SUPPLEMENTARY MATERIALS

Table S1: Daily hospitalization rates for 19892005 for each cardiovascular and
respiratory suimutcome. Median (IQR) per 100,000 people across 108 US counties,
stratified by geographical region and by high and low percent wrtyarHigh and low
percent urbanicity are defined as below or above the median percent urbanicity for the
108 counties included in the data set, which is equal to 95%.

National Low urbanicity High urbanicity
Number of Counties 108 54 54
CvD 19.7 (16.2t022.2) 19.8 (17.3t022) 19.2 (15.7 to 22.5)
ischemic heart disease 5.9 (510 6.8) 2 (5.3t06.8) 5(4.9t06.9)
heart rhythm 3.1(2.6 10 3.5) 1(2.7 t0 3.5) 9 (2.6 to 3.6)
heart failure 5.2 (4.2106.3) 2(4.5t06.2) 2(4.1t06.6)
cerebrovascular disease 4.3 (3.7t04.8) 3(3.7t04.8) 2(3.6t04.8)
peripheral vascular disease 0.7 (0.6 t0 0.9) 8 (0.6 t0 0.9) 7 (0.6 t0 0.9)
RESP .3 (6.6 to0 8.8) 7.9 (6.8t09.1) 7.1 (6.3 t0 8.5)
respiratory infection 5 2(44106.1) 4(46106.1) 5(4.4t0 6)
COPD 4 (1.8102.8) 2.5(2102.8) 2(1.8t02.7)
injury 4.5 (4.2t04.9) 46 (4.2104.9) 4.4 (4.1104.8)

East Low urbanicity High urbanicity

Number of Counties 77 37 40

CvD

ischemic heart disease 6.2 (5.6 t07.2) 3(5.8to7) 2(5.3t07.3)
heart rhythm 3.3(29103.7) 3 2 (3 to 3.6) 3(2.8t03.9)
heart failure 57(5t07.1) 55(4.71t07) 9(5.1t07.5)
cerebrovascular disease 46 (4.1t05) 46 (41t04.9) 7(4.2t05.1)
peripheral vascular disease 0.8 (0.7to0 1) 0.8 (0.7t00.9) 8 (0.7 to 1.1)
RESP 8.1 (7 t0 9.3) 8.1 (7 t09.2) 1(6.9t09.5)
respiratory infection 55(4.7106.2) 55(4.71t06.1) 4 (4.91t06.3)
COPD 26(2.2t03.1) 2.6 (2.4 to 3) 4(2.1103.1)
injury 4.7 (4.2t0 5) 4.8 (4.41t05) 5(4.2t04.8)
West Low urbanicity High urbanicity
Number of Counties 31 17 14
CvD 15.5(13.6to 16.6) 15.6 (13.6t0 18.7) 15.5(13.9to0 15.8)
ischemic heart disease 48 (4.1t05.4) 1(4.2t06.4) 4.8 (4 to 5)
heart rhythm 2.4 (2.31t02.6) 25(2.3t02.8) 2.3(2.2t02.6)
heart failure 3.8(3.4104.3) 7(3.3t04.9) 3.8(3.61t04.2)
cerebrovascular disease 3.6 (3.3t03.8) 6(3.2t04.1) 3.6 (3.3t03.7)
peripheral vascular disease 0.6 (0.5t00.7) 5(0.5t00.7) 0.6 (0.5 10 0.6)
RESP 6 5(5.7to 7.5) 7 (5.7 to 8.5) 6.3 (5.4 t06.9)
respiratory infection 7(4.2t05.4) 8(4.1t06.2) 45 (4.2t05)
COPD 1.8(1 5102.2) 9 (1.7 to 2.6) 1.8(1.3t02)
injury 42 (4t04.4) 2(4.1t04.4) 42 (4t04.4)

20.7 (18.9 to 23.5)

204(189to22 8)

21.2 (18.9t0 24.3)



Figure S1: Percentage Change in Hospitalization Rate pepd/n® increase in P

25 unadjusted (solid circle) and adjusted (open circle) fop M average acresl08
counties at lag .(Results are reported for the following caggecific cardiovascular and
respiratory outcomeschronic obstructive pulmonary disease (COPD) {49P);
respiratory infections (46466 and 480187); peripheral vascular disease (44@);
cerebrovascular events (4338); heart failure (428), heart rhythm disturbances (426
427); ischemic heart disease (4414, 429).
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Figure S2: Percentage change in hospitalization rate by cause peg/h®’ increase in
PM. s, unadjusted (solid circle) and adjusted (open circle) forENMon average across
108 US countiesE=stimates shown for All Resp, respiratory infectiand ischemic heart
disease are for a twaay lag exposure to P\ All other estimates are for sardey lag
exposure.
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Figure S3a: Sensitivity analysis of the percentage change in hospitalization rates for
cardiovascular, respiratory, and injury hospitalization réa@s: 800-849) per 10 ug/m?®

increase in lag 0 PM2s with respectto the degrees of freedom used in the smooth
function of time.
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Section S3b: Sensitivity analysis of the percentage change in hospitalization rates for
cardiovascular, respiratory, and injury hospitalization ra@s: 800-849) per10 ug/m’
increase in lag 0 PM (for cardiovascular and injury) and lag 2 (for respiratory) with
respect to the degrees of freedom used in the smooth function of time.
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Section A: Power Considerations

A key featureof our aproach is that we used efull suiteof evidence available
nationally however power isinherently and inescapably limited, particularly for
testinghypotheses related to effestodification For estimating the acute effects of
PMso.25 using the county as a geographical uni¢, used a subset of teeidy population
used in the national analysis of PMon cardiovasculaand respiratory hospital
admissions and therefore we expekctsimilarpower as in(1). To increase the
statisticalpower, we aggregated the hospitalization counts across the 2 and
cardiovascular and respiratory outcomes considered in the pretialys

For example, with data from 192®05 and cardiovascular hospital admissions, we
would have the power (80%) to detect a national average relative risk as small as 0.45%
per 10 !g/nt and a change in the courgpecific risk as smaths 0.07%for every 1%
change in a countyOs percent urban.

Specifically, let!, be theRR for countyc and ! the national average relative risk.

Assume,f | . ~ N(B,,v.) and”, ~ N(",!?), wherev, is the countyspecific variance

for '0 and! ? represents the spatial heterogeneity. Then the estimated national average
RR is

(v, +#%)
" (v, +#%)

- ) ~
=" w8 w, =

var($) = [' (v, +#2)] '
In estimating effect modification of a cigpecific covariatex,, the marginal distribution
of /' follows N(#+"x_,v, +!?),where ! is the parameter of interest. By weighted
regression,
O=[(x! ) W O] et X)W W =diag((v, +#)'T)
var(9) =[(x! x)"w''(x! x)]'"*

Table S2 summarizes the power for estimating the national average relative risk for
cardiovascular and respiratory admission Table S3 summarizes the power for
estimating the effect modification of courdpecific percent urban on the national
average relative risk for cardiovascular and respiratory diseases.



Table S2: Power analysis for national average effect of lag @sxye to P2 5.

Outcome Effect Size Power

CVD 0.25 0.35
0.35 0.59
0.45 0.80
0.55 0.93
0.65 0.98
0.75 1.00
0.85 1.00

RESP 0.20 0.10
0.40 0.28
0.60 0.54
0.80 0.80
1.00 0.93
1.20 0.99
1.40 1.00

Table S3: Power analysis for éhinteraction between cours$pecific percent urban and
the effect of lag 0 exposure to s on cardiovascular admissions. The effect size is
presented as a change in the cotsgcific risk per 1% increase in a countyOs percent
urban.

Outcome Effect Size Power

CVD 0.01 0.06
0.03 0.22
0.05 0.50
0.07 0.78
0.09 0.94
0.11 0.99

RESP 0.04 0.15
0.06 0.27
0.08 0.44
0.10 0.62
0.12 0.77
0.14 0.89
0.16 0.95

0.18 0.98



Section B: Details of Regression Calibration Analysis for PM;._; s

In the original analyses, daily courvel exposure indicators for Bi¥land PMo.2 s

were defined as the trimmed mean of all availablgBMobservations from collocated
monitors on a particular day. Our regression calibration approach viewsdmer@ants

from multiple monitors as errgrone repeated measurements of the unobserved true
exposure. Here true exposure is defined as the average exposure experienced by the at
risk population over the county's geographic area. Within each county, vetethétM s

and PMg2 5 separately under the classical measurement error model. We assumed the
observed monitespecific measurements on a particular day were generated from the true
exposure plus an independent Normal random error with mean zero. e she
measurement error variances to be timariant but allowed them to differ across

counties. To estimate courspecific relative risks, we replaced the true cotawgrage
exposure with its best linear unbiased predictor estimated from therereast error

model.

DenoteW,, asthe observed measurement of f8b% on dayt at monitor m in countg

and denoteX; as the corresponding true unobserved colevwgl exposure. The

classical measurement erroraebassumed’; = X + U, , whereU;, represents a

mean zero measurement error with constant variance. Additionally, we assume that the
true countylevel PMy» s measuremenX; depends on covariatéy, which includes
predictors such as the day of the week as well as smooth functions of time and
temperature. Conditional o4, and Z; we assure thatU;, has a Normal distribution

with mean zero and varian&;,. This variance can be estimated in counties that have

multiple collocated monitors from which R4 s can be calculated.

Following closely the eévelopment ofChapter 4 of Carroll, et é2), we can estimat&;
using the best linear unbiased predictoKE| Z, V_Vtc],

—cC #I ¢ g#l ¢ +" ¢ /Mc "e &1 ¢ 68
E[X|Z W= p, 495 (%™ ™ ﬁ%vc, ) ”ff
$ zz' $ Xz ZZI gzt ) IJ:

Here,W: is the average of the observed b4 values across monitors for a given day t,
H,, is the overall mean of the observed bk across all monitors and all days, guidis

the oveall mean of the predictors id;. We useX_, to denote the covariance between

two variablesa andb. In the above equatio; indicates the number of monitor
measurements on day

Among the 108 counties used in this study, only 60 had more than one collocated
monitor. Across the 60 counties, the square root of the measurement error variance for
PMig25ranged from 1.3 to 11.1 and the correlation between the regression calibrated
version & PMio2 5 and the version used for the main findings was high, ranging from

0.93 to 0.99 across the 60 counties. Figure S4 summarizes the national average relative



risk estimates for cardiovascular and respiratory diseases using our original model and
the regression calibration approach.



Figure S4: Percent change in hospital admission rates for cardiovascular and respiratory
diseases petO-pg/m® increase in PM., s, adjusted for PMs. Each panel shows for each

lag the original reported estimate {datircle), the estimate using a subset of 60 counties
(open circle), and the regressicalibrated estimate using 60 counties (triangle).
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Section C: Details of Pollutant Processing

This section describes how the pollutant (M and PM s) data vere constructed from
the monitor data.

First, each county has associated with it a number of monitors for a given a pollutant
(either PMo25 and PMs). For PMo2 s we refer to a pair of collocated Rivand PM 5
monitors. If a county has only one nitor (or only one pair of collocated monitors),

then nothing is done and the series for that monitor is used for the county. For counties

with more than one monitor, Ie(J?t be the raw pollutant value for monitor j in county c
on dayt. The detrended valug;, is defined aR} = X*, - M, where M is a 365 day

two-sided running mean of¢,. The values oR are the detrended OresidualsO from the

original pollutant series. If a county has 2 monitors, tReris computed for each day t

asR; = 0.5 (R, + R:,). If a county has more than 2 monitors, then a 10% trimmed mean
of the R} Os is taken for each day. That is, if there are J monitors in a county, then for

each day tR; = TrimmedMean] R, E, R;]. Ifthere are fewer than 10 monitors,

then the lowest and highest values for each day are still discarded and mean is taken over
the remaining values. The median of the-8&% running means is also computed as

M. = Median[ M;,,....M]. Then the serieX; =R: + M, is used as the pollutant
measurement for county ¢ on day t.
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