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Table S1. Logarithm of relative risks and standard errors per pg/m’ of PM, 5 by outcome and

type of combustion used to fit Integrated Exposure-Response Model. If RR obtained from

published source reference is given. RR obtained from original analysis indicated under Study

Reference. Denominator concentration used for COPD and LC HAPs RR and ALRI incidence

rates.
Study Reference Outcome PM, 5 Logarithm | Standard PM;5 PM;5
Combustion of Error Concentration | Denominator
Type RR/pg/m’ Used to Concentration
Evaluate RR

Original analysis based on ACS IHD AAP 0.023111 0.00443 14.2
Lepeule et al. 2012 IHD AAP 0.028518 0.007865 15.9
Lipsett et al. 2011 IHD AAP 0.018232 | 0.007701 15.6
Puett et al. 2009 IHD AAP 0.07031 0.032196 13.9
Miller et al. 2007 IHD AAP 0.079299 0.03236 13.5
Chen et al. 2005 IHD AAP 0 0.007118 29
Puett et al. 2011 IHD AAP -0.00202 0.016446 17.9
Beelen et al. 2008 IHD AAP -0.00408 0.012412 28.3
Svendsen et al. 1987 (Males) IHD SHS -0.10536 1.483197 20

Hole et al. 1989 (Males) IHD SHS 0.737164 0.634965 20
Hirayama et al. 1990 (Males) IHD SHS 0.076961 0.093807 20

La Vecchia et al. 1993 (Males) IHD SHS 0.122218 0.468175 20

He et al. 1994 (Males) IHD SHS 0.476234 0.60933 20
Steenland et al. 1996 (Males) IHD SHS 0.270027 0.108203 20
Ciruzzi et al. 1998 (Males) IHD SHS 0.215111 0.361876 20
Rosenlund et al. 2001 (Males) IHD SHS 0.019803 0.169737 20
Svendsen et al. 1987 (Females) IHD SHS 1.166271 0.720849 50

Hole et al. 1989 (Females) IHD SHS 1.415853 0.625511 50
Hirayama et al. 1990 (Females) IHD SHS 0.262364 0.105034 50

La Vecchia et al. 1993 (Females) IHD SHS 0.262364 0.489011 50

He et al. 1994 (Females) IHD SHS 1.269761 0.754263 50
Steenland et al. 1996 (Females) IHD SHS 0.131028 0.082431 50
Ciruzzi et al. 1998 (Females) IHD SHS 1.393766 0.714909 50
Rosenlund et al. 2001 (Females) IHD SHS 0.457425 0.247568 50
Pope et al. 2011 IHD AS 0.476234 | 0.119648 1000
Pope et al. 2011 IHD AS 0.494696 | 0.091361 3667




Study Reference Outcome PM, 5 Logarithm | Standard PM;5 PM;5
Combustion of Error Concentration | Denominator
Type RR/pg/m’ Used to Concentration
Evaluate RR
Pope et al. 2011 IHD AS 0.727549 | 0.058031 6667
Pope et al. 2011 IHD AS 0.779325 0.073388 10000
Pope et al. 2011 IHD AS 0.858662 | 0.038824 13333
Pope et al. 2011 IHD AS 0.828552 | 0.092984 16667
Pope et al. 2011 IHD AS 0.797507 | 0.059757 20000
Pope et al. 2011 IHD AS 0.947789 | 0.152309 23333
Pope et al. 2011 IHD AS 0.832909 | 0.059647 26667
Pope et al. 2011 IHD AS 0.693147 | 0.108631 30000
Original analysis based on ACS STROKE AAP 0.011333 0.004982 14.2
Lepeule et al. 2012 STROKE AAP -0.00408 0.015987 15.9
Lipsett et al. 2011 STROKE AAP 0.014842 | 0.011407 15.6
Miller et al. 2007 STROKE AAP 0.060432 | 0.025364 13.4
Beelen et al. 2008 STROKE AAP 0.048243 0.021029 28.3
Gillis et al. 1984 (Males) STROKE SHS -1.10866 1.087418 35
Gillis et al. 1984 (Females) STROKE SHS 0.631272 1.093869 35
Sandler et al. 1989 (Males) STROKE SHS -0.03046 0.206434 35
Sandler et al. 1989 (Females) STROKE SHS 0.215111 0.094188 35
Yamada et al. 2003 (Males) STROKE SHS 0.122218 0.904277 35
Yamada et al. 2003 (Females) STROKE SHS -0.06188 0.255197 35
Iribarren et al. 2004 (Males) STROKE SHS 0.019803 0.187381 35
Iribarren er al. 2004 (Females) STROKE SHS 0.157004 0.124706 35
Whincup et al. 2004 (Males) STROKE SHS 0.431782 0.41577 35
Qureshi et al. 2005 (Females) STROKE SHS -0.10536 0.197242 35
Wen et al. 2006 (Females) STROKE SHS 0.41871 0.175639 35
Hill et al. 2007 (Males) STROKE SHS 0.463734 | 0.168868 35
Hill et al. 2007 (Females) STROKE SHS -0.10536 0.15079 35
Hill et al. 2007 (Males) STROKE SHS 0.598837 | 0.213399 35
Hill et al. 2007 (Females) STROKE SHS 0.157004 | 0.222774 35
Glymour et al. 2008 (Males) STROKE SHS 0.48858 0.300914 35
Glymour et al. 2008 (Females) STROKE SHS 0.378436 0.198807 35
Glymour et al. 2008 (Males) STROKE SHS 0.565314 0.15551 35
Glymour et al. 2008 (Females) STROKE SHS 0.444686 | 0.314322 35




Study Reference Outcome PM, 5 Logarithm | Standard PM;5 PM;5
Combustion of Error Concentration | Denominator
Type RR/pg/m’ Used to Concentration
Evaluate RR
Jefferis et al. 2010 STROKE SHS -0.06188 0.083547 35
Original analysis based on ACS | STROKE AS 0.157004 0.279005 1000
Original analysis based on ACS | STROKE AS 0.708036 0.159101 3667
Original analysis based on ACS | STROKE AS 0.756122 0.111752 6667
Original analysis based on ACS STROKE AS 0.582216 0.164769 10000
Original analysis based on ACS | STROKE AS 0.887891 0.080345 13333
Original analysis based on ACS | STROKE AS 1.026042 0.190406 16667
Original analysis based on ACS | STROKE AS 0.845868 0.132851 20000
Original analysis based on ACS | STROKE AS 0.824175 0.382641 23333
Original analysis based on ACS | STROKE AS 0.774727 0.140318 26667
Original analysis based on ACS | STROKE AS 0.741937 0.265557 30000
Original analysis based on ACS COPD AAP 0.004879 0.005314 14.2
Lepeule et al. 2012 COPD AAP 0.0157 0.015748 15.9
Lipsett et al. 2011 COPD AAP 0.017395 0.015568 15.6
Smith et al. 2014 COPD HAP 0.641854 | 0.255426 200 65
Smith et al. 2014 COPD HAP 0.993 0.167 330 100
Original analysis based on ACS COPD AS 1.413423 0.362642 1000
Original analysis based on ACS COPD AS 1.94591 0.200793 3667
Original analysis based on ACS COPD AS 1.796747 0.154106 6667
Original analysis based on ACS COPD AS 1.859418 0.195083 10000
Original analysis based on ACS COPD AS 2.107786 0.112795 13333
Original analysis based on ACS COPD AS 1.631199 0.302756 16667
Original analysis based on ACS COPD AS 2.393339 0.151127 20000
Original analysis based on ACS COPD AS 2.788093 0.330657 23333
Original analysis based on ACS COPD AS 2.48574 0.152194 26667
Original analysis based on ACS COPD AS 2.203869 0.285136 30000
Original analysis based on ACS LC AAP 0.013103 0.003795 14.2
Lepeule et al. 2012 LC AAP 0.031481 0.014427 15.9
Lipsett et al. 2011 LC AAP -0.00513 0.015034 15.6
Beelen et al. 2008 LC AAP 0.005827 | 0.013279 28.3
Brownson et al. 1992 LC SHS 0.518794 0.745212 35
Chan and Fung 1982 LC SHS -0.28768 0.282228 35




Study Reference Outcome PM,; 5 Logarithm | Standard PM; 5 PM; 5
Combustion of Error Concentration | Denominator
Type RR/pg/m’ Used to Concentration
Evaluate RR
Correa et al, 1983 LC SHS 0.727549 | 0.476773 35
Garfnkel et al. 1985 LC SHS 0.239017 | 0.191404 35
Geng et al. 1987 LC SHS 0.770108 0.353055 35
Inoue and Hirayama 1987 LC SHS 0.936093 0.634192 35
Kabat et al. 1995 LC SHS 0.076961 0.299366 35
Kabat et al. Wynder 1984 LC SHS -0.23572 0.58224 35
Kalandidi et al. 1990 LC SHS 0.641854 | 0.326769 35
Ko et al. 1997 LC SHS 0.262364 | 0.324736 35
Lam et al. 1987 LC SHS 0.698135 0.313149 35
Lee et al. 2000 LC SHS 0 0.507959 35
Liu et al. 1993 LC SHS 0.506818 0.419499 35
Shimizu et al. 1988 LC SHS 0.076961 0.266613 35
Sobue 1990 LC SHS 0.122218 0.188021 35
Trichopoulos et al. 1983 LC SHS 0.875469 0.396262 35
Zaridze et al. 1998 LC SHS 0.425268 0.187429 35
Akiba et al. 1986 LC SHS 0.405465 0.260625 35
Boffetta et al. 1999 LC SHS 0.10436 0.116617 35
Brownson et al. 1987 LC SHS 0 0.103435 35
Bufler et a. 1984 LC SHS -0.22314 0.438945 35
Fontham et al. 1994 LC SHS 0.254642 | 0.109894 35
Gao et al. 1987 LC SHS 0.173953 0.190452 35
Humble et al. 1987 LC SHS 0.587787 | 0.662055 35
Koo et al. 1997 LC SHS 0.494696 | 0.323325 35
Lam et al. 1987 LC SHS 0.500775 0.180101 35
Liu et al. 1991 LC SHS -0.26136 0.478805 35
Nyberg et al. 1997 LC SHS 0.04879 0.288623 35
Pershagen et al. 1987 LC SHS 0.182322 0.280258 35
Shen et al. 1998 LC SHS 0.48858 0.444916 35
Stockwell et al. 1992 LC SHS 0.470004 | 0.345547 35
Svenson et al. 1989 LC SHS 0.231112 0.406965 35
Wang et al. 1996 LC SHS 0.10436 0.270932 35
Wu et al. 1985 LC SHS 0.182322 0.36406 35




Study Reference Outcome PM,; 5 Logarithm | Standard PM; 5 PM; 5
Combustion of Error Concentration | Denominator
Type RR/pg/m’ Used to Concentration
Evaluate RR
Wu et al. 1990 LC SHS -0.23572 0.124486 35
Butler et al. 1998 LC SHS 0.703098 0.867882 35
Cardenas et al. 1997 LC SHS 0.182322 0.20687 35
Garfunkel et al. 1985 LC SHS 0.182322 | 0.192289 35
Hirayama 1981 LC SHS 0.336472 | 0.176823 35
Hole et al. 1989 LC SHS 0.693147 1.128787 35
Johnson et al. 2001 LC SHS 0.48858 0.376507 35
Wang et al. 2000 LC SHS 0.173953 0.267812 35
Seow et al. 2002 LC SHS 0.262364 | 0.176823 35
Smith et al. 2014 LC HAP 0.231112 | 0.096809 200 45.5
Smith et al. 2014 LC HAP 0.593 0.268 330 70
Pope et al. 2011 LC AS 2.345645 0.182696 1000
Pope et al. 2011 LC AS 2.083185 0.158627 3667
Pope et al. 2011 LC AS 2.453588 0.102988 6667
Pope et al. 2011 LC AS 2.634045 0.118683 10000
Pope et al. 2011 LC AS 2.989714 | 0.075685 13333
Pope et al. 2011 LC AS 3.170526 | 0.120746 16667
Pope et al. 2011 LC AS 3.289148 0.088681 20000
Pope et al. 2011 LC AS 3.285412 | 0.185462 23333
Pope et al. 2011 LC AS 3.42198 0.087763 26667
Pope et al. 2011 LC AS 3.667656 | 0.117077 30000
Brauer et al. (2002) ALRI AAP 0.012257 | 0.030595 16.9
Hertz-Picciotto et al. (2007) ALRI AAP 0.010495 0.003981 223
Karr et al. (2007) ALRI AAP 0.008618 0.002288 25
Karr et al. (2009) ALRI AAP 0.003922 | 0.010991 12.1
Blizzard et al. 2003 ALRI SHS 0.463734 | 0.147312 50
Bonu et al. 2004 ALRI SHS 0.139762 | 0.075314 50
Etiler et al. 2002 ALRI SHS 0.067659 | 0.148168 50
Kristensen et al. 2006 ALRI SHS 0.371564 0.14942 50
Baker et al. 2006 ALRI SHS 0.254642 0.12521 50
Broor et al. 2001 ALRI SHS -1.7148 1.064895 50
Chen et al. 1994 ALRI SHS 0.398776 | 0.174405 50




Study Reference Outcome PM, 5 Logarithm | Standard PM;5 PM;5
Combustion of Error Concentration | Denominator
Type RR/pg/m’ Used to Concentration
Evaluate RR

Duijts et al. 2008 ALRI SHS -0.19845 0.274887 50

Ekwo et al. 1983 ALRI SHS 0.737164 | 0.317623 50

Ferris et al. 1985 ALRI SHS 0.615186 | 0.087697 50

Forastiere et al. 1992 ALRI SHS 0.277632 0.112884 50

Gardner et al. 1984 ALRI SHS 0.223144 0.22149 50

Kock et al. 2003 ALRI SHS 0.756122 | 0.248502 50

Margolis et al. 1997 ALRI SHS 0.336472 0.207783 50

Nuesslein et al. 1999 ALRI SHS 0.076961 0.941041 50

Ogston et al. 1985 ALRI SHS 0.662688 0.368793 50

Ogston et al. 1987 ALRI SHS 0.518794 | 0.115821 50

Pedreira et al. 1985 ALRI SHS 0.239017 0.13706 50

Rylander et al. 1995 ALRI SHS 0.774727 | 0.257175 50

Taylor et al. 1987 ALRI SHS 0.378436 | 0.104149 50

Hassan et al. 2001 ALRI SHS 0.770108 0.213568 50

Suzuki et al. 2009 ALRI SHS 0.438255 0.109485 50

Victora et al. 1994 ALRI SHS -0.06188 0.134529 50

Smith et al. 2011 ALRI HAP 0.268264 | 0.447947 79 49
Smith et al. 2011 ALRI HAP 0.589684 | 0.325059 103 49
Smith et al. 2011 ALRI HAP 0.334639 | 0.329612 131 49
Smith et al. 2011 ALRI HAP 0.41961 0.364845 163 49
Smith et al. 2011 ALRI HAP 0.610787 | 0.327824 197 49
Smith et al. 2011 ALRI HAP 0.682406 | 0.312955 230 49
Smith et al. 2011 ALRI HAP 0.718465 0.345909 282 49
Smith et al. 2011 ALRI HAP 0.575364 | 0.397693 363 49
Smith et al. 2011 ALRI HAP 0.753269 | 0.325687 553 49
Smith et al. 2011 ALRI HAP 0.32142 0.436931 103 79
Smith et al. 2011 ALRI HAP 0.066375 0.431997 131 79
Smith et al. 2011 ALRI HAP 0.151346 | 0.455861 163 79
Smith et al. 2011 ALRI HAP 0.342523 0.433673 197 79
Smith et al. 2011 ALRI HAP 0.414142 | 0.426658 230 79
Smith et al. 2011 ALRI HAP 0.450201 0.436423 282 79
Smith et al. 2011 ALRI HAP 0.3071 0.485299 363 79




Study Reference Outcome PM, 5 Logarithm | Standard PM;5 PM;5
Combustion of Error Concentration | Denominator
Type RR/pg/m’ Used to Concentration
Evaluate RR
Smith et al. 2011 ALRI HAP 0.485005 0.444977 553 79
Smith et al. 2011 ALRI HAP -0.25505 0.333622 131 103
Smith et al. 2011 ALRI HAP -0.17007 0.343254 163 103
Smith et al. 2011 ALRI HAP 0.021103 0.307069 197 103
Smith et al. 2011 ALRI HAP 0.092722 | 0.312731 230 103
Smith et al. 2011 ALRI HAP 0.128781 0.327205 282 103
Smith et al. 2011 ALRI HAP -0.01432 0.373858 363 103
Smith et al. 2011 ALRI HAP 0.163585 0.317819 553 103
Smith et al. 2011 ALRI HAP 0.084971 0.343366 163 131
Smith et al. 2011 ALRI HAP 0.276148 0.306331 197 131
Smith et al. 2011 ALRI HAP 0.347767 | 0.312737 230 131
Smith et al. 2011 ALRI HAP 0.383826 | 0.350659 282 131
Smith et al. 2011 ALRI HAP 0.240725 0.382238 363 131
Smith et al. 2011 ALRI HAP 0.41863 0.323761 553 131
Smith et al. 2011 ALRI HAP 0.191177 | 0.329942 197 163
Smith et al. 2011 ALRI HAP 0.262796 | 0.337799 230 163
Smith et al. 2011 ALRI HAP 0.298855 0.373284 282 163
Smith et al. 2011 ALRI HAP 0.155755 0.399347 363 163
Smith et al. 2011 ALRI HAP 0.333659 | 0.351879 553 163
Smith et al. 2011 ALRI HAP 0.071619 | 0.289433 230 197
Smith et al. 2011 ALRI HAP 0.107678 0.322166 282 197
Smith et al. 2011 ALRI HAP -0.03542 0.355146 363 197
Smith et al. 2011 ALRI HAP 0.142482 | 0.312631 553 197
Smith et al. 2011 ALRI HAP 0.036059 | 0.334963 282 230
Smith et al. 2011 ALRI HAP -0.10704 0.377171 363 230
Smith et al. 2011 ALRI HAP 0.070863 0.3172 553 230
Smith et al. 2011 ALRI HAP -0.1431 0.398081 363 282
Smith et al. 2011 ALRI HAP 0.034804 | 0.336203 553 282
Smith et al. 2011 ALRI HAP 0.177905 0.386069 553 363




Sensitivity of RRs and PAFs to model form

We considered seven alternative RR models that have been suggested in the literature or
variations on these previous examined forms. The first alternative risk model assumes a linear
increase in RR up to 50 pg/m’ and no change in RR above this level. This model was used by
Cohen et al. (2004) to estimate the burden of disease from cardiopulmonary mortality due to

outdoor urban air pollution exposures in 2000 (WHO 2002):
for z <z., RRrins0(z) = 1,
for z.r < z <50, RRpins0(z) = 1 + y(z — z¢p), and
for z> 50, RRrinso(z) = 1 + y (50 — zp). [1]

The second model form assumes a linear increase in RR up to 30 pg/m’ as this concentration is

the highest value reported in any of the AAP cohort studies:
for z <z., RRrin30(z) = 1,
for z.r < z <30, RRrin30(z) = 1 + y(z — z¢p), and
for z> 30, RRrin30(z) = 1 + y (30 — z¢). [2]

The third model assumes that the RR increases as the logarithm of PM;s exposure on the

exponential scale (Cohen et al. 2004; Ostro 2004):
for z <z., RRiog(z) =1,

for 2> z., RR1,¢(2) = [(z + 1) / (zog+ 1)]°. [3]



This model can be made more flexible by adding an additional parameter, ¢, which alters the rate

of increase of the risk function at low concentrations:

for z <z., RRpog2(z) = 1,

for z >z, RR10g2(2) = [(z + §) / 2+ P17 [4]

The fifth model assumes a power function form proposed by Pope et al. (2009, 2011):

for z <z., RRpowed2z) = 1,

for 2> z.5, RRpower(z) = 1 + Oz — zo1)". [5]

The sixth model considered is a linear model:
for z <z., RRLinealz) = 1,
for z > z.5, RRpinear(z) = 1 + 1z — zy). [6]

The seventh and final alternative model is the RR;zz model with the power of concentration 9 set

to unity and thus has the form:
for z <z., RRpy(z) =1
forz >z, RReg(z) =1 + a{l —exp[-y (z —z)]}. [7]

Predicted RRs and CIs from the seven alternative model forms examined are presented in
Figures S1-S7 for the four causes of death and in Figures S8-S14 for ALRI. We calculated both

the Akaike (AIC) and Bayesian (BIC) Information Criteria for each of the eight models

10



examined as a measure of goodness-of-fit of the various forms of risk models. These measures
include different penalties for the number of estimated parameters. These values are presented in
Table S2 with smaller (or larger negative) values indicating better fit. The RR;zr model returned
the lowest AIC and BIC of the eight models considered for four of the five outcomes examined
(Table S1). Only for COPD was the IER model not the best fit. The Log2 model provided a
slightly better fit by 0.4% for the AIC and 0.5% for the BIC compared the IER model (Table S1).
The Linear, Lin30, and Lin50 models clearly under/over predict the input RRs for various ranges
of PM, s concentrations (Figurers S1-S14). The Exp and Log models tended to be the next best
predictors. The Power and Log2 models gave similar and generally superior predictions to the
other model forms except for the IER model which was superior to all other models for four of
the five outcomes examined and nearly as good with the fifth outcome (COPD). We conclude
from this analyses that the single model form best predicting all five outcomes was the IER

model.
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Figure S1. Predicted values of Lin50 model (solid line) and 95% confidence interval (dashed
line) for ischemic heart disease (IHD), stroke, chronic obstructive pulmonary disease (COPD),
and lung cancer (LC) mortality. Type-specific relative risks (RR) (points) and 95% confidence
intervals (error bars) also presented. Green dots represent AAP cohort study RRs, blue triangles
represent pooled SHS RRs, and black dots represent AS RRs. Shaded boxes for COPD and LC
mortality represent uncertainty (height) and exposure contrast (width) of RR HAP estimates for
males and females separately. PM; s concentrations are on the logarithmic (base 10) scale on x-

axis.
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Figure S2. Predicted values of Lin30 model (solid line) and 95% confidence interval (dashed
line) for ischemic heart disease (IHD), stroke, chronic obstructive pulmonary disease (COPD),
and lung cancer (LC) mortality. Type-specific relative risks (RR) (points) and 95% confidence
intervals (error bars) also presented. Green dots represent AAP cohort study RRs, blue triangles
represent pooled SHS RRs, and black dots represent AS RRs. Shaded boxes for COPD and LC
mortality represent uncertainty (height) and exposure contrast (width) of RR HAP estimates for
males and females separately. PM; s concentrations are on the logarithmic (base 10) scale on x-

axis.
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Figure S3. Predicted values of Log model (solid line) and 95% confidence interval (dashed line)
for ischemic heart disease (IHD), stroke, chronic obstructive pulmonary disease (COPD), and
lung cancer (LC) mortality. Type-specific relative risks (RR) (points) and 95% confidence
intervals (error bars) also presented. Green dots represent AAP cohort study RRs, blue triangles
represent pooled SHS RRs, and black dots represent AS RRs. Shaded boxes for COPD and LC
mortality represent uncertainty (height) and exposure contrast (width) of RR HAP estimates for
males and females separately. PM; s concentrations are on the logarithmic (base 10) scale on x-

axis.
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Figure S4. Predicted values of Log2 model (solid line) and 95% confidence interval (dashed
line) for ischemic heart disease (IHD), stroke, chronic obstructive pulmonary disease (COPD),
and lung cancer (LC) mortality. Type-specific relative risks (RR) (points) and 95% confidence
intervals (error bars) also presented. Green dots represent AAP cohort study RRs, blue triangles
represent pooled SHS RRs, and black dots represent AS RRs. Shaded boxes for COPD and LC
mortality represent uncertainty (height) and exposure contrast (width) of RR HAP estimates for
males and females separately. PM; s concentrations are on the logarithmic (base 10) scale on x-

axis.
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Figure S5. Predicted values of Power model (solid line) and 95% confidence interval (dashed
line) for ischemic heart disease (IHD), stroke, chronic obstructive pulmonary disease (COPD),
and lung cancer (LC) mortality. Type-specific relative risks (RR) (points) and 95% confidence
intervals (error bars) also presented. Green dots represent AAP cohort study RRs, blue triangles
represent pooled SHS RRs, and black dots represent AS RRs. Shaded boxes for COPD and LC
mortality represent uncertainty (height) and exposure contrast (width) of RR HAP estimates for
males and females separately. PM; s concentrations are on the logarithmic (base 10) scale on x-

axis.
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Figure S6. Predicted values of Linear model (solid line) and 95% confidence interval (dashed
line) for ischemic heart disease (IHD), stroke, chronic obstructive pulmonary disease (COPD),
and lung cancer (LC) mortality. Type-specific relative risks (RR) (points) and 95% confidence
intervals (error bars) also presented. Green dots represent AAP cohort study RRs, blue triangles
represent pooled SHS RRs, and black dots represent AS RRs. Shaded boxes for COPD and LC
mortality represent uncertainty (height) and exposure contrast (width) of RR HAP estimates for
males and females separately. PM; s concentrations are on the logarithmic (base 10) scale on x-

axis.

17



IHD

Relative Risk

COPD

PM, 5 (pg/m)

Figure S7. Predicted values of Exp model (solid line) and 95% confidence interval (dashed line)
for ischemic heart disease (IHD), stroke, chronic obstructive pulmonary disease (COPD), and
lung cancer (LC) mortality. Type-specific relative risks (RR) (points) and 95% confidence
intervals (error bars) also presented. Green dots represent AAP cohort study RRs, blue triangles
represent pooled SHS RRs, and black dots represent AS RRs. Shaded boxes for COPD and LC
mortality represent uncertainty (height) and exposure contrast (width) of RR HAP estimates for
males and females separately. PM; s concentrations are on the logarithmic (base 10) scale on x-

axis.

18



7 ALRI 2
uwy
o Tl = =
-
. —
3
ﬁ_ L -
[
- o4 - = &
: :
2 [
= =
e
uwy
-
- I

PM = (ug/m’)
Figure S8. Predicted values of Lin50 model (solid line) and 95% confidence interval (dashed
line) for acute lower respiratory infection infants (ALRI). Type-specific relative risks (RR)
(points) and 95% confidence intervals (error bars) also presented. Green dots represent AAP
cohort study RRs, blue triangle represents pooled SHS RRs, and red dots represent household air
pollution (HAP) RRs. Right hand y-axis represents HAP incidence rates. are PM; s

concentrations are on the logarithmic (base 10) scale on x-axis.
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Figure S9. Predicted values of Lin30 model (solid line) and 95% confidence interval (dashed
line) for acute lower respiratory infection infants (ALRI). Type-specific relative risks (RR)
(points) and 95% confidence intervals (error bars) also presented. Green dots represent AAP
cohort study RRs, blue triangle represents pooled SHS RRs, and red dots represent household air
pollution (HAP) RRs. Right hand y-axis represents HAP incidence rates. PM, s concentrations

are on the logarithmic (base 10) scale on x-axis.
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Figure S10. Predicted values of Log model (solid line) and 95% confidence interval (dashed
line) for acute lower respiratory infection infants (ALRI). Type-specific relative risks (RR)

(points) and 95% confidence intervals (error bars) also presented. Green dots represent AAP

3.5
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Incdence

cohort study RRs, blue triangle represents pooled SHS RRs, and red dots represent household air

pollution (HAP) RRs. Right hand y-axis represents HAP incidence rates. PM, s concentrations

are on the logarithmic (base 10) scale on x-axis.
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Figure S11. Predicted values of Log2 model (solid line) and 95% confidence interval (dashed
line) for acute lower respiratory infection infants (ALRI). Type-specific relative risks (RR)
(points) and 95% confidence intervals (error bars) also presented. Green dots represent AAP
cohort study RRs, blue triangle represents pooled SHS RRs, and red dots represent household air
pollution (HAP) RRs. Right hand y-axis represents HAP incidence rates. PM, s concentrations

are on the logarithmic (base 10) scale on x-axis.
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Figure S12. Predicted values of Power model (solid line) and 95% confidence interval (dashed

line) for acute lower respiratory infection infants (ALRI). Type-specific relative risks (RR)

(points) and 95% confidence intervals (error bars) also presented. Green dots represent AAP

cohort study RRs, blue triangle represents pooled SHS RRs, and red dots represent household air

pollution (HAP) RRs. Right hand y-axis represents HAP incidence rates. PM, s concentrations

are on the logarithmic (base 10) scale on x-axis.
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Figure S13. Predicted values of Linear model (solid line) and 95% confidence interval (dashed
line) for acute lower respiratory infection infants (ALRI). Type-specific relative risks (RR)
(points) and 95% confidence intervals (error bars) also presented. Green dots represent AAP
cohort study RRs, blue triangle represents pooled SHS RRs, and red dots represent household air
pollution (HAP) RRs. Right hand y-axis represents HAP incidence rates. PM, s concentrations

are on the logarithmic (base 10) scale on x-axis.
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Figure S14. Predicted values of Exp model (solid line) and 95% confidence interval (dashed
line) for acute lower respiratory infection infants (ALRI). Type-specific relative risks (RR)
(points) and 95% confidence intervals (error bars) also presented. Green dots represent AAP
cohort study RRs, blue triangle represents pooled SHS RRs, and red dots represent household air
pollution (HAP) RRs. Right hand y-axis represents HAP incidence rates. PM, s concentrations

are on the logarithmic (base 10) scale on x-axis.
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Table S2. AIC and BIC by outcome and model form.

Outcome Model Form AIC BIC
LC Exp -10154.8 -10150.6
LC Power -10142.6 -10138.4
LC Log -10058.6 -10056.5
LC Lin -10151.6 -10149.5
LC Lin50 -9926.08 -9924
LC IER -10250 -10243.8
LC Lin30 -9978.5 -9976.43
LC Log2 -10173.8 -10169.6
IHD Exp -4695.4 -4692.35
IHD Power -4719.88 -4716.83
IHD Log -4700.36 -4698.84
IHD Lin -4678.08 -4676.56
IHD Lin50 -4698.39 -4696.86
IHD IER -4752.9 -4748.32
IHD Lin30 -4698.01 -4696.49
IHD Log2 -4697.99 -4694.94
STROKE Exp -4153.66 -4150.55
STROKE Power -4133.08 -4129.97
STROKE Log -4148.31 -4146.76
STROKE Lin -4124.57 -4123.01
STROKE Lin50 -4128.61 -4127.05
STROKE IER -4221.2 -4216.53
STROKE Lin30 -4123.09 -4121.54
STROKE Log2 -4140.35 -4137.24
COPD Exp -741.901 -740.485
COPD Power -757.671 -756.255
COPD Log -707.757 -707.049
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Outcome Model Form AIC BIC

COPD Lin -741.821 -741.113
COPD Lin50 -692.504 -691.796
COPD IER -747.208 -745.084
COPD Lin30 -704.453 -703.744
COPD Log2 -749.581 -748.165
ALRI Exp -13894.9 -13890.3
ALRI Power -13906 -13901.5
ALRI Log -13893.4 -13891.1
ALRI Lin -13889.2 -13886.9
ALRI Lin50 -13894.1 -13891.8
ALRI IER -13951 -13944.2
ALRI Lin30 -13893 -13890.7
ALRI Log2 -13915 -13910.4
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Characterizing Uncertainty

We used a simulation approach to estimate uncertainty for both the risk function and PAF based

on uncertainty in several components of the relative risk function and PAF.

Uncertainty in the estimates of (a, B, 0)

We first determine the logarithm of the relative risk estimates {#,*),.. .,;’\KY(S),S =1,...,S} denoted

A (s) A (s) _ N(s) n () _
by {8, ..., By, S = 1,...,S}. Further denote the standard error of {f, ..., By, s = 1,...,S} by

Al A . . . .
{v IY), vng),S = 1,...5}. We then generate 1000 realizations of the log-relative risks assuming a

e . IO N (s) .. N(s) A ()
normal distribution with mean {5, , ..., B s = I,...,S} and standard deviation {v, ,..., v s =

1,...,S}tand take their exponents. One thousand estimates of (¢, f, d) are obtained for each set of
simulated RRs. We have found in practice that in a small percentage of cases (< 5%) the
estimation routine does not converge due to a set of simulated RR that are not consistent with the

risk model form. We continue to simulate risks until 1000 estimates of (¢, f, 0) are obtained.

Uncertainty in the exposure estimate of PM. s

Estimates of PM,s and their associated uncertainty are described in detail by Brauer et al.
(2011). In summary, the average of a satellite-based remote sensing estimate and an atmospheric
model were constructed for each 0.1° by 0.1° grid. This summary estimate was calibrated to
available ground based monitoring data. The estimate of uncertainty was obtained based on the
residual error estimate of the calibration regression equation. Uncertainty in both the remote
sensing estimates and the atmospheric model are intrinsically incorporated into our uncertainty

estimate based on the residual error of these two PM; 5 prediction approaches to the ground data.
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Uncertainty in the counterfactual concentration

We define the counterfactual concentration as the lowest exposure level at which we have a
reasonable degree of confidence in the range of concentrations to which our outdoor air pollution
RR estimates apply. Specifically, we define the counterfactual concentration z. as a uniform
random variable with lower bound defined by the minimum concentration observed in the
American Cancer Society Cancer Prevention II cohort (Krewski et al. 2009) of 5.8pug/m’ and an
upper bound defined by the 5™ percentile of 8.8 pug/m’. One thousand draws from this uniform
distribution were taken and sequentially applied to the 1000 draws of the source specific RRs in

order to estimate (¢, £, 6) 1000 times.

Uncertainty in the population attributable risk

For each grid cell within each country a concentration value was independently drawn from the
PM, 5 uncertainty distribution. Based on the randomly selected concentration in a grid cell, 1000
estimates of (a, 3, 0) and z,, were determined and from these values 1000 values 1000 RRzr
values were estimated. Then 1000 population-weighted RRs were calculated for each country
using the grid cell specific RR;zr values. Finally 1000 country-specific PAFs were determined.
The mean of these 1000 PAF values was used as our central estimate and the 2.5% and 97.5%
values among the 1000 PAFs determined were used to form the lower and upper confidence

intervals respectively.

Age-modification risk models for ischemic heart disease and stroke
mortality

Epidemiologic studies of risk factors for both IHD and stroke indicate that the RR declines with

the logarithm of age, reaching 1 between 100 and 120 (Singh et al. 2013). We thus modified the
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type-specific RR for both IHD and stroke mortality using a linear regression model of the
logarithm of the median age at death for each study with intercept equal to 1 at age 110. The
slope of the regression line was estimated from a meta-analysis of several risk factors (Singh et
al. 2013). We applied this age-modification to the RRs and fit the IER model for each age group
separately. We compared the country specific estimated PAFs using the age-modified models to

those models using age independent data.

Age-modified RRgr curves are displayed for IHD and stroke mortality in Figure S15 (top panels)
with generally decreasing risk with increasing age. The country-specific PAFs based on risk
models not modified by age and those in which age-modification models were used for both IHD
and stroke mortality are presented in Figure S15 (bottom panels). Incorporation of age-

modification risk models tends to slightly decrease the PAF estimates.

We compared the distributions of country-specific estimated PAFs for the eight RR models for
the five health outcomes (Figure S15). The PAFs were clearly sensitive to the risk model with
large variations observed between model specifications for the four causes of death but similar
predictions for ALRI. The linear risk model yielded the lowest PAFs for all five health outcomes

but the relative ranking in PAFs among models was dependent the cause of death.
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Figure S15. Integrated exposure-response (IER) curves for ischemic heart disease (IHD) (upper

left hand panel) and stroke (upper right hand panel) by age group. Comparision of country-

specific population attributable risk (PAF) with (y-axis) and without (x-axis) age adjustment for

IHD (bottom left panel) and stroke (bottom right panel) with 1:1 line.
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