer
gency admissions have been considered suitable hea�th 
outcomes, even though it may be argued that they m
clude a substantial proportion of "irrelevant" causes. Th�y 
are completely recorded and avoid th� problem of ffilS

classification of diagnosis or cause of dearh. Con�ol con
ditions or causes of death (digestive system diseases), 
are also studied, in order to check the absence of asso
ciation with air pollution levels. 

Table 8 shows the mean daily number of deaths from 
all causes, by season, for all cities providing m�rtality 
data (Dutch cities and Helsinki are only analy.smg ad
mission data). lt can be seen that the mean daily n�m
bers of deaths are high, which reflects the large popul�ti.ons 
covered, and there is a consistent seasonal pattern m all 
centres. 

Data on potential confounders 

Meteorological variables. Temperature (24 h) h�s been 
shown to be a very important predictor of mortality and 

Table 8. - Total daily number of deaths by city 

City Winter 

Amsterdam 
Athens 41 (7) 
Barcelona 52 (10) 
Bratislava 11 (3) 
Cologne 32 (6) 
Cracow 19 (5) 
Helsinki 
Lodz 29 (6) 
London 231 (31) 
Lyon 9 (3) 
Milan 37 (7) 
Paris 144 (17) 
Poznan 19 (5) 
Rotterdam 
Wroclaw 15 (4) 

Spring 

37 (7) 
43 (8) 
11 (3) 
31 (6) 
18 (5) 

29 (6) 
196 (18) 

7 (3) 
33 (7) 

128 (13) 
18 (4) 

14 (4) 

Summer Autumn 

26 (3) 34 (7) 
42 (9) 46 (9) 
10 (3) 10 (3) 
28 (6) 29 (6) 
16 (5) 17 (4) 

26 (6) 27 (6) 
179 (16) 191 (20) 

7 (3) 7 (3) 
28 (7) 31 (7) 

116 (16) 124 (15) 
16 (4) 17 (4) 

13 (4) 13 (4) 

Data are presented as mean and so in parenthesis. 

morbidity patterns [22, 35], and it is probably the most 
important (together with season�lity, a �el.ated pheno
menon) confounder in this analysis. Humidity �24.h rel
ative humidity) has often been defined a priori as a 
potential confounder, although results often show an 
insignificant effect of humidity on health (at the ranges 
observed in the study locations). It has. therefore, been 
decided to use temperature and humidity measurem�nts 
in all analyses. Among routinely recorded met�rolog1cal 
variables wind velocity and direction was considered an 
exposure

' 
correlate, not a confounder, whilst there is no 

evidence that other meteorological variables may be 
important. An interesting and challen�ing �eature �� the 
APHEA project is the diversity of cl�m�t1� condiuo�s 
characterizing participating cities. This is illustrated m 

table 9. 

Seasonal or other chronological variables. �eason�lity 
and other time-related patterns (i.e. cycles with penods 
from 2 years to 2 months) in the time-series will be con
trolled. Also, day of the week and holidays, as �ell as 
any unusual event (e.g. a strike in the health services, a 
heat wave) will be modelled. 

Other variables. Influenza events will be identified when 
possible. Data for pollen le�els on � dai.ly basis is not 
available in all centres, and is not bemg mcluded. 

Analysis 

Poisson regression, allowing for autocorr�lation and 
overdispersion, is used for the data analysis [16-20). 
Each centre will analyse its own data. The procedure of 
model building has been specified in detai� t� ensure a 
standardized and uniform method of analyst� m all. cen
tres. Sinusoidal terms up to the 6th order w1�l be m�ro
duced to control for periodic patterns in �e time s�nes. 
Long-term trends will be controlled by mtroducmg a 
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Table 9. - Meteorological data: 24 h temperature and relative humidity 

Winter Spring Summer Autumn 
Temp. Humidity 

City 
Temp. Humidity Temp. Humidity Temp. Humidity 

oc % oc 

Amsterdam 2.5 (5 ) 87 (8) 8.6 (4) 
Athens 9.8 (3) 71 (10) 15.5 (4) 
Barcelona 9.6 (3) 74 (12) 15.5 (5 ) 
Bratislava 0.9 (5) 81 (10) 10.3 (6) 
Cologne 3.7 (4) 80 (9) 10.7 (5) 
Cracow -1.9 (5) 84 (7) 7.9 (6) 
Helsinki -4.3 (8) 89 (7) 4.0 (6) 
Lodz -1.6 (5 ) 87 (7) 7.9 (6) 
London 7.1 (3) 77 (9) 11.3 (4) 
Lyon 3.3 (5) 83 (9) 10.9 (5 ) 
Milan 4. 3 (3) 67 (21) 13.4 (5) 
Paris 5.1 (4) 84 (9) 11.7 (5) 
Poznan -0.3 (6) 85 (7) 8.5 (6) 
Rotterdam 2.5 (5) 87 (8) 8.6 (4) 
Wroclaw -0.8 (6) 85 (7) 8.3 (6) 

Data are presented as mean and so in parenthesis. 

linear or quadratic (as appropriate) term in the model 
and/ or dummy variables for years, as appropriate. Tem
perature and relative humidity will be subsequently intro
duced with possible transformations, which will depend 
on the specific time-series data analysed (possible effects 
of local climatic conditions). Meteorological variables 
may be lagged by up to 2 days. Holidays, day of the 
week and other unusual events will be controlled, with 
the introduction of appropriate dummy variables. Influ
enza epidemics will be fitted where possible, through 
the introduction of a case count. At each step of model 
building, the residuals will be checked for remaining pat
terns. 

Air pollution variables will be entered into the models 
one-at-a-time at the initial stages of analysis. The best 
fitting transformations and time lags (lag 0, 1 and 2, and 
averages of different consecutive lags) will be used by 
each centre, for every pollutant. However, all centres 
will choose at least one average of consecutive days and 
one 1 day measurement for each pollutant at the final 
stage, for reasons of comparability. Autocorrelation will 
be taken into account using autoregressive models. In
teraction of pollution indicators and season will be inves
tigated through modelling the effects of each pollutant 
separately by season (winter, summer) including appro
priate interaction terms and a dummy variable for season 
in the models. The application of Poisson regression 
will allow calculation of relative risks. If appropriate, 
synergy between pollutants will be estimated through 
modelling (i .e. by evaluating the effects of one pollutant 
on days when the other pollutant is either "low" or "high", 
using a predefined cut-off). Every centre will report 
results at every stage of the analysis (including residual 
plots) to allow evaluation of the procedure and the choice 
of core variables. 

A meta-analysis will follow, taking as input the rela
tive risks calculated as a result of the analysis by cen
tre. At this stage, heterogeneity of relative risk estimates 
across cities will be evaluated and the distribution of pre-

% oc % oc % 

77 (11) 16.2 (3) 78 (8) 10.5 (5 ) 85 (7) 
62 (11) 26.4 (3) 50 (8) 18.6 (5 ) 65 (11) 
77 (9) 23.1 (2) 76 (7) 12.8 (4) 78 (10) 
68 (11) 20.0 (3) 65 (10) 10.0 (6) 77 (9) 
70 (12) 18.5 (4) 70 (11) 11.7 (5 ) 78 (8) 
75 (11) 16.8 (3) 76 (8) 8.2 (6) 83 (8) 
79 ( 1 6) 15 .8 (4) 75 (11) 5 .8 (6) 86 (8) 
74 (12) 16.7 (3) 75 (11) 8.2 (5) 84 (9) 
69 (10) 17.0 (3) 69 (10) 12.7 (4) 75 (9) 
72 (11) 20.1 (3) 66 (11) 12.3 (6) 78 (10) 
56 (17) 23.7 (3) 56 ( 1 2) 14.4 (6) 70 (14) 
70 (11) 19.0 (4) 71 (12) 12.3 (5) 83 (10) 
72 (12) 17.0 (3) 72 (11) 8.5 (5 ) 83 (9\ 
77 (11) 16.2 (3) 78 ( 8) 10.5 (5 ) 85 (7) 
75 (1 1) 17.1 (3) 75 (9) 8.9 (6) 82 (8) 

dictive variables, such as age structure, smoking habits, 
or general climatological features, will be' assessed in 
order to address their possible synergy with air pollutant 
levels. 

The statistical procedures applied will not be used 
blindly, but will take into account biomedical hypo
theses and biological plausibility. 

Discussion 

In recent years, the need for European collaborative 
biomedical projects has been widely recognized, and this 
fact has been expressed in the numerous European Com
munity calls for joint research proposals and concerted 
actions. There are some obvious advantages in these 
multicentre projects: they concern larger populations or 
can recruit a larger number of cases, and they usually 
represent a wider variability in the distribution of risk 
factors. An important positive result of such collabora
tions is also the transfer of know-how and the "assimi
lation" of research procedures and approaches among the 
involved groups. The need to pull together data and 
results from similar protocols has also been expressed in 
many recent attempts to apply meta-analysis. The resu
lts of meta-analysis are inherently more powerful than 
the individual results, and are useful and informative 
when the requirements for comparability across the orig
inal studies are fulfilled (36] . The alternative proce
dure of performing a joint analysis of all the data in one 
centre may offer a potential for a more thorough insight 
into the data, but its advantages over meta-analysis based 
on the same data are questionable (37] . Furthermore, it 
has two important disadvantages: fustly, it would pose 
major computational problems, due to the size of the 
joint database; and secondly it would remove from the 
programme one of its significant features, i .e .  the stan
dardization of methodology used by various European 
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Groups and the transfer of knowledge among partici
pants. 

In air pollution epidemiology, an approach based on 
such a large and diverse geographical area is particu
larly suitable for many reasons. Levels of air pollution 
observed in Europe today are, in most instances, below 
what used to be considered safe levels as reflected in 
most standards, either national or international. It is, 
therefore, difficult and requires powerful techniques to 
identify and quantify the possible health effects of these 
air pollution levels. Furthermore, the expected relatively 
weak associations to be observed under these conditions 
can often be a result of confounding effects. The obser
vation of the same relationship under different circum
stances and populations makes causality a more plausible 
interpretation of any possible association. Even a "weak" 
effect of air pollution on health will constitute an im
portant public health problem, since a unique character
istic of air pollution exposure is the ubiquity of exposure 
for large populations (36]. Important efforts were made 
to ensure reasonable comparability of air pollution data, 
through careful selection of relevant monitoring sta
tions and consideration of measurement methods in each 
city. 

The temporal studies using aggregated data (or time
series studies) are an old design, which has been used 
in other disciplines and has now been adapted and devel
oped in epidemiology, especially in air pollution studies 
(5, 1 1 ,  14, 17-22, 24]. The main drawbacks of a time
series design are the lack of individual measurements in 
exposure and outcome (i .e .  its "ecological" nature), and 
the possible presence of unmeasured confounders. How
ever, time-series studies of short-term effects, like the 
ones used in this project, which use long series of small 
units (days), tend to minimize such errors. An impor
tant feature in such study designs is that the population 
under investigation serves also as its own control over 
time and, thus, possible confounders can only be factors 
varying according to the small time-units, i.e. from day 
to day. Such factors can only be meteorological and 
chronological factors, which are accurately measured and 
easily recorded. 

It is the first time, within the framework of the APHEA 
project, that an attempt to standardize the methodology 
of analysing epidemiological time-series data has been 
made, bringing together a lot of expertise recently devel
oped in and outside Europe. The analysis of data in 
every city is performed using a strictly comparable pro
cedure, which at the same time incorporates local speci- . 
ficities in climate and air pollution mixtures. It provides 
a unique opportunity for a meta-analysis based on state
of-the-art inclusion criteria. The results will be very 
helpful in assessing whether current air pollution levels 
in Europe are harmful to human health - as far as short
term effects are concerned - and under what specific con
ditions. The APHEA conclusions will also contribute to 
the revisions of air quality guidelines, which are cur
rently underway. Within the framework of the project, 
the possibility of routinely recording the appropriate data 
to form the basis of "air pollution health effects surveil
lance" in European countries will be addressed. 

The APHEA collaborative group 

The APHEA collaborative groups consists of: K. 
Katsouyanni, G. Touloumi (Greece); D. Zmirou, P. Ritter, 
T. Barumandzadeh, F. Balducci, G. Laham (Lyon, France); 
H.E. Wichmann, C. Spix (Germany) ;  J. S unyer, J. 
Castellsague, M. Saez, A. Tobias (Spain); J.P. Schouten, 
J.M. Vonk, A.C.M. de Graaf (Netherlands) ;  A. Ponka 
(Finland); H.R. Anderson, A. Ponce de Leon, J. Bower, 
D. Strachan, M. Bland (UK); W. Dab, P. Quenel, S. 
Medina, A. Le Tertre, B.  Thelot, B.  Festy, Y. Le Moullec, 
C. Monteil (Paris, France); B. Wojtyniak, T. Piekarski 
(Poland); M.A. Vigotti, G. Rossi, L. Bisanti, F. Repetto, 
A. Zanobetti (Italy); L. Bacharova, K. Fandakova (Slovakia). 
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Introduction 

Communication about infant lung function testing, as 
in any other .field of science and medicine, requires the 
use of symbols, abbreviations, units, prefixes and suffixes. 
These should be unambiguous, and this is achieved by 
rigorous standardization by international scientific and 
medical bodies, and by governments

. 
The present 

recommendations derive from the report of the European 
Community for Steel and Coal and the European Respira
tory Society [1]. However, the list of abbreviations bas 
been modified and extended by the joint ATS/ERS 
Working Party on "Infant Pulmonary Function Testing" 
to be appropriate for the field of infant lung function 
testing. 

International system of units 

The International System of Units (SI units), which 
has superseded previous systems of units, offers the great 
advantage that it is a coherent system. Hence, any 
relationship between units based on products and quotients 
of physical quantities does not require scaljng factors. 

Measurements are described in tenns of a quantity. 
Quantities are characterized by their name, a symbol for 
the name, a name for the associated unit, and a symbol 
for that unit. Thus, for body weight the SI quantity is 
mass, symbol m, unit name and symbol kilogram and 
kg, respectively. A fifth quality is dimension. which 

does not have bearing on the present text and is, there-

fore, not discus�. . fu . . 
SI b -.a rtinent to infant lung nct1on testing 

ase um.., pe . de . 
f th . 1. d . tabl 1 Other umts nve rom ese, a 

are iste m c · . · 1· d · I . I nt to reupiratory physiology lS 1ste Ill 
se ection re eva " 

· h" h 
table 2 For practical purposes, some non-SI umts w

. 
1c 

.d
· 

1 1. ,..,.1 ·n ev...rvday life have been retamed 
are w1 e y app 1c:u 1 �·J • • 

" al 'th the SI· relevant ones are hsted m 
ior gener use WI • 

table 3. 
h · " 1 

The SI base units give rise to t e umt ior vo ume 

be. 3 that fior flow m3. ,.. 1 , and for pressure Pa. The 
mg m • · da"l t" as ti .+a are cumbersome m 1 y prac ice, 

ormer two um.... · 

all 
b th 1 1 ......,_ --A ventilatory flows are only sm 0 ung VO Uu-.7 iUIU h al . 
fractions of the units given; conversely, t e pasc is 

Table 1 .  SI baM unlU 

Name of quantity 

Length 
Mass 
Time 
Thermodynamic r.err�$lfe 
Amount of subs£ane.e 

Name o f  
unit 

metre 
kilogram 
second 
kelvin 
mole 

Table 2. - Selectcc' SI derfVed units 

Name of quantity Same af Symbol 
� for unit 

Frequency 
Force 
Pressure 
Energy, work 
Power 
Celsius tempetatw:e 

otWtOO 
� 
joule 
W-Al 
degree 
c.eh1us 

Dynamic viscosity poiiC 
Kinematic viscosity '10kes 

Hz 
N 
Pa 
J 
w 

p 
St 

Symbol for 
unit 

m 
kg 
s 
K 
mol 

Definition 
of unit 

s-1 
m·kg·s-2 
N·m-2 
N·m 
J.5-l 
* 

I0-1 ·Pa·s 
lo-4·m2·s·1 

- defined a5 the difference t - T - T0 
*: Celsius tempeu1?¥:e (/J � T and T. = 273.15 
between the � �  0 
kelvin. 
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