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FOR MEMBERS USE ONLY COMEAP/2002/12C ADDENDUM

COMMITTEE ON THE MEDICAL EFFECTS OF AIR POLLUTANTS

OZONE – FURTHER ANALYSIS OF EFFECTS ON MORTALITY AND
HOSPITAL ADMISSIONS – PLOTTING COEFFICIENTS AGAINST MEAN
OZONE LEVELS

NB Information on a further study was received after completion of this paper.
Readers should also refer to COMEAP/2002/12C ADDENDUM 2.  This
contains amended versions of all the figures.

1. If there is a threshold it would be expected that the slope below the
threshold would be flat and the slope above the threshold would be
steeper.  Therefore, if the range of ozone concentrations in a study is
below or mostly below the threshold, then the regression coefficient for
that study should be small.  If the range of ozone concentrations in a study
is above the threshold, the regression coefficient should be greater.

2. The mean ozone concentrations are already entered on the St George’s
database.  However, there could be difficulties in interpretation if the
coefficient were just plotted against the mean concentration as there can
be different ranges for the same or very similar mean.  For example, a
panel study in New Jersey ((Spektor et al.  (1988); Kinney et al.(1996))
quoted a mean of 53 ppb with a range from 40 to 113 ppb whereas a
panel study in Tuscon, Arizona with a mean of 55 ppb (SD 14) had a
range from 15 to 92 ppb ((Krzyzanowski et al.  (1992)).  In addition, even if
the mean were below a putative threshold, the range of values might
extend above it.

3.  Air pollution data has been extracted from the papers relating 8-hour
average ozone concentration and all cause mortality and is shown in Table
1.  The first group of studies are ranked by mean ozone concentration and
a second group, where means were not given, are ranked by median
ozone concentration.  The data is represented pictorially in Figures 1a to c.

4. The coefficients are plotted against mean ozone concentration in Figure 2.
It can be seen that there is only a slight trend towards higher coefficients
at higher ozone concentrations and this may be influenced by a significant
negative outlier.  [No trend is found in Addendum 2]  Confidence intervals
have been omitted for clarity but are shown separately in Figure 2a.  It
should be noted that the confidence intervals for 2 or 3 estimates are very
wide.  For example, the confidence intervals for Zmirou et al. (1996) are
vary from –1.02 to 2.23, those for Hong et al. (1999) vary from –4.5 to –
0.29 and those for Tenias-Burillo et al. (1999) from –0.15 to 2.53.  Thus,
the confidence in the size and direction of the trend may be weak.

5. As mentioned earlier, the range of ozone concentrations in each study is
quite wide and they overlap extensively.  A plot of the studies that gave a
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mean and a 10th to 90th percentile is shown in Figure 3.  This may suggest
that the ranges in ozone concentrations in different studies are not
sufficiently distinct to illustrate a threshold even if there is one.
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Study Mean
(ppb)

SD Min 10th

percentile
25th

percentile
median 75th

percentile
90th

percentile
Max Estimate %

per 10 µµg/m3

or 5ppb

lower
CI

upper
CI

Place

Zmirou D 1996 5 0 39.5 0.59 -1.02 2.23 Lyon
Michelozzi P

1998
13 9.8 5.2 10.5 18 0.38 -0.03 0.79 Rome

Hong, YC 1999 15.4 7.4 2.1 49 -2.42 -4.5 -0.29 Inchon
Anderson HR

1996
15.5 10.9 1 4 8 14 21 28 74 0.46 0.21 0.71 London

Wong,C.M. 2001 16.8 0 84.5 0.18 -0.18 0.54 Hong Kong
Bremner SA

1999
17.5 11.5 1.9 4.4 16 30.1 79.9 -0.14 -0.45 0.18 London

Simpson RW
1997

18.1 1.7 16.7 63.4 1.18 0.39 1.98 Brisbane

Galan L 1999 21.1 13.8 4.8 39.6 49.4 0.33 -0.13 0.79 Madrid
Roemer,W.H.

2001
21.5 5.5 12 20.5 28 36.5 110.5 -0.17 -0.52 0.18 Amsterdam

Tenias Burillo, J
1999

22.8 5.1 9.8 35.8 62.5 1.18 -0.15 2.53 Valencia

Anderson 2001 24 13.8 0.4 6.7 24 37.5 89.9 0.5 -0.02 1.02 West
Midlands

Saurina C 1999 33.8 0 118 0.35 0.03 0.68 Barcelona
Cadum,E. 1999 36.9 25.5 0.5 4.3 72.3 109.7 0.32 -0.12 0.76 Turin

Zeghnoun,A.
2001

6 13 22 0.28 0.06 0.5 Paris

Zeghnoun,A.
2001

8.5 18.5 36 0.75 0.07 1.43 Strasbourg

Hoek 2000 0.5 23.5 59(P95) 113 0.22 0.13 0.31 Netherlands
Zeghnoun,A.

2001
12.7 26 44.5 0.65 -0.05 1.35 Lyon

Zeghnoun,A.
2001

23 34 45.5 1.58 0.59 2.57 Toulouse

Borja-Aburto VH
1997

16 45 (P5) 74 94 114 139(P95) 179 0.21 0.1 0.32 Mexico City

Klemm R J 2000 -0.2 -1.27 0.88 Georgia
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6. Similar results are found if the coefficients are plotted against median
ozone concentrations (Figure 4).  There is no evidence of a trend.  The
10th to 90th percentiles are not shown here but Figure 1 indicates that they
do overlap.  The only study where the range of ozone concentrations
stretches well out of the range of the others is that for Mexico city (Borja-
Aburto et al. 1997) (median 94 ppb; 5 th to 95th percentile 45 to 139 ppb).
However, the coefficient in this study is modest 0.21% per 10 µg/m3 (0.1 to
0.32).

7. In plotting ranges in Figure 3, the 10th to 90th percentiles representing 80%
of the data were used.  It was not considered appropriate to use the
maximums and minimums because these can represent extreme single
days which would not be expected to drive the coefficient to any great
extent.  However, for interest, the coefficients are plotted against
maximum ozone concentrations in Figure 5.  Again, there is only slight
evidence of an increasing trend [Addendum 2 shows a slightly greater
increasing trend].

8. Examination of Table 1 indicates that statistically significant effects were
found in:

a) studies with a maximum no higher than 63.4 ppb (mean 18.1 ppb)
(Simpson et al. 1997),

b) studies with a mean no higher than 15.5 ppb (maximum 74 ppb)
(Anderson et al. 1996)

c) studies with a median no higher than 13 ppb (75th percentile 22 ppb)
(Zeghnoun et al. 2001 (Paris)).

Three studies at low ozone concentrations did not find significant positive
effects.  One study in Korea (Hong et al. 1999) found a significant negative
effect (this study showed a positive slope above about 25 to 30 ppb see
COMEAP/2002/9a).  The study by Zmirou et al. 1996 had very wide
confidence intervals and noted that the ozone monitor was situated in a
heavily trafficked urban area which is not ideal for measuring population
exposure as it underestimates ozone concentrations away from traffic.
The study by Michelozzi et al. 1998 (mean 13 ppb, 75th percentile 18 ppb)
was only marginally outside statistical significance.

9. It should be noted that even if the coefficients do not vary by the range of
ozone concentration, there is still the possibility that the coefficients
themselves were a linear representation of a raw dataset which was
suggestive of a threshold.  In fact, as discussed in COMEAP/2002/9a, it is
known that there is a suggestion of a threshold in the studies by Wong et
al. 2001, Hong et al. 1999, Anderson et al. 1996 and, possibly, Galan et al
1999.  The other studies did not report the shape of the dose-response
function.  The confidence intervals might be expected to be wider if a
straight line was being fitted to a ‘curved’ dataset but there are other
reasons why the confidence intervals could be wide.  Small sample size is
one reason although this could be checked.  However, it is also possible
that there is not a tight fit to a straight line because the points are just
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randomly scattered away from the line.  It would not be possible to
distinguish this from a loose fit due to trying to fit a straight line to a curve
without writing to the authors of the relevant studies to ask about the raw
data.

Conclusions

10. The Committee’s comments are invited on the following:

a) Is the approach taken in this paper a reasonable one in theory?
b) Do the overlapping ranges of ozone concentrations in this particular case

mean that any conclusion is uninterpretable?
c) Does the plot of coefficients against mean ozone concentration provide

weak evidence for a threshold (due to a slight increasing trend) or should
the plot be taken as evidence against there being a threshold (due to the
lack of a marked upward trend)?

d) How serious a drawback is the possibility that the coefficients are masking
an indication of a threshold in the underlying raw data?

e) Does the Committee agree that there is evidence for an effect, at some
levels at least, below 63 ppb?

f) What is the Committee’s view of the three studies that do not find
statistically significant increases at low ozone concentrations (paragraph
8) – are the studies sufficient to conclude that there is evidence against
effects at these concentrations?

g) Does the Committee consider it would be worthwhile repeating this
approach for other health outcomes?

Secretariat
October 2002
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