COMMITTEE ON THE MEDICAL EFFECTSOF AIR POLLUTANTS
STATEMENT ON LONG-TERM EFFECTSOF PARTICLESON MORTALITY
I ntroduction

1. Two sudiesin the United States have shown that those living in less polluted cities live
longer than those living in more polluted cities. After adjustment for other factors, an
association remained between ambient concentrations of fine particles and shorter life
expectancy. We considered these studies in 1995 and concluded that it was prudent to
regard this association as causal. In 1998, we did not recommend that these studies should
be used as abasis for quantifying the effects on health of long term exposure to particulate
ar pollution in the UK but noted that, had these studies been used, our assessment of the
overal impacts of ar pollution would have been considerably increased.

2. Since 1998, areandysis of these studies has been published by the Hedlth Effects
Indtitute (HEI Reanalyss) and a multi-disciplinary team co-ordinated by the Indtitute of
Occupational Medicine has developed a methodology for quantifying long term effects
(IOM Report). We have been asked to update our opinion on the long term effects of
particlesin the light of these and other studies.

Developments since 1998

3. We noted previoudy that the cohort studies may not have taken confounding by
socioeconomic factors sufficiently into account. The HEI reanalys's has now examined a
wider range of factors such as poverty and unemployment and has found no marked impact
on the dl cause mortality results. Level of education was a strong effect modifier (the effect
of particles on mortality decreasing with increasing education). Regiond correlations were
found between mortdity ratesin cities suggesting unknown factors affecting mortdity.
Controlling for this reduced the risks associated with particles.

4. Since particle levels were measured over only afew years, the sudies cannot take
account of different durations of exposure or differencesin higoricd leves of pollutionin
cities. The HEI reandyss could not be expected to resolve this limitation in the origina
datasst. However, the HEI reanayss did find that risks were smilar in those over and
under 50. This suggests that exposure durations of under 50 years are sufficient to have an
effect dthough no lower limit of necessary exposure has been defined. A UK study found
that exposure to cod-derived air pollution in early childhood was not a predictor of
respiratory mortdity in later life. This suggeststhat very long lag-times between exposure
and effect are unlikely but does not rule out an effect of air pollution exposure after early
childhood.

5. The HEI reandyss found that mainly cardiovascular mortality was affected. The
apparent lack of an effect on respiratory mortdity is puzzling. 1t was dso found that the
risks were amilar in those with and without pre-existing disease and in smokers and non-



smokers. This suggests that the mechanism does not involve aworsening of previous
disease.

6. We noted the absence of any UK or European studies and consequent concerns about
transferability of the US results when last conddering quantification of the long term effectsin
1998. Since then, the UK study mentioned above has examined one aspect (early
childhood exposure) and studies in the Netherlands and France are underway but not yet
complete. Inthe US, astudy in Seventh Day Adventists found a positive associgtion
between al-cause mortality and particle levels above 100 ug/nt in maes but not females.
An earlier sudy in 1991 from the same group had found no effects on mortdity. The
implications of these results for the genera population are unclear given the substantidly
different lifestyle of Seventh Day Adventists and are difficult to use for extrapolation to other
populations.

7. The HEI reanadyss found an effect of sulphur dioxide on mortdity and the inclusion of
sulphur dioxide in the modds reduced the effects of fine particles and sulphate. The HEI
reandyss also found evidence of regiond heterogeneity. This suggeststhat careis needed in
transferring results from one place to another.

8. Therecent findings support our previousview that it is prudent to consder these
associations as causal and that the size of the effect could be substantial. We now
know mor e about the effects although we still know little about possible
mechanisms or how much different durations of exposure matter. The |OM report
has now provided the methodology to quantify the effects. If true, the observed
associations between long-term exposur e to particles and shortening of life
expectancy are important, and thisleads usto believe that we should attempt to
quantify the possible effectsin the UK. It isstressed that any attempt to quantify
these possible effects should be accompanied by and, under no circumstances

separ ated from, a statement of the attendant uncertainties.

9. Because many factor s affect mortality and there are also likely to be factors
affecting susceptibility to thelong term effects of air pollution, the quantitative
impact of pollution could vary between countries with different cultures and
lifestyles. Thisvariation cannot be predicted. For this, and other reasons, we
consider it unwiseto give a single estimate of possible effects. We develop below a
range of estimates along with comments on our confidence in them.

Quantification

10. We have expressed the results in terms of a 1 pug/nt drop® in annua mean PM. 5. The
results of the calculations gpply to the population of England and Waes dive in 2000
assuming a1 pg/nT drop in annua mean PM, 5 is maintained for the rest of their lifetime (up
to 105 years). Coefficients range from a 0.1% to 0.9% decrease in hazard rate based on
relative risks and confidence intervals from the largest cohort study. Lag times vary from an

! Concentrations are given as gravimetric measurements.



immediate effect to a step change after adday of 40 years. These changes are only gpplied
to those over 30. A separate rough estimate of the life years gained, if the effect of short-
term exposure on mortality is reduced, is aso given for a1 ug/nt drop in annua mean PM 1o
(not PM5). For smplicity, thisincludes the under 30s and assumes an effect on al ages.
Asexplained in paragraph 42 of the attached report, the caculation is done in adifferent
way, with several assumptions and is based on a different type of study (time-series studies).
It isintended only for the purposes of arough comparison.

Table S1 Estimated total gainsin life years (millions) in population of England and Wales 2000, followed
to extinction with arange of reductionsin hazard ratesin those aged 30 years and over. Total effects

immediate, phasing in gradually or step function after up to 40 years based on a 1 ug/nt drop in annual
mean PM .5, (Thisiswhy the figures are given as arange in the second column of the table.) Estimate of
effect in time-series studies based on a 1 pg/nt drop in annual mean PM ;o assuming a coefficient of

0.075%, aloss of life expectancy of 2 to 6 months per death brought forward and asimilar effect on all
ages. Cl —confidenceinterval. ACS- American Cancer Society study.

Reduction in mortality Total life Comments
rate yearsgained
(millions)

Rough comparison based | 0.007 —0.02 | Estimate congdered highly likely to be a

on PMy, effect in time- least thislarge. Time-series sudies well

series studies replicated. Represents the possibility that
the gpparent long term effect of particlesis
actudly explained by unknown
confounders.

0.1% from lower adjusted 02-05 Estimate considered most likely to be

relative risksin HEI report around thissize. Thistakes account of the
smal number of confounding factors that
subgtantialy reduced the rdaive risksin the
HEI reandyss.

0.3% from lower CI 1.09 06-14 Edtimate congdered reasonably likely but

(ACYS) higher than predicted by some of the
adjusted rdlative risks in the HEI reandyss.

0.6%fromRR 1.17inACS | 1.2-2.8 Edtimate consdered less likely. In most

study cases, factors examined in the HEI
reanayss did not markedly affect the
relative risk but some did and there may
aso be unknown confounders. Higher
exposuresin the past may aso lead to an
overesimate of the risk a current levels,

0.9% from upper Cl 1.26 18-41 Egtimate consdered implausibly large for

(ACYS) the reasons given above and in comparison
with other risks or totdl changesin life
expectancy in recent years.




11. The esimates range from 0.007 to 4.1 million life years gained over the rest of the
lifetime of the population divetoday. Thisrange could be expressed as from aday or less
to 1 month per person but it should be noted that the gainsin life expectancy are unlikely to
be evenly distributed across the population. For example, the estimate we considered most
likely (0.2 to 0.5 million life years) could be expressed as 1.5 to 3.5 days (say 2.5 days)
gained per person for dl 52 million people; 5 days for 25 million people; nearly 2 months for
2.5 million people or 4.5 months for 1 million people or a mixture of these. We cannot
distinguish these possibilities a present.

12. Theresults derived from the cohort studies can aso be expressed on the basis of a
sngle birth cohort born in 2000 and followed up for their lifetime. Thisislessrelevant for
assessing the Size of the effect but is a useful sandard measure for comparing with other risk
factors such as smoking. This shows that the answers can range from about 0.5t0 4.5
weeks.

Conclusions

13. Although there are many uncertainties, the quantification exercise highlights what these
are and what difference they make. The range of estimates is wide but may nonetheless be
useful. When using the results, the following points should be noted.

(i) Our comments on the key uncertainties (see below) should be quoted.

(if) Application of the resultsto large changes in pollution adds to the uncertainties (see
paragraph 38 of accompanying report).

(iif) The composition of the particles isimportant; it cannot be assumed that these results
extend to pollution climates very different from those typicd of US cities. For example, we
do not know whether these estimates would apply around point sources.

(iv) These resuits relate not only to a1 pg/nt change in PM 5 but also to a particular
population (those dive in 2000) and a particular length of follow-up (105 years). We
acknowledge that cost-benefit andysis of particular policy scenarios may require different
populations and follow-up periods. We congder that this could be dedlt with by performing
new lifetable caculations, provided the same methodology was used.

14. Our conclusons are asfollows:

0) We consder it more likdly than not that a causa association exists between long
term exposure to particles and mortality. We consder that this association is
transferable to the UK, dthough the quantitative impact may not be exactly the
same.

(i) We congder thet, given thereisinformation regarding the Size of the effect, it is
preferable to assess this and comment on it rather than ignore it. Nonetheless there
are great uncertaintiesin this process and it is vitd that these are made clear. We



(i)

)

(i)

(vii)

(viii)

(ix)

condder that the long-term effects are more uncertain than the short-term effects but
that it would be unwise to dismiss them completely.

It is possible, dthough unlikely, thet there are no long term effects, if the results are
explained by unknown confounders, confounding by sulphur dioxide or lack of
control for spatia variation. If o, the only effect on mortaity would be that
detected in the time-series studies.

An gpproximate cdculation assuming aloss of 2 to 6 months of life per degth
brought forward suggests again of 0.007 to 0.02 million life years per ug/n® drop in
PM 1o for mortality from short-term exposure as detected in time-series studies.
Although intended only as a rough comparison, this does suggest that the gain
in life years from the cohort sudiesis a least 10 fold greeter than that from the time
series sudies done.

The above calculation and those below are based on the population of England and
Wades divein 2000 followed for 105 years as anillugration. Other populations and
years of follow-up could be used provided the same methodology isfollowed. The
calculations below are expressed per pg/nt drop in PM, s representing around a 5
% reduction from current levels.

Using arange of possible coefficients from the cohort studies leads to an estimate of
0.2 to 4.1 million life years gained per pg/nT drop in PM,s, This could be
expressed as up to 1 month per person on average if everyone was affected but
could also represent alarger gain for fewer people.

We congder that estimates at the lower end of the range are more likely. We
know that afew of the confoundersin the HEI reanays's reduced the rdlative risks
and there may be other unknown confounders. If higher exposuresin the past are
contributing to the effect, then the predicted effect of current levelswill be
overestimated. We consder the upper end of the range to be implausibly large
compared with risks in other contexts and with the tota changesin life expectancy
seen in the lagt 20 to 30 years when particle levels have been dropping dramatically.

The mgority of the Committee consdered that an estimate of 0.2 — 0.5 million life
years (1.5 to 3.5 days per person or more) could be used to estimate the benefits of
pollution reduction. The higher estimates could be included in sengtivity andyssin
increasing bands of uncertainty asthe Sze of the estimate increases. The possibility
of there baing no long term effects should dso be included in sengtivity andyss.

For abirth cohort born in 2000 and followed up for ther lifetime, thegainin  life

expectancy for the same reduction is estimated as between 0.5 and 4.5 weeks.

)

Taking actua exposures into account, the estimates are less than those for active
smoking but the relative risk for mortdity from heart disease is Smilar to that for



passve amoking. The esimates are in line with othersfor air pollution in the
literature.

()  Thekey uncertainties are whether the results can be explained by undetected
confounding, whether high exposuresin the past lead to an overestimation of the
effect, what lagtimes and what duration of exposure are required for the effect and a
lack of understanding of the underlying mechanism. These uncertainties need to be
addressed by further research.

March 2001



COMMITTEE ON THE MEDICAL EFFECTSOF AIR POLLUTANTS
REPORT ON LONG-TERM EFFECTS OF PARTICLESON MORTALITY
1. Introduction

1. The Committee reviewed the evidence for hedlth effects of long-term exposure to
particles for the COMEAP report on *Non-Biological Particles and Hedlth’' in 1995 (1).
Two cohort studies (2,3) found that people who lived in cities with high particle levels died
sooner than people who lived in cities with low levels. We discussed some of the limitations
of the studies but advised that it would be prudent to consder these associations as causa.

2. The Committee considered the evidence again in the 1998 Report ‘ Quantifying the
Effects of Air Pollution on Hedlth inthe UK’ (4) when assessing whether the studies could
be used for quantification. We consdered it likely that long-term exposure to ar pollutants
could damage health but, due to the absence of suitable UK or European cohort studies, the
Committee did not proceed to quantification. However, we noted that, if associations found
elsawhere did apply in the UK, they suggested that the overal impacts could be substantialy
greater than the effects that had aready been quantified.

3. Since that time, amulti-disciplinary team co-ordinated by the Ingtitute of Occupationa
Medicine (IOM) has completed a report on the feasibility of quantifying arange of hedth
effects of particlesin the UK (5). Thisincludes a detailled andysis of the possible
implications of the effects of long-term exposure to particles on the UK population. In
addition, the Hedlth Effects Indtitute (HEI) in the United States has published areandysis (6)
of the origina cohort studies (2,3). There are dso some other more recent studies (7,8,10).

Cohort Studies available before 1998

4. The"Six Cities’ sudy (2) examined the mortality experience of over 8000 adultsliving in
gx dtiesin rdation to measurements of air pollution in the citiesin which they lived. They
were followed up for 14 to 16 years between 1974 and 1991. All cause mortdlity rates,
adjusted for sex, age, smoking, education, occupationa exposure and body mass index,
were shown to be associated with levels of fine particles (measured from 1979 to 1985) and
sulphate (1979 to 1984). Theratio of the adjusted mortdity rate in the most polluted city to
that in the least polluted city (using fine particles as ameasure) was 1.26 (95% confidence
intervals 1.08-1.47). Air pollution was positively associated with desth from lung cancer
and cardiopulmonary disease but not other causes.

5. The ACS study (3) made use of a cohort of 552,138 adults living in 151 cities across the
United States. The cohort was followed for 7 years from 1982 to 1989. Again, there was
an association between dl cause mortality (adjusted for age, sex, race, smoking,
occupationa exposure, education, body mass index and acohol use) and sulphates
(measured in 1980 in dl 151 cities) or fine particles (measured from 1979 to 1983 in 50 of
thecities). The adjusted relative risk for the most polluted areas compared with the least
polluted areas (as indicated by fine particles) was 1.17 (95% confidence intervals 1.09-



1.26). Positive associations were found with cardiopulmonary mortaity and, for sulphates
only, with lung cancer.

6. Although not a study of the generd population, Abbey et al (1991) (9) studied a cohort
of 6303 non-smoking Seventh-Day Adventigtsin Cdifornia. The cohort was followed up
for 10 years from 1977 to 1986. Particles were measured as total suspended particulate
(TSP) from 1966 to 1987. An interpolation method was used to create individud air
pollution profiles based on zip-code and monthly residence histories. No association was
found between dl cause mortality (adjusted for age, sex, education, past smoking and
airways obstructive disease symptoms) and mean TSP or hours with TSP above specified
concentrations from 60 to 200 pg/nt.

2. Developments since 1998
7. We discuss the key new developments below in the context of

(1) how they change our overdl view of the cohort studies, of the possble mechanisms
involved and whether our previous concerns regarding confounding and limited information
on duration of exposure have been resolved;

(i) how they affect our view of trandferability of results from udiesin the US to the UK;
(iii) how they affect our view of whether quantification should be atempted.
2.1 Aretheresults of the cohort studiesreal ?

8. Themog sgnificant new information comes from the HEI reandysis (6) of the origind
cohort studies (2,3). An audit of the raw data was performed — although a few minor errors
were found, they did not have any marked effect on the results. Nor did the use of
aternative modesto andyse the data. The analysis was aso extended to cover some of the
questions raised when the origind studies were published. Key points from thisandyss are
discussed further below (see dso Table 1).

9. Abbey et al (1999) (8) have updated the previous study (9) of Seventh-Day Adventists
in Cdifornia described in paragraph 6. 6,338 subjects were followed up from 1977 to
1992. PM ;o measurements were available from 1987 to 1992 but PM,, was estimated from
TSP from 197310 1987. Asbefore, individud ar pollution profiles giving cumulative
persona exposure were interpolated from monitoring data. Relative risks were adjusted for
age, past smoking, education, occupation and body massindex. The study found a positive
association between al-cause mortality and the number of days with PM, above 100 ng/n?
in males but not females (adjusted relative risk for interquartile range 1.12(1.01-1.24) for
men). (This cannot be compared with resultsin the other cohort studies since they had no
equivalent type of measure of particles) No association was found with mean PM o or with
cut offs below 60 ng/nT. There were no significant associations with cardiopulmonary or
respiratory mortaity. However, there were positive associations with days with PM o



above 100 myn7 and respiratory disease as a contributing or underlying cause of mortality
in men only. There were stronger associations with lung cancer, again in men only.

10. Preiminary results of astudy by Lipfert (10) in US veterans have been published
recently. They did not find an effect of particles but did find an effect of nitrogen dioxide
and ozone. However, we have not as yet had time to fully assess this paper.

11. Strachan (2000) (7) has examined the associations between early life exposure to coal
smoke pollution and respiratory mortdity. Thisis discussed further below.

Confounding

12. We have mentioned previoudy (1) that the cohort studies may not have taken possible
confounding by socioeconomic factors sufficiently into account. The largest sudy by Pope
et al (3) usad only levd of education as an indicator of socioeconomic differences. The HEI
reandysis (6) of this study has now examined the effect of controlling for the level of income,
income disparity, poverty and unemployment in the cities and found no marked impact on
the estimated relationship between air pollution and dl cause mortdity. Leve of education
was looked a in more detall. 1t was not a confounder but was a strong effect modifier with
mortdity risks decreasing sgnificantly with increasing educationd atainment (Table 1).
Education is presumably acting as a proxy for socioeconomic factors. Adjusting for
population change (thought to be related to leve of education) and sulphur dioxide (see
paragraph 25) also reduced the relative risk. Occupationa exposuresto dust and fumes are
likely to be higher in those with less education but athough the Six Cities study found a
higher risk with sdf-reported occupationd exposure, confounding was not found with a
more detailed occupationa exposure index in either study.

13. The HEI reandysis (6) dso examined spatid variations in mortdity in the ACS study
more closdy. Even after control for confounders such as those above, there remained
correlaions between mortdity ratesin citiesin the same region. This suggedts the presence
of unknown regiond factors affecting mortality. Controlling for this spatid variation reduced
the risks associated with fine particles. The techniques used to andlyse spatia correlaions
are dill developing, and the HEI Hedlth Review Committee advised interpreting these results
with caution.

14. We note that there are some potential confounders that have not been examined such
as diet, birth weight, blood pressure or serum cholesterol. However, these would have to
be strongly corrdated with air pollution levels to act as actua confounders.

Duration of exposure

15. We pointed out, in our 1995 report (1), that the cohort studies (2,3) were unable to
take account of different durations of exposure or of the differencesin higtoricd levels of ar
pollution in the cities. Particle levels measured over relatively brief periods (6 years a most
(2)) were used to represent the pollution experience of cities. The HEI reandysis (6) was
not able to address this problem fully since it is dependent on the same dataset. It provided



afew hintsin support of both recent exposure and exposure in the more distant past being

important but none of these points were conclusive. Stratification by age in the ACS study
indicated that risks were not reduced in those under 50 as would be expected if more than
40 to 50 years of exposure were needed before the onset of an effect. In addition, at least
some of the effect is expected to be short-term as indicated by the time-series sudies.

Table 1 Sdlected extracts from HEI Reandysis Tables 4 and 21 (6)

Personal Factors Six Cities Study American Cancer Society Cohort
All cause mortality All cause mortality
Fine particlesPM , 5 PM, s Sulphate
Ageat Enrolment
£40 2.11(0.88-5.07)
41-55 1.66 (1.17-2.35)
>55 1.17 (0.98-1.40)
<50 1.19 (0.91-1.56) 1.14 (0.91-1.42)
50-60 1.13(0.97-1.30) 1.12(0.99-1.26)
>60 1.19(1.09-1.29) 1.16 (1.09-1.24)
Educational Leve
L ess than high school 1.45(1.13-1.85) 1.35(1.17-1.56) 1.27(1.13-1.42)
High school 1.30(0.98-1.73) 1.23 (1.07-1.40) 1.20 (1.08-1.33)
More than high school 0.98 (0.72-1.36) 1.06 (0.95-1.17) 1.05(0.96-1.14)
Heart or lung disease
Yes 1.32(1.06-1.63) 1.15(1.05-1.26) 1.15(1.07-1.23)
No 1.24(0.99-1.57)
Cancer 1.34(1.15-157) 1.19(1.05-1.34)
FEV,
> 85% predicted 1.24 (1.03-1.49)
< 85% predicted 1.35(1.00-1.84)
Occupational exposureto dust
and fumes
Yes 1.39(1.13-1.72) 1.08(0.93-1.27) 1.14(1.01-1.28)
No 1.17 (0.92-1.50) 1.20(1.11-1.30) 1.15(1.08-1.23)
Smoking status
Never smoked 1.36 (1.02-1.82) 1.25 (1.11-1.40) 1.18 (1.08-1.29)
Former smoker 1.29(0.97-1.72) 1.21(1.07-1.37) 1.14(1.03-1.25)
Current smoker 1.35(1.04-1.74) 1.14(0.99-1.31) 1.21(1.08-1.35)
D particles
most polluted-least polluted 18.6 ug/nt 24.5 pg/nt 19.9 ug/nt

16. A case-control study in the UK (7) hasinvestigated specifically whether early childhood
exposure to smoke and sulphur dioxide pollution is related to mortdity from chronic
respiratory disease in adults. Desths from chronic obstructive airways diseases and




population-based controls who were born in the 1930s were compared in the mid-1990s.
Place of resdence in 1939, imputed from NHS number, was

related to afour-point index of air pollution derived from local domestic cod consumption
during wartime rationing. Individua smoking data were not available, but the andyss
adjusted for individuas socid class, county of resdence in the mid-1990s and in 1939, and
arange of socioeconomic and infant mortality data linked at the level of local government
digtrict in 1939.

17. Thisstudy found an increased risk of deeth from chronic respiratory disease in adults
brought up in more heavily polluted areas but this effect was removed after adjustment for
the confounding variadbles. Adjustment for these variables was dso sufficient to remove any
association between childhood air pollution exposure and lung cancer mortdity, suggesting
that any resdua confounding by smoking habits was minimd. In this sudy, early childhood
exposure to levels of smoke and sulphur dioxide pollution much higher than encountered
nowadays did not increase the risk of later respiratory mortality. Cardiovascular mortaity
was not assessed, nor were the effects of air pollution exposure during early or later adult
life. However, the findings suggest thet the correlation between contemporary air pollution
levels and adult mortaity in the American cohort studies cannot be explained by exposure to
higher levels of pollution in these citiesin childhood.

Susceptible groups

18. The HEI reandysis dso looked a whether the associations between fine particles and
mortality varied in different subgroups (Table 1). Age, education and occupationa exposure
have aready been discussed. Those with pre-existing heart or lung disease are one
plausible susceptible subgroup but the relative risk was not increased in this group in the
ACS sudy and the increase seen in the Six cities sudy was not Satigticaly sgnificant.
Smilarly, the increased rddive risk in those with reduced FEV; in the Six cities sudy was
not dgnificant. There was dso no difference in rdative risk between smokers and non-
smokers. (Therewould still be a difference in absolute risks as basdline risks differ between
the groups.)

19. Theorigind studies found pogtive associations with cardiopulmonary mortdity but did
not examine cardiovascular and respiratory mortdity separately. When the HEI reandysis
did this, it ssemed that only cardiovascular mortdity was affected in both sudies. It might
be suggested that the apparent lack of an effect on respiratory mortdity might be due to
misclassification between cardiovascular and respiratory deeths. (It iswdl known that degth
certificates can be inaccurate - one author (11) estimates 20 to 50% of death certificates are
contradicted by a post-mortem). It can be particularly difficult to attribute the final specific
cause of death in a patient with underlying cardiac and pulmonary disease. However,
random errors of classification are unlikely to have generated an association of one cause of
desth and not with another. (We have no information on whether non-random errors of
classification could have occurred). Schwartz (12) has shown that cardiac desths
associated with short-term exposure to air pollution more often have respiratory disease asa
contributing cause of deeth. It is unknown whether thisisthe case for the long-term effects.
Comment



20. The HEI reandysis has confirmed that the origina studies were of good quaity and, on
the whole, the associations were robust to awhole range of additiond tests.  Additiona
socioeconomic confounders have been examined, & least at city level, without showing a
marked effect on the association, dthough the increased effect in those with less than high
school education may suggest some influence of socioeconomic factors. Adjustment for
some factors such as population change and leves of sulphur dioxide did markedly reduce
therisk. The updated study by Abbey et al (8) in Seventh Day Adventists (non-smokers)
with detailed estimates of pollutant exposure now shows a positive association with days of
PM 1, above 100 nmy/nT, athough the effect was only in men and did not gpply to mean
concentrations. It is uncertain to what degree the results in this unusud subgroup can be
extrapolated to the general population.

21. Some doubts remain. Geographica variaionsin mortdity are not fully understood and
thereis at least a posshility that afactor other than pollution explainstheresults. The
sudies examine mortaity in relation to spatia rather than tempord differencesin pollution so
there are additiona uncertainties when gpplying them to assess the impact of changing
pollution over time.

22. We dill know very little about what underlying mechanism could explain the result. If
true, the lack of an effect on respiratory mortdity is unexpected since the lung is the Ste of
first contact and the acute effects are known to affect respiratory mortality. One plausible
scenario that particles worsen symptoms in those dreedy ill over the longer term as well as
in response to daily changes, is not supported by the lack of difference in risk in those with
pre-existing disease. Thisdoes not rule out arolein causing disease. We reviewed the
evidence for an association between long-term exposure to particles and morbidity in 1995
(2). Thesudiesdid not examine cardiovascular illness. They suggested an adverse effect
on bronchitic symptoms but were difficult to interpret given uncertainties over confounding
and the rdlevance of exposures earlier in life. Thereisasingle unpublished study (7),
described in paragraphs 16 and 17 above, that suggests early life exposure to cod smoke
pollution may not be involved in determining respiratory mortdity. The lack of ardative
increase in effect on al-cause mortdity with age does not suggest that very long periods of
cumulative exposure (> 40 to 50 years) are required.

23. Overdl, we ill regard it as prudent to consder at least some of the association as
causal (1). Some of the factorsin the HEI reanalysis reduced the risk but a positive
asociation usudly remained.  Although understanding the mechanism would considerably
increase our confidence in the results, the lack of an immediately obvious mechanism does
not automatically mean one does not exist.

2.2 Aretheresultstransferable to the UK?
24. We noted the absence of any corresponding UK or European cohort studies and

consequent concerns about transferability of the US results, when last considering
quantification of the long-term effectsin 1998 (4). Since then, the UK study mentioned



above (7) has examined one aspect (early childhood exposure) and sudiesin the
Netherlands (13) and France (14) are underway but not yet complete.

25. There are many different factors that might affect trandferability of the results of the
cohort sudies. The mix of pollutantsin the air may vary between countries and this may be
important for transferability of the results. For example, the HEI reandysis found a strong
asociation between sulphur dioxide and mortdity. The incluson of sulphur dioxide in the
modds reduced the effects of fine particles and sulphate, railsing questions about exactly
what aspects of the pollution mixture are most important for hedth. On the other hand, time
series sudies have found relationships between ambient particles and daily variaionsin
mortaity and hospitd admissonsin awide range of pollution mixtures. Another point raised
by the HEI Hedlth Review Committee (6) isthat sulphur dioxide may be a better marker of
local pollution than fine particles and sulphate which are regiond pollutants.

26. Although pollution levels are generdly higher in the United States, there is congderable
overlap. Therange of particle levelsin the ACS study was 9 — 33.5 pg/nt PM. s (median)?
(equivalent to about 15 — 56pg/nT PM 1) in 1979-1983. Medians are not routinely
caculated in the UK but it is known that, for PM 1, means and medians are reasonably
smilar (15). Therange of annua meansin the UK varied from 13 to 35 pg/n™ PMy in
1998. The composition of the particle mixture varies across the US but encompasses a
amilar range of composition to that in the UK.

27. Where there are several causes leading to death from particular diseases, the competing
causes can modify the proportion of deeths affected by the cause of interest. This*causal
fidd could vary in different places as can the proportion of people in particular susceptible
groups. The quantitative impact of pollution could therefore vary between countries with
different cultures and lifestyles. In fact, the HEI reanalys's found evidence of regiond
heterogendty in the effect of air pollution on mortdity within the United States.

28. Thus, dthough the results of the US studies may be trandferableto the UK ina
quditative sense, the 9ze of the impact could differ and this variation cannot be predicted
exactly.

2.3 Should the potential long term effects of particles on mortality be quantified?
|OM Report

29. ThelOM report (5) used life-table methods to link the results of the US cohort studies
with the age and mortdity experience of the UK population. Given certain assumptions, this
alowed an estimate of the possible loss of life expectancy due to long-term exposure to
particles. It dso explored the effect of usng different assumptions referred to further below.
Thisanalysis was not available in 1998 when quantification was |last congdered.

Z Concentrations in this report refer to gravimetric measurements.



30. ThelOM report hasillustrated that, provided the results are transferable, the
methodology is available to quantify the effects and the size of the effect could be subgtantid.
We consder that it is more hepful to quantify the implied effectsin the UK rather than not,
provided the uncertainties are acknowledged. These uncertainties include concerns about
how the degree of impact might differ in the UK compared with the US, the lack of aclear
understanding of the mechanism and limited knowledge about the duration of exposure
needed to produce effects. For these reasons, we consider it unwise to give asingle
esimate. We develop below arange of possible estimates along with our comments on
how likely these estimates are.

3. Quantification
3.1 Methodology

31. We have based our methodology on that in the IOM report (5) athough we have used
dightly different assumptions. |OM have aso performed the additional calculations we
required. The basic drategy is, for agiven population, to

- obtain information on current mortdity rates

- predict future mortadity using current rates and lifetables and some assumptions about
future demography, in the abbsence of changesin air pollution (the basdine scenario)

- creste an dternative scenario by adjusting mortdity rates according to evidence regarding
the effect of pollution on mortdity, but leaving other basdine assumptions unchanged

- compare predicted life expectancy (or some other gppropriate summary measure)
between the basdine and dternative scenario, to give estimates of the effect of the pollution
change,

- examine how sengtive these estimates are to changes in the underlying assumptions.

32. The caculations are for changes in dl-cause mortdity in those over 30 (as in the cohort
dudies). Thisisthe smplest end-point and avoids any problems of misdiagnosis of cause of
death.

Baseline scenario

33. The basdine scenario is based on the numbers of deaths in each sex and age group
found in England and Waesin 1995. Thisis used to predict future mortdity. It isassumed
that the mortdity ratesidentified in 1995 will not change over time, that birth rates will
remain congtant and that the net effect of migration does not dter population sizes or
mortdity rates. (The IOM report found that changing these assumptions had only asmall
effect on theresults) Asanilludration, the caculaions were gpplied to the following
populations:



- asgngle cohort born in 2000 subject to the hazard rates applying in England and Waesin
1995 (this provides a‘ standard’ which can be compared with the effect of other
determinants of mortdity such as smoking),

- the population dive at 2000 followed to extinction (this provides an estimate of the long-
term impact on the current population).

Different populations and length of follow-up could be used if required for cost-benefit
andysis of particular policies.

Alternative scenario
Slection of studies and particle measure

34. In the dternative scenario, mortdity rates are adjusted compared with the basdine
scenario. The adjustment is based on the particular reduction in pollution chosen. We have
based the link between pollution change and mortdity rate on the American Cancer Society
sudy (3) asit isthe largest sudy and was able to investigate a wide range of confounding
factors.

35. The ACS study provides relative risks for mortdity for both PM, s and sulphates. The
reandysis (6) showed smaller associations with mortdity with PM;s and PM 5., 5 (coarse
particles) than with fine particles (PM, 5). We have used the coefficient for PM, s asthe
darting point for the caculations. Although usng a mass measure, we note that composition
can be important and that it cannot automatically be assumed that the results will gpply to dl

types of particles.
Reduction in pollution

36. For smplicity, we have presented the results of a1 myn7 reduction in PM, s annual
average concentration across the country maintained for the lifetime of those dive in 2000.
We have not linked the hedlth effects to maps of predicted changesin PM,, concentrations
as aresult of specific policies—thiswill be done in future cost-benefit andysswork. To put
this reduction in context, a series of campaign measurements of PM, s made at 3 urban
background sitesin London during 2000-2001, using a gravimetric method comparable to
that used in the ACS study, gave an average of 18 ng/nt (16). A reduction of 1 my/n?

PM, 5 represents around a5 % reduction from this level.

37. The ACS study (3) represented the PM 5 levels in terms of a angle vdue of long-term
average concentration in each of the cities sudied. It used a median concentration, based
on measurements from 1979-1983, asitsindex of long-term annud average PM, s |dedly,
the concentration change for quantification would be expressed on exactly the same basis
but we note that, for particles, changes in annud means would be a reasonadle
gpproximation of changes in median concentrations (15). (Annua means are routindy
caculated for other purposes so are more convenient to use.) We have therefore chosen to
use annua means,



38. ThelOM report found that the results were linear with particle concentration i.e. an
edimate for a 10 pg/nt change would be twice thet for a5 pg/nt change. This assumes
that there is no threshold for the effect. (The HEI reandlysis did not resolve the threshold
issue asit found that both linear and non-linear models could be fitted satisfactorily to the
data. In some models no threshold of effect was apparent, in others, some indications of a
weakening of the association was found at low concentrations.) We would be concerned
about using too large an increment as uncertainties will increase at low concentrations and
there is adanger of moving outside the range of the origina data (9 —33.5 ug/nT PM, 5
(median) equivaent to about 15 — 56pg/nT PM1,. UK annua means (similar to medians)
varied from 13 to 35 pg/nT PM 4o in 1998. 1n addition, large changes may be difficult to
achieve. Our am isto describe the benefits that might be produced by reductionsin the
annud average concentration of airborne particles in the UK: thus we are not attempting an
eslimate of the tota effects of current concentrations but, rather, an estimate of the benefits
of agiven reduction.

Choice of coefficient

39. Therdativerisk for fine particles and mortdity in the ACS study (3) was 1.17. Thisis
equivalent to achange in hazard rate of 0.6% for a 1 pug/n? changein PM s (section 10.3.2
of IOM report (5)). Thisisone choice of coefficient.

40. The 95% confidence intervals around the above relative risk were 1.09 to 1.26
equivaent to changes in proportiona hazard rates of 0.3% and 0.9%. These confidence
intervas only represent errorsin gatistical sampling and are dependent on the size of the
dataset. They are not therefore an ideal basis for aternative estimates. Nonethdless, they
do indicate that relative risks above and below the central estimate are possible and could
be used as agenerd indicator of the range of possible estimates.

41. The HEI Reandyss reconfirmed the above relaive risks when auditing the origina
analyses but dso extended the andlyses to examine additional factors. Some of these
factors reduced the rdative risks but, in the mgjority of cases, the centra estimates were il
in the range mentioned above. A few were beow (including adjustment for more than high
school education and for sulphur dioxide) and just one (an adjustment for severa important
covariates together) was above the range (see Table 37; reference 6). We have not used
any of the estimates of rdative risks in the HEI reanalysis directly as there were multiple tests
and it would be difficult to choose one adjustment over another. However, we have used
the HEI results to inform our view of the likelihood of particular estimates and have included
an ‘extralow’ option of a0.1% changein hazard rates. This represents arelative risk of
around 1.03 equivalent to one of the lowest adjusted rdlative risksin the HEI reandysis.

42. Adjustment for some factorsin the HEI reanalyss resulted in the lower confidence
intervas faling below one and there may be undetected confounding. Thus, we consider
that it is possble that there are no long term effects. This does not necessarily mean that
there are no effects on mortdity, asthere are il the short-term effects shown in the time-
seriesdudies. Thetwo types of sudies have adifferent desgn so it is difficult to compare



them directly but caculations can be done separatdly to estimate the expected changein
number of deeths brought forward due to short-term effects over an equivaent time period.
The loss of life expectancy from the short-term effects is not known for certain but, assuming
the average is between 2 months and 6 months, an estimate of life years gained from a
pollution reduction can be obtained. Recent evidence (17,18, 19) suggests that some of the
deathsinvolve losses of life expectancy exceeding afew days and up to at least amonth or
two. Examination of much longer timescaes is difficult with the method used because there
could then be an increase in confounding due to factors such as season. Thus, this method
does not rule out losses of life-expectancy greater than 2 months. We have assumed an
upper end of the range for the average loss of life expectancy of around 6 months.

43. In summary, we consider that use of hazard rates reductions of 0.1%, 0.3%, 0.6% and
0.9% provides a reasonable range of estimates to cover the values that might be plausible.
In addition, an estimate based on the time-series results calculated in a different way should
provide alower bound.

Lagtime and age-dependence

44. In moddling the effect of adrop in pollution on mortdlity, it is necessary to know
whether thereis an immediate drop in mortdity or whether thereisa delay. Becausethe
ACS study compares different pollutant concentrations across different cities over the same
time-period rather than different pollutant concentrations over time in the same location, this
study cannot help us directly. As mentioned in paragraph 6, the HEI reandysis found that
relative risks did not differ markedly when the data was dratified by age (< 50, 50-60 and >
60). If the lag-time to an effect were very long (50 years or more), then there would not
have been an effect in those under 50. It islikely that the lag-time is short in & least some
cases as suggested by the time-series studies. We have therefore assumed alag-time
between 0 and 40 years either phased in gradudly or abruptly, i.e. no effect followed by a
step change. Thisis not to imply that we regard the outer extremes of the assumptions (e.g.
a gep change after 40 years) as particularly likely; they provide outer bounds.

45. We have gpplied the same change in hazard rates across al age-groups above 30. The
ACS study only included adults over 30 so changes in hazard rates have not been gpplied to
the under 30s. (In fact, changes applied to the under-30s make little difference because
basdline degath rates are low at these ages).

3.2 Results
Population alive in 2000, follow-up 105 years

46. Theresultsin Table 2 apply to the population of England and Wales dive in 2000
followed to the end of their lives assuming a1 pg/nT drop in annual mean PM, 5 is
maintained for the rest of their lifetime (up to 105 years). The basdine assumes current
mortdity rates remain unchanged (sengtivity anayses have shown that changing this
assumption has little effect on the results). Coefficients range from a 0.1% to 0.9%
decrease in hazard rate and lag times from an immediate effect to a step change after adelay



of 40 years. These changes are only gpplied to those over 30. Results aretotd gainsin life
years (millions).

47. The answersrange from 0.2 to 4.1 million life years gained over the rest of the lifetime
of the population dive today. This could be expressed as 1 day to 1 month per person per
ug/nt PM .5 on average but it should be noted thet the gainsin life expectancy are unlikely
to be evenly distributed across the population.



Table2 Edimated total gainsin life years (millions) in population of England and Wales 2000, followed to extinction with arange of reductionsin hazard
ratesin those aged 30 years and over. Totd effectsimmediate, phasing in gradudly or step function after stated number of years.

Reduction in mortality rate
0.1% 0.3% 0.6% 0.9%

Delay to full effect 0 40 0 40 0 40 0 40
(years) >
Follow-up105 years
Totd life Phased 05 (03 1.4 1.0 2.8 2.0 4.1 3.0
years gained
(millions)

Step “ 0.2 “ 0.6 “ 1.2 “ 1.8

19



Population alive in 2000, time-series estimate

48. Therough estimates of the Sze of the short-term effects are shown in Table 3. This
uses a coefficient of 0.075% decrease in deaths brought forward per ug/n™ drop in PMyo
from our Quantification report (4). (We have not used a coefficient for PM, s Sncethe
Expert Pand on Air Qudity Standards (EPAQS) has recently concluded (20) that a
contribution from fractions other than PM, s cannot be ruled out). We gpplied this
coefficient to the total number of desths over 105 years (the same as the sSze of the
population 52,451,959). [This cdculation isequivdent to doing calculations for each year
and summing them up.] For smplicity, account has not been taken of the fact that the age
spectrum will change over time (in 50 years time, none of the population who were divein
2000 can be less than 50) and this may matter if, as may be the case, air pollution hasa
greater effect on the ederly.

49. The caculation indicates that, for a1 pg/m drop in annua mean PM o, maintained for
the rest of their lifetime (up to 105 years), there would be around 40,000 fewer degths
brought forward. 1f each of these would have involved aloss of life expectancy of between
2 and 6 months, then the totd life years gained would be about 7,000 to 20,000 years or
0.007 to 0.02 million life years. The highest estimate is 10 fold lower than the lowest
estimate from the cohort sudies. Although, as noted above, some gpproximations have
been used, thisis unlikely to make as much as aten fold difference to the results.

Table 3 Estimated totd and per-capitagansin life yearsin the population of England and
Wales 2000 followed to extinction, based on deaths shown to be advanced by PM10 in
time series Sudies.

Proportion of deaths from all causes that are advanced by 1 pg/nT increasein A 0.00075
PM 1, (COMEAP Quantification Report —0.75% /10 ug/nt)
Population of E&W in 2000 (COMEAP/2000/17 Table 1) B 52,451,959
Number of deaths that would be postponed by reduction of 1 ug/m3 PM 3o C=AXB 39,339
Increasein YOL if PM 44 advances death in affected persons by 2 months on
average
Total D=2XC/12 6,557
Average per capita E=D/B 0.000124
(=2XA/12)
Increasein YOL if PM 10 advances death in affected persons by 6 months on
average
Total F=6XC/12 19,670
Average per capita G=F/B 0.000375

(=6XA/12)




Notes:

1. Thisassumesthat the effect ison deaths at all ages, as does the COMEAP Quantification report.

2. Tochange results assuming effects at age 30+ only would require excluding deathsin the
component aged 0-29 occurring before age 30, which would affect results very little, certainly less
than 1%.

3. Thefiguresare the same for a 2000 birth cohort, although a different (somewhat greater) correction
would have to be made to reflect an effect at age 30+ only.

4. Asthese are acute effects, thereis no delay to full effect.

Birth cohort born in 2000, lifetime follow-up

50. The results derived from the cohort studies can aso be expressed on the basis of a
sngle birth cohort born in 2000 and followed up for their lifetime. Thisislessrelevant for
ng the gze of the effect but is a ussful sandard measure for comparing with other risk
factors such as smoking. These calculations are shown in Table 4 (note that unitsare in
weeks rather than million lifeyearsasin Table 2). This showsthet the average gainin life
expectancy for a1 pg/nt drop in PM , 5 can range from about 0.5 to 4.5 weeks.

Table4. Edimated average gainsin life expectancy in asingle cohort bornin 2000 in
England and Wales, for arange of reductions in hazard rates a ages 30 years and over.
Effectsimmediate, phasing in gradudly or step function after stated number of years.

Reduction in mortality rate
0.1% 0.3% 0.6% 0.9%

Delay to full effect 0 40 0 40 0 40 0 40
years >
Ganinlife | Phased 0.5 0.5 1.6 1.4 3.0 3.0 45 45
expectancy
(weeks)

Step “ 0.5 “ 1.4 “ 2.8 “ 43

3.3 Discussion

51. The above paragraphs have shown that arange of quantitetive estimates of the possible
effects of long term exposure to particles can be made. However, therangeiswide—a 20
fold difference from 0.2 to 4.1 million life years gained per pg/nT drop in PM s depending
on the assumptions made or a 600 fold difference from 0.007 to 4.1 million life yearsif the
option of zero long term effectsisincluded. This reflects the many uncertainties involved.
The time series rough estimateis at least 10 fold lower than the cohort study derived
edimatesillugrating the potentia importance of the long term effects.

52. Although the calculation of life years gained derived from the time-series sudies is new,
in generd the time-series studies are well replicated and widely accepted. Thus, the effect is
highly likely to be at least thislarge. In accordance with our earlier comments, we consider
that it ismore likely than not that there is some long term effect. However, severd factors
support estimates at the lower rather than the higher end of the range of estimates. A few of




the confounders in the HEI reanaysis reduced the relative risks substantidly and there may
be other unknown confounders. It isaso possible that, a least some of the effect isin fact
dueto higher exposures in the past, thus leading to an overestimation of the effect of current
levels. There are some suggestions that the effect of air pollution on chronic morbidity is not
asmarked asit used to be (21, 22).

53. For the above reasons, none of the Committee supported the highest estimate.
Although opinions varied, the mgority of the Committee considered that an estimate of
around 0.2 to 0.5 million life years gained was most likely. Thisis equivdent to between 1.5
and 3.5 days per person if dl 52 million people are affected but, as mentioned previoudy, it
isunlikely thet the effect is evenly soread across the population. This estimate of life years
gained could aso refer to 3 to 7 days for 25 million people; 1 to 2.5 months for 2.5 million
people or 2.5 to 6.5 months for 1 million people or, of course more likely, a more complex
digtribution of different losses of life expectancy across the population. We cannot
digtinguish these possibilities a the present time, particularly since the mechanism underlying
the association is not well understood.

54. We suggest that the estimate of 0.2 to 0.5 million life years gained per ug/nt drop in
PM, 5 for the population dive today can be used to estimate the benefits of reductionsin
pollution with sengtivity analyses for the other estimates including that for zero long term
effects. Thelevel of uncertainty increases with the increasing Sze of the estimate.

55. These results are expressed per pg/nt drop in PM 5 but, to compare the estimates with
other risks, this needs to be related to actual exposures. In paragraph 38, we noted the
increased uncertainties involved in cdculations for larger increments, so the following should
be regarded only as a rough guide for the purposes of broad brush comparisons.
Acknowledging this, 18 pg/m’ PM s could be responsible for an average loss of life
expectancy from birth of about 2- 20 months (derived from Table 4). This compares with
an estimate of around 7 yearsif dl the population were smokers (usng the relative risk of
2.07 for smokers from the HEI reandysis (6) and the same methodology). Thus, aswould
be expected, the impact is considerably smdler than for active smoking. [Purely on the
basis of relative particle exposures it might be expected to be smaler than it is but both
cigarette smoke and air pollution are complex mixtures of different chemicas with different
effects so exact comparisons cannot be taken too far].

56. Another risk for comparison is the risk of ischaemic heart disease events (fata and non-
fatal) from passve smoking (relative risk 1.23 after adjustment for diet) (23). Thiscan be
compared with ardativerisk of 1.31 for cardiopulmonary mortaity (mainly heart disease)
for a24.5 pg/n? difference in PM, s from the most polluted to least polluted area. (Further
work would be required to relate this to losses in life expectancy, our current methodology
is based on dl cause mortdity only.)

57. These comparisons are very rough but they do indicate that the effects suggested are
not wildly implausible. The results (up to 1 month on average per person per pg/nt PM. s
for the full range of estimates) are dso roughly in line with previous estimates of gainin life
expectancy from the cohort sudies. Brunenkreef (1997) (24) estimated againin life-



expectancy of 1.11 years for a 10 pg/nt drop in PM,5 for a cohort of 100,000 peoplein
the Netherlands followed from 25 to 90 assuming a 15 year lagtime. Thisis equivadent to
just over amonth per person for a1 ug/nt drop. Nevaainen and Pekkanen (1998) (25)
estimated the loss of life expectancy for a 10 pg/nT risein PM, s for 100,000 peoplein
Finland using amethod involving competing causes of degth as 0.6 years (0.7 yearsignoring
competing causes of death). Thisisequivaent to just under amonth per person for al
ug/nt drop. Although Ostro (1998) (26) used a different method of calculation, he also
used an estimate lower than the centrd estimate in the ACS study dthough for different
reasons.

58. Thereisclearly aneed for further research to reduce some of the uncertainties
regarding these effects. In particular, there is aneed for more sudies in other countries to
increase confidence that the results can be replicated and are transferable to the UK. There
is aso aneed to examine particular aspects contributing to the wide range of estimates, such
as the uncertainties about whether there is alagtime between exposure and effect and what
durations of exposure are required. The latter isrelevant to the question of whether high
historical exposures are leading to an overestimation of the effects of current levels. One
study (7) suggests not but it would be helpful to examine this further. A mgor area of
uncertainty is the lack of undersanding of the mechanism of the effect; research into this
aspect is needed.

4. Conclusons

59. Although there are many uncertainties, the quantification exercise highlights what these
are and what difference they make. The range of estimates is wide but may nonetheless be
useful. When using the results, the following points should be noted.

(i) Our comments on the key uncertainties (see below) should be quoted.

(if) Application of the resultsto large changes in pollution adds to the uncertainties (see
paragraph 38).

(iif) The composition of the particles isimportant; it cannot be assumed that these results
extend to pollution climates very different from those typicd of US cities. For example, we
do not know whether these estimates would apply around point sources.

(iv) These results relate not only to a 1ug/nT change in PM, 5 but also to a particular
population (those dive in 2000) and a particular length of follow-up (105 years). We
acknowledge that cost-benefit analysis of particular policy scenarios may need different
populations and follow-up periods. We congder that this could be dedlt with by performing
new lifetable caculations, provided the same methodology was used.

60. Our conclusons are asfollows:

0) We congder it more likely than not that a causal association exists between long
term exposure to particles and mortality. We consider thet this association is



(i)

(i)

transferable to the UK, dthough the quantitative impact may not be exactly the
same.

We condder that, given there isinformation regarding the Size of the effect, it is
preferable to assess this and comment on it rather than ignore it. Nonetheless there
are great uncertaintiesin this process and it is vitd that these are made clear. We
condder that the long-term effects are more uncertain than the short-term effects but
that it would be unwise to dismiss them completely.

It is possible, dthough unlikely, that there are no long term effects, if the
results are explained by unknown confounders, confounding by sulphur dioxide or

lack of control for spatia variaion. If so, the only effect on mortaity would be that
detected in the time-series studies.

)

v)

(i)

(vii)

(viii)

An gpproximate caculation assuming aloss of 2 to 6 months of life per degth
brought forward suggests again of 0.007 to 0.02 million life years per pg/n® drop in
PM 1o for mortality from short-term exposure as detected in time-series studies.
Although intended only as a rough comparison, this does suggest that the gain
in life years from the cohort sudiesis at least 10 fold greater than estimates from the
time series sudies done.

The above cdculation and those below are based on the population of England and
Wades divein 2000 followed for 105 years as anillugration. Other populations and
years of follow-up could be used provided the same methodology isfollowed. The
calculations below are expressed per pg/n drop in PM, s representing around a 5
% reduction from current levels.

Using arange of possible coefficients from the cohort studies leads to an estimate of
0.2 to 4.1 million life years gained per pg/nT drop in PM,s, This could be
expressed as up to 1 month per person on average if everyone was affected but
could also represent alarger gain for fewer people.

We congder that estimates at the lower end of the range are more likely. We know
that afew of the confoundersin the HEI reandysis reduced the relative risks and
there may be other unknown confounders. If higher exposuresin the past are
contributing to the effect, then the predicted effect of current levelswill be
overestimated. We condder the upper end of the range to be implausibly large
compared with risks in other contexts and with the tota changesin life expectancy
seen in the lagt 20 to 30 years when particle levels have been dropping dramatically.

The mgority of the Committee consdered that an estimate of 0.2 — 0.5 million life
years (1.5 to 3.5 days per person or more) could be used to estimate the benefits of
pollution reduction. The higher estimates could be included in sengtivity andyssin
increasing bands of uncertainty asthe sSze of the estimate increases. The possibility
of there baing no long term effects should dso be included in sengtivity andyss.



(ix)

For abirth cohort born in 2000 and followed up for ther lifetime, thegainin  life

expectancy for the same reduction is estimated as between 0.5 and 4.5 weeks.

)

(x)

Taking actua exposures into account, the estimates are less than those for active
smoking but the relative risk for mortdity from heart disease is Smilar to that for
passve smoking. The esimates arein line with othersfor ar pollution in the
literature.

The key uncertainties are whether the results can be explained by undetected
confounding, whether high exposuresin the past lead to an overestimation of the
effect, what lagtimes and what duration of exposure are required for the effect and a
lack of understanding of the underlying mechanism. These uncertainties need to be
addressed by further research.
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