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Air pollution and cause specific mortality in Athens
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Abstract
Study objective-The aim was to

investigate the reported association
between air pollution and cause specific
mortaity in the city of Athens.
Design-Cause specific mortality was

contrasted between 199 d with high values of
air pollution and 2*199 comparison days
with low pollution, matched in a 1:2 ratio on
the basis of various confounding factors.
Statistical analysis was done, taking
matching into account, using analysis of
variance for randomised blocks.
Setting-The study was confined to the

city of Athens, using data obtained between
1975 and 1982.
Participants-Cause of death was

assessed in all 25 138 persons dying in the
3*199 d studied.
Measurements andmain results-Causes

of death were evaluated blindly by two
medically qualified investigators on the
basis of information in the death
certificates. Mortality was generally higher
during the high pollution days but the
difference was more pronounced and more
significant for respiratory conditions, even
though the number of deaths in this
category was smaller than the
corresponding numbers in the other two
categories examined (cardiac and "other"
deaths).
Conclusion-The results show that the

short term association between air pollution
and overall mortality in Athens is likely to
be causal, since it is particularly evident
with respect to respiratory conditions, for
which a biological air pollution link is more
plausible.

The lethal short term effects of high levels of air
pollution have been documented more than 30
years ago in studies of very severe episodes which
occurred in the USA and Northern Europe.'
Since that time, specific measures have been taken
and air quality standards have been set, resulting
in substantial lowering of the air pollution levels
in most developed countries. However, more
recent studies have demonstrated short term
effects of air pollution on health even at relatively
low levels, eg, when values ofsmoke are below 500
pg/M3'2 3

Athens faces a serious air pollution problem
which has probably existed for more than 20
years. Monitoring of pollutants, such as SO2 and
smoke, started in the mid-seventies and revealed
that levels of smoke and SO2 often exceeded 500

jig/m3.4 Between 1975 and 1982 a gradual
reduction in the levels ofSO2 and to a lesser extent
of smoke occurred as a result of several measures
implemented to improve the quality of heating
and car fuel.5 However, since 1982 pollution
levels have stabilised, with an apparent change in
pollutant profile towards a more pronounced
photochemical component.6 The study ofadverse
health effects remains, therefore, relevant.

In a recently published paper5 the results of
the study of short term effects of air pollution on
total mortality were reported, using daily
measurements of smoke and SO2 as indicators of
air pollution and daily number of all deaths in the
Greater Athens area for the years 1975-82 as the
health response variable. A positive statistically
significant "effect" of high values of SO2 on
mortality was observed after controlling for the
potential confounding effects of several variables
(temperature, humidity, seasonal patterns,
secular trends, monthly variation, day of the
week, holidays etc), with a threshold at about the
level of 150 pg/m3 SO2 (geometric mean from
measurements of five stations). In that study
residual confounding by an unidentifiable or
inadequately controlled factor could have been
responsible for the results. One way to investigate
the existence of such confounding is to use the
specificity criterion to assess causality, ie, to
explore whether the observed association
concerns mainly deaths from respiratory causes,
for which there is a more plausible a priori
hypothesis. We report here the results of a study
undertaken to investigate the association between
air pollution and cause specific mortality for all
ages as well as for specific age groups.

Methods
During the years 1975-1982 (inclusive) the total
number of deaths reported to the Athens Town
Registry and the Registries of all contiguous
towns exceeded 100000. Routine statistics on
cause of death, age, sex, etc, are not available
through the National Statistical Service or any
other Authority on a daily basis, nor are the data of
individual death certificates computerised. The
information needed in order to study cause and
age specific mortality had to be abstracted by us
from the original death certificates. Since the
amount of work involved in order to record
information on all deaths during the study period
was disproportionally high, we decided to change
the study design in order to maximise cost-
efficiency. A design contrasting high and low
exposure was chosen where "index days" were all
the days (n = 199) with high pollution levels (mean
geometric value of SO2, as pollution indicator
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from five monitoring stations, > 150 jg/mi3, ie, on
or above the level of the estimated threshold for
the study period),5 and "comparison days" were
days (n = 398) with low pollution levels
(SO2 < 150 ig/M3) individually matched to the
index days for all the previously established
confounding factors.5 More specifically, each
index day was matched with two comparison days
using the following criteria: (1) index and
comparison days should not differ in 24 h mean
temperature by more than 4'C; (2) index and
comparison days should belong to the same, the
previous or the following calendar year; (3) index
and comparison days should belong to the same
season of the year and not differ by more than
20 d; (4) comparison days should be the same
week days as the corresponding index day; (5) ifan
index day was a holiday so should be the two
comparison days.
For example, Tuesday, March 13, 1979

(temperature 140) was matched with Tuesday,
March 20, 1979 (temperature 16') and Tuesday,
March 4, 1980 (temperature 14'). Index days were
either single days (about 50 days) or ran over two
or three consecutive days. Index days were
concentrated more in the early years of the study
period and especially during the winter months.
Information on age, sex, and cause of death
concerning all deaths which occurred on the 199
index and 398 comparison days included in the
study was abstracted from death certificates of the
Athens Town Registry and the Registries of the
contiguous towns. All deaths and burials
occurring in these towns must be recorded in the
Town Registries.
The information about the cause of death was

photocopied from the death certificates and the
deaths were blindly (as to the level of air pollution
and the values of confounding factors) classified
by two of us according to immediate and
underlying cause ofdeath using the ICD8.7 Three
categories were used for the underlying, as well as
for the immediate cause of death: cardiac deaths,
deaths from respiratory causes, and "other".
Also, a descriptive parameter was calculated
taking the difference of the percentage of deaths
observed on index days from the expected
percentage, ie, 33-33%. Statistical evaluation was
done using goodness of fit x2 taking no account of
the matching and ANOVA for randomised blocks,
considering every set of one index and two
comparison days as one block-a total of 199
blocks (this way of analysis preserves the
matching of index and comparison days and
increases statistical precision while allowing an
assessment of the efficiency of "blocking").8

Results
Table I shows the mean and maximum daily
values of S02 and smoke (based on daily smoke
filter observations, assessed by reflectance) by
measurement site for the study period, and table
II shows the mean values ofthe geometric mean of
the five measurement stations by year. Table III
shows the number of deaths which occurred on

index and comparison days by underlying cause of
death for all ages. The number of deaths from
respiratory causes shows a statistically significant
excess during index days (p < 0-05). The observed

number of deaths from respiratory causes during
index days was 767, while only 723 would be
expected under the null hypothesis. There were
also more deaths from both cardiac and other
causes on index days, but these excesses are
smaller (as shown by the differences in expected
and observed percentages on index days) although
still statistically significant for "other" causes.
Table IV shows the number of deaths which
occurred on index and comparison days by
immediate (proximate) cause of death. Deaths
from respiratory causes show a similar excess to
that observed when underlying causes were
analysed. Deaths from other causes also show an
excess, which again is proportionally smaller but
still statistically significant. In Tables V and VI
the number of deaths which occurred on index
and comparison days is shown by underlying and
immediate cause of death respectively, among
persons aged 75 years or more. The number of
deaths from respiratory causes was greater during
the index days (p < 0 10 for underlying causes and
p < 0005 for immediate causes). The observed
number of deaths from underlying respiratory
causes was 472 while the expected was 443; and
the corresponding figures with respect to
immediate causes are 392 and 355. An analysis for
infant mortality showed a similar pattern, but the
number of deaths was too small to allow statistical
substantiation.

Discussion
Public health measures have led to the reduction
of air pollution levels, at least in countries where
the problem has been acute for 20-30 years.9
However, in the last 10 years, there has been
growing concern about the short term health
effects of lower levels of air pollution (ie, lower
than the air quality standards set by national and
international organisations2 3). The aggregate
evidence, however, remains inconclusive.' The
levels of some air pollutants monitored in Athens
(particularly smoke, NO2 and CO) are generally
high, frequently exceeding the WHO air quality
guidelines. 10 11 For example, measurements of
NO2 (1 h) at the centre of town exceeded 400
gg/M3 on 12 d and 250 gg/M3 on 135 d during the
five year period 1983-1987 and the value ofsmoke
(24 h) was more than 250 jig/M3 on 313 d during
the same period.6 Athens may, therefore, be
considered as a city facing a serious air pollution
problem. Furthermore, the pollution mixture in
Athens may be different from that studied in other
settings, since high levels of both smoke and
photochemical pollutants are noted. Lastly,
factors known to affect mortality, particularly
high summer temperatures, are more common in
this city'2 than in other cities where the interactive
effects of air pollution and other environmental
factors have been investigated.'3 14
The study reported here is a contribution

towards the identification and measurement ofthe
short term effects of moderate levels of air
pollution on mortality. The short term effects of
air pollution on mortality from respiratory and
other diseases are investigated using an "extreme
points" contrast in order to maximise the inherent
power of the design.'5 16 In addition, the
comparative evaluation of the effects of air
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Table I Mean and maximum daily values of SO2 and smoke, by measurement site,
in Athens 1975-82.

SO2 (pg/m3) Smoke (pg/m3)
Measurement
site Mean Maximuwn Mean Maximum
National Observatory 80-1 797 0 35-0 239-0
University Club 907 936-0 109 4 790-0
Agricultural School 98-8 392-0 43-8 440-0
School of Visiting Nurses 81 3 695-0 64-7 5700
Student's Hostel 96-6 870-0 68-6 740-0

Table II Mean values
(standard deviations) of
the geometric mean of
daily measurements, from
five measuring stations, of
SO2 and smoke by year

S02 (pg/im3) Smoke (pg/im3)
Year Mean (SD) Mean (SD)

1975 126-5 (102-5) 73-3 (41-4)
1976 90 7 (55-5) 66-5 (33-0)
1977 92-8 (48-0) 56-5 (30 3)
1978 78-5 (33-1) 51-6 (28-5)
1979 80-9 (34-4) 54-3 (31-7)
1980 73-7 (32-3) 56-6 (29-7)
1981 76-0 (34-6) 53-6 (34-8)
1982 62-4 (17-5) 41-4 (23-7)

Table III Number of deaths which occurred on "index" and "comparison" days
according to underlying cause of death (all ages)

Number of deaths
Underlying Percent observed minus
cause of Index Comparison percent expected
death days days on index days x2(p)a F(p)b

Cardiac 3952 7702 0-58 173c 2-93(<0l10)
Respiratory 767 1404 1 99 3-83(0 05) 5-19(< 0-03)
Other 3860 7433 0-85 3-67(<0-10) 8-32(<0-005)
Total 8579 16539 0-82 7-60(<0-01) 10-72(<0-005)

ax2 goodness of fit
F from ANOVA for randomised blocks

C p>0-10

Table IV Number of deaths which occurred on "index" and "comparison" days
according to immediate cause of death (all ages)

Nunber of deaths
Immediate Percent observed minus
cause of Index Comparison percent expected
death days days on index days x2(p)a F(p)b
Cardiac 5197 10 234 0 35 082c 1-32c
Respiratory 730 1315 2-37 5-07(<0-05) 8-43(<0 005)
Other 2652 4990 1-37 6-49(<0-05) 11-90(<0 005)
Total 8579 16 539 0-82 7-60(< 0-01) 10-72(< 0 005)

ax2goodness of fit
bF from ANOVA for randomised blocks
Cp>0-10

Table V Number of deaths which occurred on "index" and "comparison" days
according to underlying cause of death (only persons aged 75 years or more)

Nunber of deaths
Underlying Percent observed minus
cause of Index Comparison percent expected
death days days on index days x2(p)a F(p)b

Cardiac 2191 4358 0-13 0-04c 0 08C
Respiratory 472 858 2-16 2 85(<0-10) 3 35(<0-10)
Other 1341 2701 -0-15 0-04 0-08
Total 4004 7917 0-26 034c 0.95c
a x2 goodness of fit
b F from ANOVA for randomised blocks
Cp>0-10

Table VI Number of deaths which occurred on "index" and "comparison" days
according to immediate cause of death (only persons aged 75 years or more)

Number of deaths
Immediate Percent observed minus
cause of Index Comparison percent expected
death days days on index days x2(p)a F(p)b
Cardiac 2726 5543 -0-36 0.49c i1IOc
Respiratory 392 674 3-44 5 78(<0 05) 8-10C<0 005)
Other 886 1700 0 93 1 00 1-95
Total 4004 7917 0-26 0-34c 0.95c

x2 goodness of fitb F from ANOVA for randomised blocks
Cp>0-10

pollution on cause-specific mortality allows the
utilization of the specificity criterion in order to
assess the causal nature of the association of air
pollution and overall mortality. Thus the
untowards health effects of air pollution, if any,
should be more pronounced for respiratory
diseases, and weaker for the conditions which lack a
strong respiratory or circulatory component. It
should be noted that the matching approach used
could be reserved in order to study temperature
effects, controlling for air pollution levels.
As early as 1953 Logan17 reported that the

increase of mortality in the 1952 London air
pollution episode was mainly due to an eightfold
increase in deaths from bronchitis and a threefold
increase in deaths from pneumonia, while deaths
from all other causes showed smaller relative
increases. Similar conclusions were reported by
Martin and Bradley"8 from London; Greenburg et
al,'3 Schimmel and Greenburg,'9 and Schimmel
and Muraski20 from New York; and Mazumdar and
Sussman2' from Pittsburg. Results from studies
focusing on various pollution and morbidity (rather
than mortality) indicators have also supported the
notion that the main health effects of air pollution
concern the respiratory system and, to a lesser
extent, the circulatory system. These studies have
been undertaken in many cities and countries ofthe
world including Nashville, Tennessee,22
Chicago,23 London,2425 New York,2S28 Los
Angeles,2>3' Ontario,32 33 and Dublin.34 3

Different studies have used various air pollution
indicators depending on which pollutants were
perceived as important and according to availability
ofmeasurements. It is not easy to specify the effects
of each specific pollutant on health, since the exact
composition of the polluted air is rarely known and
the levels of most pollutants are highly correlated.
In Athens, during the study period (1975-1982),
only SO2 and smoke levels were systematically
measured, but it is highly likely that photochemical
pollution was already considerable. In the present
study, SO2 was used to define high and low
pollution days because the respective
measurements were available throughout the study
period in all five stations of the air pollution
monitoring network and its distribution
throughout the covered area was more uniform
compared to that of smoke.5 36 Nevertheless SO2
and smoke were highly correlated (r=0 73) and
correlations between other pollutants and SO2 were
also likely to be strong, making the latter an
acceptable overall air pollution indicator. It follows
therefore that SO2 is only an "index" of air
pollution, and the specific "threshold" used here to
define high pollution days may not have the same
meaning in a different context, ie, in a different area
or tine period.
- The possibility of residual confounding and
hidden biases can never be excluded in
observational studies. It is therefore conceivable
that the previously reported association between
daily SO2 and total daily mortality5 37 was not
causal, even though great care was taken to control
seasonal, weekly, and monthly variations as well as
possible confounding relationships with extreme
temperatures, humidity, and other meteorological
factors. In the present study, the air pollution
association with respiratory causes is
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specifically strong, making causality a more

plausible interpretation of the results.
In conclusion, air pollution in Athens during

the study period appears to have definite short
term effects on the mortality ofthe residents ofthe
city. The association is not very strong but the
results of the present study clearly indicate that it
is causal since it is particularly evident with
respect to respiratory conditions, thus satisfying
the specificity criterion of causality.38

This study was supported by a grant from the Ministry
of Industry, Research and Technology, Athens, Greece.
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