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functions available for estimating
mortality impacts



Updated long-term effects of PM, . on natural
mortality. 14 studies

PM.; (10 pg/m’ increase) and Natural Mortality

Study

Harvard six cities

ACS study

ACS LA sub-cohort study
Netherlands Cohort Study

Nurses’ Health Study

Medicare national cohort

Health professionals follow-up study
US trucking industry cohort
Canadian national cohort

California teachers study

Rome longitudinal study

*

¢

%
HR (95% CI)  Weight

1.14 (1.07, 1.22) 6.41
1.06 (1.02, 1.11) 10.72
1.17 (1.05, 1.30) 3.00
1.06 (0.97, 1.16) 4.03
1.26 (1.03, 1.55) 0.90
1.04 (1.03, 1.06) 18.57
0.86 (0.72, 1.02) 1.24
1.10 (1.03, 1.18) 6.10
1.10 (1.05, 1.15) 9.96
1.01 (0.94, 1.08) 6.00
1.04 (1.03, 1.05) 19.60

ACS California subcohort
National English cohort

Escape

1.06 (1.00, 1.12) 8.08
1.11 (0.98, 1.26) 2.17
1.14 (1.03, 1.27) 3.22

D-L Overall (I-squared=60.8%, p=0.0016)

1.07 (1.04, 1.09) 100.00




Lung Cancer and PM2.5 Meta-Analysis

Study by region RR (95% CI) Weight
North Amerca :
UeDonell et 2 2000 - * 139(079,245) 066
Krewssd et 36 2009 . WIS, 1 Y
Han et 3l 2011 +—— 118(095,148) 377
Upseti ot 38 2011 —— 0950070, 128) 222
Lepeete 613l 2012 e 137(1.07,1.75) 320
Hystad et al 2013 e — 1290095, 176) 214
Jemett ¢4 al 2013 —_ 112(091,137) —
Puatt ot 3 2013 . 105(090,124) 648
Sublotsl (-squared = 0.0% p = 0.480) o 1110106, 1.18) 2087

]
Europe !
Beclen 3t 3l 20083 . 081(063.104) 3IM
Carey ot al 2013 — 111(0.86,143) 307
Cesatoni et o, 2013 . 105(1.01,1%0) 201
Raaschou-Neilsen et 3l 2013 e 139(081.213) 197
Subtutst (Feyguesed = 20.0%. p=0.112) <> 192 (0.89,930) J7.88
Other Z
Cao etal 2011 - 1.03(1.00, 107} 2129
Katanoda et & 2011 —— 124(112.137) 1152
Subtotal (hsquared = 91.0% p =0.001) <<> 113(094.134) 3277
Overal (l-squared = 53 0%, p = 0.010) e 1.09(1.04 114) 100.00

T = T T
4 1 2 3

Hamra G et al. EHP 2014 (under revision)

Relative Risk Estimate



Comparison of the PM, . and NO, effects in the same
studies (per 10 ug/m3 and IQR)

Table 2, Pooled® effects of NO2 and PM (10 ug.--"mj and IR pg.-"mj) o natuwal and specific-cause mortakity

total or natural mortality cardio-vascular mortality respiratory mortality

N N N
sudes R O%Cls I dudes RR - 9%Cls I sudes RR 9505 I

NO, (104g/m3) 10** 1040 1015 1065 91% NO, (10pg/m3] 1% 1152 1094 1213 9% NO, (10ug/m3) 7#++ 1024 1010 1038 (%

NO, (M6pg/m3) 1050 1022 109  NO,(U9pg/m3) 1288 1174 1413 NO,(I50pg/m3) L1036 1015 1056

PMys (10pg/m3) 9%+ 1050 1024 1078 78% PMys (10pg/m3j14'S+ 1208 1080 139 98%  PMys (10pg/m3+++ 1062 1022 1104 11%

PMys (58pg/m3) 1009 1014 1048 PMys (70pg/m3] 1155 1058 1259 PMys (70ug/m3) 1043 1015 1072

Faustini et al, ERJ, 2014



Conclusions

e Larger evidence base strengthens knowledge
on PM, . effects on mortality

* Linear increases in relative risks for mortality
from all-natural causes, CVD, respiratory
disease and lung cancer over the range of
PM, . in Europe and North America

* Independent effects of NO, of similar size to
PMZ.S



Integrated Exposure-Response (IER) Function for
Particulate Matter

* Rationale: Most available PM, . cohort studies are
conducted in the US and Europe, but t is questioned
whether the cohort findings from low air pollution exposure
settings in developed countries are applicable to other, more
polluted parts of the world

* Objective: to inform the risk estimates across the full range
of PM, . concentrations world wide

* Method: integrate evidence on mortality risk due to PM, .
from other combustion sources (second-hand smoke,
household burning of solid fuels, active smoking) with risk
from ambient PM, . to estimate risks in highy polluted
settings

 Adopted in the Global Burden of Disease (GBD) 2010 project
* Details: Burnett et al, 2014, EHP



Assumptions and Key Features of IER

PM, . exposure from diverse sources is associated with
increased death risks from IHD, stroke, COPD, and LC, and
with increased incidence of ALRI

Health effects of PM, . related with inhaled mass (exposure)
only, but not with PM, . composition and sources

Relationship between PM, . exposure and excess mortality
not necessarily restricted to be linear

The RR of mortality from exposure to AAP, SHS, HAP, and AS
does not depend on the temporal nature of the PM,
exposure

No interaction exists among the various PM, . exposure types
for any cause of mortality

Curves must fit evidence for ambient air pollution at the low
end and evidence for active cigarette smoking at the high end
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Strengths and Limitations

e Strength: enables estimation of continuous

PM, . risk functions across the full range of
levels all over the world

* Limitation: requires assumptions with which
expert opinion is not in complete agreement
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in 21 regions, 1990-2010: a systematic analysis for the
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Summary

Background Quantification of the disease burden caused by different risks informs prevention by providing an
account of health loss different to that provided by a disease-by-disease analysis. No complete revision of global
disease burden caused by risk factors has been done since a comparative risk assessment in 2000, and no previous
analysis has assessed changes in burden attributable to risk factors over time.

Methods We estimated deaths and disability-adjusted life years (DALYs; sum of years lived with disability [YLD] and
years of life lost [YLL)) attributable to the independent effects of 67 risk factors and clusters of risk factors for 21 regions
in 1990 and 2010. We csumaled i exposure dlslnbuuons for each year, region, sex, and age group, and relative risks per

unit of exp by ng and ing published and unpublished data. We used these estimates,
together with estimates of cause-specific duths and DALYs me the Global Burden of Dlsezse Study 2010, to calculate
the burden attributable to each risk factor exp pared with the th risk We
incorporated uncertainty in disease burden, relative risks, and exp into our esti of attributable burden.

Findings In 2010, the three leading risk factors for global disease burden were high blood pressure (7-0%
[95% uncertainty interval 6 - 2-7 - 7] of global DALYs), tobacco smoking including second-hand smoke (6-3% [5-5-7-0]),
and akohol use (5 5% [5-0-5-9]). In 1990, the leading risks were childhood underweight (7-9% [6-8-9-4]),
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d air ion from s fuels (HAP; 7-0% [5-6-8-3]), and tobacco smoking including second-hand
smoke (6-1% [5 4-6-8]). Dietary risk factors and physical inactivity collectively accounted for 10-0% (95%
UI 9-2-10-8) of global DALYs in 2010, with the most prominent dxen y risks being diets low in fruits and those high
in sodium. Several risks that primarily affect childhood ble diseases, including unimproved water and
and childhood mic ient deficiencies, fell in rank between 1990 and 2010, with unimproved water
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Global deaths in 2010 (95% uncertainty intervals) attributable to the
top 20 risk factors

Deaths in Millions

0 4 3 12
Dietary risks =
High blood pressure
Tobacco smoking
Household air pollution from solid fuels —

High body-mass index

High fasting plasma glucose

Ambient particulate matter pollution
Physical inactivity and low physical activity
Alcohol use

High total cholesterol

Childhood underweight
Occupational risks

Lead exposure

Suboptimal breastfeeding
Unimproved sanitation

Low bone mineral density

Intimate partner violence

Drug use

Ambient ozone pollution

Vitamin A deficiency

http://ghdx.healthmetricsandevaluation.org/global-burden-disease-study-2010-
gbd-2010-data-downloads



http://ghdx.healthmetricsandevaluation.org/global-burden-disease-study-2010-gbd-2010-data-downloads
http://ghdx.healthmetricsandevaluation.org/global-burden-disease-study-2010-gbd-2010-data-downloads
http://ghdx.healthmetricsandevaluation.org/global-burden-disease-study-2010-gbd-2010-data-downloads
http://ghdx.healthmetricsandevaluation.org/global-burden-disease-study-2010-gbd-2010-data-downloads
http://ghdx.healthmetricsandevaluation.org/global-burden-disease-study-2010-gbd-2010-data-downloads
http://ghdx.healthmetricsandevaluation.org/global-burden-disease-study-2010-gbd-2010-data-downloads
http://ghdx.healthmetricsandevaluation.org/global-burden-disease-study-2010-gbd-2010-data-downloads
http://ghdx.healthmetricsandevaluation.org/global-burden-disease-study-2010-gbd-2010-data-downloads
http://ghdx.healthmetricsandevaluation.org/global-burden-disease-study-2010-gbd-2010-data-downloads
http://ghdx.healthmetricsandevaluation.org/global-burden-disease-study-2010-gbd-2010-data-downloads
http://ghdx.healthmetricsandevaluation.org/global-burden-disease-study-2010-gbd-2010-data-downloads
http://ghdx.healthmetricsandevaluation.org/global-burden-disease-study-2010-gbd-2010-data-downloads
http://ghdx.healthmetricsandevaluation.org/global-burden-disease-study-2010-gbd-2010-data-downloads
http://ghdx.healthmetricsandevaluation.org/global-burden-disease-study-2010-gbd-2010-data-downloads
http://ghdx.healthmetricsandevaluation.org/global-burden-disease-study-2010-gbd-2010-data-downloads
http://ghdx.healthmetricsandevaluation.org/global-burden-disease-study-2010-gbd-2010-data-downloads
http://ghdx.healthmetricsandevaluation.org/global-burden-disease-study-2010-gbd-2010-data-downloads

Mortality impacts from air pollution in a
Comparative Risk Assessment context

Many public health and policy decisions require that the mortality
attributable to ambient air pollution be considered in the context
of mortality due to other major health risk factors

CRA provides a way to provide comparable estimates for the
various risk factors, but requires that consistent approaches be
used to estimate risks for each

By applying a common PM, . exposure metric the IER provided
internal consistency among estimates for the various combustion-
related risk factors, and enabled estimation of the burden of
cardiovascular mortality attributable to HAP

Current estimates assume that air pollution-attributable mortality
is independent of other risk factors and more research is needed
to address this issue



