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eTable 1. Summary statistics on annual number of death and region specification in 372

cities of 19 countries/regions.

Num Cityname Country/Region Time period Annual deaths Latitude @ WHO region P
1  Brishane Australia 2003-2009 8378.7 Low-latitude =~ WPRO
2 Melbourne Australia 2000-2004 20319.6 High-latitude =~ WPRO
3 Sydney Australia 2000-2009 22787.3 High-latitude = WPRO
4 Abbotsford Canada 1997-2015 2075.9 High-latitude =~ AMRO
5  Calgary Canada 1997-2015 5734.3 High-latitude =~ AMRO
6  Edmonton Canada 1998-2015 6775.4 High-latitude =~ AMRO
7 Halifax Canada 2006-2015 2779.6 High-latitude = AMRO
8  Hamilton Canada 1998-2015 4318.1 High—latitude = AMRO
9  Kingston Canada 2003-2014 1672.1 High-latitude = AMRO
10  Kitchener Canada 1998-2015 3009.6 High-latitude = AMRO
11  London Ontario Canada 2001-2015 3494.8 High-latitude = AMRO
12 Montreal Canada 1997-2015 14502.7 High-latitude = AMRO
13 Oakville Canada 2003-2015 2810.5 High-latitude = AMRO
14 Oshawa Canada 1997-2015 3305.4 High-latitude = AMRO
15 Ottawa Canada 1998-2015 6385.5 High-latitude = AMRO
16  Regina Canada 2001-2013 1981.8 High-latitude = AMRO
17  Sarnia Canada 2000-2015 1230.9 High-latitude = AMRO
18  Sudbury Canada 2004-2015 1596.5 High-latitude =~ AMRO
19  Saint John Nb Canada 1997-2015 1731.6 High-latitude =~ AMRO
20  St. John'S Nfl Canada 1998-2015 2211.9 High—latitude =~ AMRO
21  Sault Ste. Marie Canada 2000-2015 1244.1 High-latitude =~ AMRO
22 Saskatoon Canada 2003-2015 2187.8 High-latitude =~ AMRO
23 Thunder Bay Canada 2001-2015 1374.5 High-latitude =~ AMRO
24 Toronto Canada 1997-2015 28837.4 High—latitude = AMRO
25  Victoria Canada 1998-2015 3283.1 High-latitude =~ AMRO
26 Vancouver Canada 1999-2015 13427.1 High-latitude =~ AMRO
27  Windsor Canada 1999-2015 2932.2 High-latitude = AMRO
28  Winnipeg Canada 1997-2015 6500.7 High-latitude =~ AMRO
29  Beijing China 2013-2015 28725.3 Low-latitude =~ WPRO
30  Guangzhou China 2013-2015 15917.3 Low-latitude ~ WPRO
31  Shanghai China 2013-2015 38262.7 Low-latitude =~ WPRO
32  Santiago Chile 2008-2014 36334.9 High-latitude =~ AMRO
33 Valparaiso Chile 2008-2013 4732.2 Low-latitude =~ AMRO
34  Famagusta Cyprus 2010-2019 253.7 Low-latitude = EURO
35  Nicosia Cyprus 2010-2019 1850.2 Low-latitude = EURO
36  Quito Ecuador 2014-2018 8906.6 Low-latitude = AMRO
37  Helsinki Finland 1994-2014 7300.4 High-latitude = EURO
38  Bordeaux France 2007-2015 4880.9 High-latitude = EURO
39  Clermont—Ferrand France 2007-2015 2271.6 High-latitude = EURO
40 Dijon France 2009-2015 1801.1 High-latitude = EURO
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AMRO
AMRO
AMRO
AMRO
AMRO
AMRO
AMRO
AMRO
AMRO
AMRO
AMRO
AMRO
AMRO
AMRO
AMRO
AMRO
AMRO
AMRO
AMRO
AMRO
AMRO
AMRO
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305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348

Newark
New York
Ocala

Oklahoma City

Oakland
Omaha
Orlando
Ottawa
Philadelphia
Phoenix
Palm Beach
Plymouth
Pensacola
Portland
Provo

Port Arthur
Portage
Portland
Providence
Pittsburgh
Richmond
Rochester
Rockville
Reading
Reno
Raleigh
Riverside
Sacramento
Scranton
San Diego
San Francisco
Salt Lake City
San Jose
San Antonio
Spokane
Springfield
Springfield
Spartanburg
Sarasota
Steubenville
St. Charles
Stockton
South Bend
St. Louis

United States
United States
United States
United States
United States
United States
United States
United States
United States
United States
United States
United States
United States
United States
United States
United States
United States
United States
United States
United States
United States
United States
United States
United States
United States
United States
United States
United States
United States
United States
United States
United States
United States
United States
United States
United States
United States
United States
United States
United States
United States
United States
United States
United States

1999-2006
1999-2006
1999-2006
2004-2006
1999-2006
1999-2006
1999-2006
2000-2006
1999-2006
1999-2006
1999-2006
2000-2006
1999-2006
1999-2006
1999-2006
20002006
1999-2006
1999-2006
1999-2006
1999-2006
1999-2006
1999-2006
1999-2006
1999-2006
1999-2006
1999-2006
1999-2006
1999-2006
1999-2006
1999-2006
1999-2006
1999-2006
1999-2006
1999-2003
1999-2006
2000-2006
1999-2006
1999-2006
1999-2006
1999-2006
1999-2006
1999-2006
1999-2006
1999-2006

9282.3
50784.8
3338.0
4320.7
15111.8
3271.0
8296.0
1185.6
40975.0
21071.3
12048.3
3663.6
2597.4
10123.1
1480.5
2301.1
1028.3
2181.9
11231.9
13948.6
5595.3
5412.8
4191.9
3306.6
2492.8
3033.9
22919.1
8813.8
6791.6
18226.9
10066.6
4605.4
8150.9
7475.8
3329.9
4276.9
2179.9
2297.6
7360.4
1010.9
1653.5
4141.4
2158.1
13965.8

High—latitude
High—latitude
Low-latitude
Low-latitude
Low-latitude
High-latitude
Low-latitude
High—latitude
Low-latitude
Low-latitude
Low-latitude
High-latitude
Low-latitude
High-latitude
Low-latitude
Low-latitude
High-latitude
High-latitude
High-latitude
High-latitude
Low-latitude
High-latitude
Low-latitude
Low-latitude
Low-latitude
Low-latitude
Low-latitude
Low-latitude
High-latitude
Low-latitude
Low-latitude
High-latitude
Low-latitude
Low-latitude
High-latitude
High-latitude
Low-latitude
Low-latitude
Low-latitude
Low-latitude
Low-latitude
Low-latitude
High-latitude
Low-latitude

AMRO
AMRO
AMRO
AMRO
AMRO
AMRO
AMRO
AMRO
AMRO
AMRO
AMRO
AMRO
AMRO
AMRO
AMRO
AMRO
AMRO
AMRO
AMRO
AMRO
AMRO
AMRO
AMRO
AMRO
AMRO
AMRO
AMRO
AMRO
AMRO
AMRO
AMRO
AMRO
AMRO
AMRO
AMRO
AMRO
AMRO
AMRO
AMRO
AMRO
AMRO
AMRO
AMRO
AMRO
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349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372

Stamford United States 1999-2006 6319.9 High-latitude
St. Petersburg United States 1999-2006 7968.8 Low-latitude
State College United States 2000-2006 798.1 High—latitude
Seattle United States 1999-2006 10569.5 High-latitude
Tacoma United States 1999-2006 4900.1 High-latitude
Tampa United States 1999-2006 7968.8 Low-latitude
Tucson United States 1999-2006 6852.9 Low-latitude
Tallahassee United States 1999-2006 1386.9 Low-latitude
Toledo United States 1999-2006 4067.9 High-latitude
Trenton United States 1999-2006 2502.3 Low-latitude
Terre Haute United States 1999-2006 1058.9 Low-latitude
Tulsa United States 2004-2006 3665.7 Low-latitude
Visalia United States 1999-2006 2424.6 Low-latitude
Vancouver United States 1999-2005 2060.9 High-latitude
Ventura United States 1999-2006 4447.8 Low-latitude
Wichita United States 1999-2006 3400.3 Low-latitude
Ogden United States 1999-2006 1253.1 High-latitude
Wilmington United States 1999-2006 3625.5 Low-latitude
Winston—Salem United States 1999-2006 2567.5 Low-latitude
Worcester United States 2000-2006 6315.6 High-latitude
Washington United States 1999-2006 5283.8 Low-latitude
Washington United States 1999-2006 2260.9 Low-latitude
Youngstown United States 1999-2006 3961.4 High-latitude
York United States 1999-2006 3037.0 Low-latitude

AMRO
AMRO
AMRO
AMRO
AMRO
AMRO
AMRO
AMRO
AMRO
AMRO
AMRO
AMRO
AMRO
AMRO
AMRO
AMRO
AMRO
AMRO
AMRO
AMRO
AMRO
AMRO
AMRO
AMRO

Notes: * High—Latitude (n=186), latitude above median (absolute value of 40.3°) across all

cities; Low—Latitude (n=186), latitude below median across all cities.

® Regions were classified by the World Health Organization, including the Western-Pacific
Regional Office (WPRO): Australia, China, Iran, Israel, Japan, Taiwan; the Regional Office for
Europe (EURO): Cyprus, Finland, France, Germany, Norway, Portugal, Romania, Spain,
United Kingdom; and the Regional Office for the Americas (AMRO): Canada, Chile, Ecuador,

United States.
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eTable 2. Effect estimates of PM».s and Os classified by different WHO regions.

Regions * Pollutant  Strata of Co-pollutant ® Estimates P-values ¢
<25% O3 0.10 (-0.08, 0.28)
PMz s 25%—-75% O3 0.61 (0.25,0.97) <0.001
>75% O3 1.34 (0.69, 2.00)
WPRO
<25% PMa1s 0.13 (-0.17, 0.43)
O3 25%—75% PMa s 0.17 (-0.03, 0.36) 0.82
>75% PMys 0.21 (-0.04, 0.47)
<25% O3 0.16 (-0.24, 0.55)
PMz s 25%—-75% O3 0.37 (0.06, 0.67) <0.001
>75% O3 1.46 (1.05, 1.87)
EURO
<25% PM2s 0.06 (-0.19, 0.31)
O3 25%—75% PMa s 0.17 (0.04, 0.30) 0.41
>75% PMas 0.20 (0.06, 0.35)
<25% O3 0.48 (0.18, 0.78)
PMzs 25%—75% O3 1.02 (0.72, 1.32) <0.001
>75% O3 1.35(1.00, 1.71)
AMRO
<25% PM1 5 0.01 (-0.17, 0.18)
Os 25%—75% PM2 5 0.18 (0.07, 0.30) 0.001

>75% PMa 5

0.34 (0.21, 0.47)

Abbreviations: WHO, World Health Organization.

Notes: * Regions were classified by the World Health Organization, including the Western-

Pacific Regional Office (WPRO): Australia, China, Iran, Israel, Japan, Taiwan; the Regional

Office for Europe (EURO): Cyprus, Finland, France, Germany, Norway, Portugal, Romania,

Spain, United Kingdom; and the Regional Office for the Americas (AMRO): Canada, Chile,

Ecuador, United States.

b Strata were built based on the 25% and 75% quartiles of PM, s and O3 concentrations.

¢ P-values for interactions were obtained from likelihood ratio tests. P-values <0.05 indicate

significant between-group differences.
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eTable 3. Synergy index and relative risk of PM.s and O3 with total mortality stratified by region and season.

Region (relative risk and 95%CI) Season (relative risk and 95%CI)
Category High-Latitude Low-Latitude Warm Cold
Low-low Reference Reference Reference Reference
Low-high 1.000 (0.997, 1.004) 1.001 (0.997, 1.005) 0.999 (0.996, 1.002) 0.999 (0.996, 1.002)
High-low 1.008 (1.004, 1.011) 1.006 (1.004, 1.009) 1.011 (1.008, 1.013) 1.005 (1.002, 1.008)
High-high 1.020 (1.016, 1.025) 1.011 (1.007, 1.015) 1.017 (1.013, 1.020) 1.007 (1.004, 1.010)
Synergy index 2.59 (1.59, 6.87) 1.49 (1.01, 5.46) 1.68 (1.28, 3.01) 1.86 (1.09, 4.22)

Notes: Relative risk compares risk for certain strata of low/high levels of air pollutants to days with low levels for both pollutants. Low and high designations
were based on whether levels were above or below the median values of air pollutants across cities. High-Latitude, latitude above median (absolute value 40.3°)
across all cities; Low-Latitude, latitude below median across all cities. Warm season, March to August for northern hemisphere; Cold season, September to
February for northern hemisphere. Low-low, low PM, s and low O3 exposure (Reference); Low-high PM, 5 and high Oz exposure (RRy;); High-low, high PM, 5
and low O; exposure (RR1o); High-high, high PM; s and high O3 exposure (RR;). Synergy index (SI) was calculated as SI=[RR;;1-1]/[(RR1o-1) + (RRgi-1)].
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eTable 4. Percent changes (central estimates and 95% confidence interval) in total mortality associated with a 10 pg/m?increase in PM.s and Oz on

different lag days in analyses stratified by level of co-pollutant.

Estimates (% change, 95%CI)

Pollutants Strata

Lag0 Lag0-1 Lag0-2 Lag0-3
<25% O3 0.13 (-0.02, 0.29) 0.47 (0.26, 0.67) 0.51 (0.30, 0.72) 0.44 (0.23, 0.66)
PM, s 25%—75% O3 0.60 (0.44, 0.75) 0.70 (0.53, 0.87) 0.55(0.37,0.73) 0.40 (0.21, 0.58)
>75% O3 1.15(0.94, 1.36) 1.25(1.02, 1.48) 0.98 (0.74, 1.22) 0.66 (0.41, 0.91)
<25% PM2s -0.01 (-0.11, 0.09) 0.04 (-0.09, 0.16) 0.09 (-0.04, 0.22) 0.13 (-0.01, 0.28)
Os 25%—75% PMa 5 0.19 (0.11, 0.26) 0.19 (0.10, 0.28) 0.21 (0.11, 0.30) 0.20 (0.09, 0.31)
>75% PMa.s 0.26 (0.16, 0.35) 0.29 (0.18, 0.39) 0.32 (0.20, 0.44) 0.35(0.22, 0.49)

Notes: PM, s and O3 concentrations on lag0—1 day were used in the main analysis. Lag0, the present day; Lag0—1, the moving average of the present and the

previous day; Lag0-2, the moving average of the present and the previous two days; Lag0-3, the moving average of the present and the previous three days.
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eTable 5. Percent changes (central estimates and 95% confidence interval) in total mortality associated with a 10 pg/m? increase in PMas and Os in

analyses stratified by level of co-pollutant, using different lag structures of temperature.

Estimates (% change, 95%CI)

Lag0-3

Lag0-7

Lag0-14

Lag0-21

0.47 (0.26, 0.67)
0.70 (0.53, 0.87)
1.25 (1.02, 1.48)

0.39 (0.18, 0.59)
0.75 (0.57, 0.93)
1.69 (1.43, 1.94)

0.33(0.12, 0.53)
0.75 (0.57, 0.93)
1.83 (1.56, 2.09)

0.49 (0.29, 0.68)
0.85 (0.67, 1.03)
1.88 (1.60, 2.16)

Pollutants Strata
Lag0

<25% O3 0.38 (0.19, 0.57)

PM, s 25%—-75% O3 0.30 (0.17, 0.44)
>75% O3 0.73 (0.52, 0.95)
<25% PM:s -0.06 (-0.19, 0.07)

O3 25%—75% PMz 5 0.10 (0.02, 0.18)
>75% PMa s 0.20 (0.10, 0.31)

0.04 (-0.09, 0.16)
0.19 (0.10, 0.28)
0.29 (0.18, 0.39)

0.07 (-0.06, 0.20)
0.28 (0.18, 0.38)
0.36 (0.25, 0.47)

0.10 (-0.03, 0.23)
0.32 (0.22, 0.42)
0.39 (0.28, 0.50)

0.01 (-0.12, 0.14)
0.29 (0.19, 0.39)
0.38 (0.27, 0.49)

Notes: Temperature on lag0—3 day was used in the main analysis. Lag0-3, the moving average of the present and the previous day; Lag0—7, the moving average

of the present and the previous seven days; Lag0—14, the moving average of the present and the previous 14 days; Lag0-21, the moving average of the present

and the previous 21 days.
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North America

Europe East Asia

e

Annual average of PM; 5 (pg/ms)

eFigure 1. Map of the 374 cities in 19 countries/regions included in the analysis, and the

corresponding annual mean PM, s concentrations (ug/m?).
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North America Europe East Asia

Annual average of O3 (ug/m°)

B e ———
41 46 51 54 57 60 63 68

eFigure 2. Map of the 374 cities in 19 countries/regions included in the analysis, and the

corresponding annual mean O3 concentrations (ng/m’).
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(A)

Cityname ountr
Brichane Australia —
Melbaurne Australia. —_—
Sydney Australia —
Abbotstord Canad; —_—
Calgary Canada —_— -
Edmoriton Canada — i
Halifa Canada — 5
Hamitien Canada — 1
Kingstan Canada —_— 3
Kitchener Canada —— 1
Lenden Ontano Canada f—e—o 2
Montreal Canada —-— 1
Oahville Canada -_— 2
shawa Canada -1 Q
awa Canada T a
Regina Canada — = 3
Safhia Canada —_ Q.
Sudbur, Canada —_— e 0
Saint Jéhn Nb Canada = 2
St John'S Nl Ganada —_— T 1
Sault Ste Marie Canada T 3
Thunder Bay Canada —_— -0
Toranta Canada —— 1
Victatia Canada —_— a
Vancouver Canada — 1
Windsor Canada —— 1
Winnipeg Ganpada, - 1
Beijing China Q
Guangzhou China - b
Shanghai China o a
Santidgo Chile - a
Valparaisa Chile e -1
Famaguista Cyprus —1— [4)
Nicosia Cyprus J E— 1
Quito Ecuador _ 1
Helsirki Finland - -0
Eordeaux France —1—
Clerment-Farrand France —_—
Dijon France |
Grenchle France —
Le Havre France —f—
Lille France ——
Lens-Douai France —_—
yon France ™
Wontpelier France ————
Marseille France —
ice France _—
Nancy France —
Nantés France — -C.
Paris France g
Rennes France 3
Rouen France -
Strasbaurg France g
Tollauze France a
Berlin Germany Q
Bremen Germany -0
Dresden Garmany -1
Dartmund Ermany Q
Dusseldort ermany 0
Frankfurt rmany a
Hamburg armary a
Hannaver armany Q
Leipzig Gerrnany [4)
Muenchen Germany Q.
Stuttgart Germany 4]
Tehran Iran Q
Haita lsrael a
JerUnited Stateslem Israel q
ikt apan 1
Aomor apan 1
Chiba apan qa
Flnited Kingdomushima, apan 5
FUnited Kingdomuoka apan -0
FUnited Kingdormui apan 4]
Gifu apan 1
Hiroshima apan 2
agoshima lapan 3
urnamoto apan 2
{anazawa apan 5
obe. apan i
ochi apan 2
ofu Japan -0
oto Japan 1
2t ue apan Q
3ot japan 3
ito apan 3
oriaka apan 1
Uy @m: apan 2
iyazaki Japan )
agano Japan 2
agaya apan 2
aha apan 2.
ara apan -0
agasaki apan 1
iigata apan 1
ita apan 2
OKa%ama apan a
Osaka apan 1
Dtsu apan -1
Saga apan 2
Saitama apan 2
Sendai apan 2
Shizuoka apan 1
Saﬁpcra apan 1
Takamatsu apan a
Tokushima apan 9
Tokya apan 1
Toyama apan 0
Tsu apan Q.
Utsunomiya apan )
Wakayama Japan 1
Yokohama Japan 1
Vamaguehi Japan i)
‘Yamagata Japan 1
Dslo Rlorway 0
Beja Portugal -1
Castelobrance Portugal -1
ara Portugal -C.
Lisboa Portugal )
Brasov Romania -1
Canstanta Romania
Craiova Romania -1
Galati Rornania
Timisoara Romania
Albacete Spain -4
Bilbao Spain 1
Burgos Spain 2
Huesca Spain 5
Madrid Spain Q
Owviedo Spain -1
Palmas G_Canaria Spain i)
Palma Mallcrea Spain 4
San Sebastan Spain 7
Tenerife Spain 2
Toledo Spain 5
Vitoria Spain -5,
Valladolid Spain [s]
Valencia Spain g
Kaphgiung Taiwan Q.
aipe Taiwan g
Taichung Taiwan a.
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eFigure 5. Percentage changes in total mortality associated with a 10 pg/m?® increase in

PM:;s and Os concentrations at the city level.
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eFigure 6. Number of deaths from all causes attributable to PM.s/O3 exposure in each country. Annual death numbers are summed from the country-
specific time-series data. Population attributable risk (PAR%) was calculated based on (RR-1)/RR, where RR is the country-specific relative risk of mortality

associated with exposure to PMz s, O3 and their interaction PM2 5xOs.
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