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Figure S1. Single lag percent change” in number of deaths associated with air pollutant levels
of lags 0-30 days®. *Associated with a 10 pg/m’ increase in PM10 and NO, and with a 1 ppm
increase in CO. °Results from a Poisson generalized additive distributed lag model,
constrained with a second degree polynomial, using single-day lag structures of lags 0-30
days for PM10, NO, and CO, adjusted by trend, seasonality, temperature, relative humidity,
weekdays and holidays. The shadow area represents 95% CI.
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Table S1. Spearman correlations of PM10, CO and NO, concentrations’ among

monitoring sites.

Sites Cerqueira César Ibirapuera Parque Dom Pedro II
PM10

Cerqueira César 1.00

Ibirapuera 0.90 1.00

Parque Dom Pedro II 0.90 0.90 1.00
CcO

Cerqueira César 1.00

Ibirapuera 0.82 1.00

Parque Dom Pedro II 0.84 0.80 1.00
NO;

Cerqueira César 1.00 -

Ibirapuera 0.80 1.00 -

24-hour average for PM10 and NO,, 8-hour maximum for CO.

Table S2. Percent of missing data of PM10, CO, NO; and O3 among monitoring sites, before

and after imputation methods.

Percent of missing data

Sites

Original data After linear regressions  After mtsdi method

PM10

Cerqueira César 10.6 0.43 0

Ibirapuera 5.5 1.12 0

Parque Dom Pedro 11 18.1 0.43 0
CcO

Cerqueira César 3.2 0.23 0

Ibirapuera 6.3 0.23 0

Parque Dom Pedro 11 19.1 0.34 0
NO;

Cerqueira César 23.8 1.60 0

Ibirapuera 16.2 5.23 0




Table S3. Details of models adjustment for trend, seasonality, temperature and relative humidity.

Variables
) Temperature — Relative humidity —
Deaths Trend and seasonality Mean temperature  Mean relative humidity
. df/year
Spline (df after model fit) Lag df Lag df
PM10: 6 (71.4)
Non-accidental penalized NO;: 6 (71.4) 3 3 3 2
CO: 6 (71.7)
. PM10: 6 (70.8)
1
Circulatory pe;a;;:ﬁ;réd NO: 6 (72) 5 3 3 3
P CO: 6 (72)
Cerebrovascular unpenalized 4 (48) 5 3 3 3
Respiratory unpenalized 5(61) 3 3 3 2
Chronic respiratory  unpenalized 5(61) 3 3 3 2
Cancer unpenalized 4 (48) 5 2 3 2

Table S4. Cumulative percent change (95% confidence interval)® in number of deaths
associated with PMI10 levels for different cumulative lag structures”. Temporal trend
sensitivity analysis.

Percent Change (95% CI)

Deaths (df/year) Tag 0t 10 Lag 0 t0 20 Tag 0 t0 30
Non-accidental (4) 0.91 (054, 128) 0.18 (:0.33,0.69) 0,59 (-1.25, 0.07)
Circulatory (5) 0.65 (0.06,1.24) -0.25(-1.07,0.57)  -1.09 (-2.15, -0.02)
Cerebrovascular (5) 230(1.08,3.54) 099 (:0.71,2.72)  0.59 (-1.63,2.87)
Respiratory (6) 324(224,426)  2.97(153,443) 276 (0.83,4.72)
Chronic Respiratory (6)  3.07 (137, 4.80)  1.84(-0.59,4.32) 238 (-0.88, 5.74)
Cancer (5) 1.62(0.75,2.50)  1.72(0.50,2.96)  2.20 (0.58, 3.84)

“Associated with a 10 pg/m’ increase in PM10. °Results from a Poisson generalized additive
distributed lag model, constrained with a second degree polynomial, using cumulative lag
structures of lags 0-10, 0-20 and 0-30 days for PM10, NO; and CO, adjusted by trend,
seasonality, temperature, relative humidity, weekdays and holidays.



Table S5. Cumulative percent change (95% confidence interval)® in number of deaths (all
ages) associated with PM10 levels for different cumulative lag structures’.

Percent Change (95% CI)

Deaths Lag 0 to 10 Lag 0 to 20 Lag 0 to 30
Non-accidental 1.07(0.75,1.39)  0.27(-0.18, 0.72) 0.09 (-0.50, 0.69)
Circulatory 0.08 (-0.45,0.61)  -1.12(-1.86,-0.38)  -1.47 (-2.43, 0.50)
Cerebrovascular 1.75(0.72,2.79)  0.50 (-0.92, 1.93) 0.12 (-1.70, 1.98)
Respiratory 3.07(2.21,3.94)  3.07(1.85,4.31) 2.97 (1.35, 4.62)
Chronic Respiratory ~ 2.87 (1.36,4.41)  1.97 (-0.15, 4.14) 2.34 (-0.49, 5.25)
Cancer 1.48 (0.78,2.18) 133 (0.37,2.30) 1.90 (0.65, 3.16)

“Associated with a 10 pg/m’ increase in PM10. °Results from a Poisson generalized additive
distributed lag model, constrained with a second degree polynomial, using cumulative lag
structures of lags 0-10, 0-20 and 0-30 days for PM10, NO; and CO, adjusted by trend,
seasonality, temperature, relative humidity, weekdays and holidays.

Table S6. Cumulative percent change (95% confidence interval)® in number of deaths
associated with PM10 levels for different cumulative lag structures, adjusted by mean
temperature until lag 10°.

Percent Change (95% CI)

Deaths Tag 0t 10 Lag 0 0 20 Tag 0 t0 30
Non-accidental 128 (081,1.75) 1.07(042,1.73) 049 (-034,135)
Circulatory 1.04(0.31,1.78)  0.50 (-0.53,1.53)  -0.45 (-1.75, 0.87)
Cerebrovascular 138(0.03,2.75) 033 (-1.50,2.19)  -0.23 (-2.53,2.12)
Respiratory 199 (0.86,3.12)  2.05(049,3.63)  1.70 (-0.28, 3.73)
Chronic Respiratory 173 (-0.17,3.66) 0.7 (-1.83,3.44) 122 (-2.12, 4.68)
Cancer 1.01(0.13,1.89)  137(0.21,2.61)  1.69(0.22, 3.20)

“Associated with a 10 pg/m’ increase in PM10. *Results from a Poisson generalized additive
distributed lag model, constrained with a second degree polynomial, using cumulative lag
structures of lags 0-10, 0-20 and 0-30 days for PM10, NO; and CO, adjusted by trend,
seasonality, temperature (cumulative lag structures of lags 0-10 days with exposure-
response and lag-response curves according to Gasparrini et al. (2015)), relative humidity,
weekdays and holidays.



Table S7. Comparison of single lag" percent change (95% confidence interval)® in

number of total, circulatory, respiratory and cancer deaths® among studies.

Deaths

Percent change (95% CI)

PMI10

NO2

CO

Non-accidental
Sao Paulo (this study)
ESCALA
(Romieu et al. 2012)
Sdo Paulo
Rio de Janeiro
Meta-analysis
(Anderson et al. 2007)
APHEA (Aga et al. 2003;
Samoli et al. 2006, 2007)
APHENA
(Katsouyanni et al. 2009)
Canada
USA
Europe
PAPA (Wong et al. 2008)
Meta-analysis
(Mills et al. 2015)

Circulatory
Sao Paulo (this study)
ESCALA
(Romieu et al. 2012)
Sdo Paulo
Rio de Janeiro
Meta-analysis
(Anderson et al. 2007)
APHEA (Samoli et al.
2006, 2007; Zanobetti et
al. 2003)
APHENA
(Katsouyanni et al. 2009)
Canada
USA
Europe
PAPA (Wong et al. 2008)
Meta-analysis
(Mills et al. 2015)

0.54 (0.36,0.72)

0.49 (0.30, 0.70)
0.57 (0.20, 0.90)

0.47 (0.35, 0.58)

0.74 (0.52, 0.95)

1.10 (0.64, 1.60)
0.62 (0.39, 0.86)
0.45 (0.29, 0.61)
0.55 (0.26, 0.85)

NA

0.40 (0.07, 0.73)

0.46 (0.00, 1.00)
1.09 (0.40, 2.00)

0.50 (0.31, 0.69)

0.69 (0.31, 1.08)

1.80 (0.75, 2.80)
1.01 (0.60, 1.42)
0.74 (0.45, 1.03)
0.58 (0.22, 0.93)

NA

0.58 (0.38, 0.79)

NA
NA

0.86 (0.50, 1.22)

0.30 (0.22, 0.38)

NA

NA

NA
1.23(0.84,1.62)

0.71 (0.43, 1.00)

0.42 (0.11,0.74)

NA
NA

0.34 (0.19, 0.48)

0.40 (0.29, 0.52)

NA
NA
NA
1.36 (0.89,1.82)

0.88 (0.63, 1.13)

1.07 (0.68, 1.47)

NA
NA

1.56 (-0.37, 3.52)

1.20 (0.63, 1.77)

NA
NA
NA
NA

NA

0.84 (0.23, 1.45)

NA
NA

1.11 (0.48, 1.74)

0.81 (0.36; 1.26)

NA
NA
NA
NA

NA



Table S7 (continued)

Respiratory
Sdo Paulo (this study) 0.98 (0.41, 1.56) 0.67 (0.10, 1.24)  2.54(1.47,3.63)
ESCALA
(Romieu et al. 2012)
Sdo Paulo 0.80 (0.10, 1.60) NA NA
Rio de Janeiro 1.50 (0.00, 2.70) NA NA

Meta-analysis - (Anderson 33 75 1 91)  045(021,0.69)  2.65 (1.27.4.05)

et al. 2007)
APHEA (Samoli et al.
2006, 2007; Zanobetti et 0.74 (-0.17,1.66)  0.38 (0.17, 0.58) NA
al. 2003)
APHENA
(Katsouyanni et al. 2009)
Canada -0.36 (-2.00, 1.30) NA NA
USA 1.34 (0.73, 1.96) NA NA
Europe 0.62 (0.28, 0.96) NA NA
PAPA (Wong et al. 2008)  0.62 (0.22, 1.02) 1.48 (0.68, 2.28) NA
Meta-analysis
(Mills et al. 2015) NA 1.09 (0.75, 1.42) NA
Cerebrovascular
Sao Paulo (this study) 1.44 (0.74, 2.15) 1.32(0.63,2.02) 2.39(1.08,3.71)
ESCALA
(Romieu et al. 2012)
Sdo Paulo 0.56 (-0.30, 1.40) NA NA
Rio de Janeiro 1.43 (0.10, 2.80) NA NA

Meta-analysis
(Anderson et al. 2007)
Meta-analysis

(Mills et al. 2015)
Meta-analysis

(Shah et al. 2015)

0.55(0.15,0.95)  0.94(0.34,1.55)  3.90(1.72,6.13)
NA 1.35 (0.74, 1.97) NA

0.30 (0.20, 0.40)  1.60 (0.70, 2.30)  5.40 (0.10, 10.80)

Chronic Respiratory

Sao Paulo (this study) 0.56 (-0.29, 1.41)  1.21(0.34,2.08)  2.19(0.41,4.01)
ESCALA
(Romieu et al. 2012)

Sao Paulo 0.52 (-0.50, 1.50) NA NA

Rio de Janeiro 0.47 (-1.70, 2.50) NA NA

Meta-analysis
(Anderson et al. 2007)
Meta-analysis

(Mills et al. 2015)
Meta-analysis

(Shah et al. 2015)

0.53(-0.22,1.28)  1.92(1.07,2.78)  5.36(2.64,8.16)
NA 1.11 (0.72, 1.50) NA

2.00 (1.00, 3.00) NA NA



Table S7 (continued)

Cancer

Sao Paulo (this study) 0.71 (0.27, 1.15) 0.93 (0.48, 1.38) 0.16 (-0.83, 1.16)
Vancouver

(Villeneuve et al. 2003) 2.30 (-4.60,9.60)  3.50 (-2.30,9.70) -1.60 (-5.60, 2.40)
Montreal

(Goldberg et al. 2013) NA 1.92 (0.14,3.74)  0.79 (-0.83, 2.43)

ESCALA: Estudio de Salud y Contaminacion del Aire en Latinoamérica. APHEA: Air
Pollution and Health: a European Approach. APHENA: Air Pollution and Health: A
European and North American Approach. PAPA: Public Health and Air Pollution in Asia.
NA: not available.

“Lag 0, 1, 2 or mean of lags 0 and 1. "Associated with an interquatile range in Villeneuve
et al. (2003) and and with a 10 pg/m’ increase in PM10 and NO, and with a 1 ppm
increase in CO for other studies. “Elderly deaths whenever possible.



Table S8. Comparison of cumulative percent change (95% confidence interval) by shorter lag

structures in number of total, circulatory and respiratory deaths by 10 pg/m’ increase in

particulate air pollution among studies.

Age Air . Percent change
Deaths group  pollutant Period (CD
Non-accidental
Sao Paulo” (this study) Elderly  PM10 Lag0Oto3 0.85 (0.62, 1.08)
Sao Paulo (Romieu et al. 2012)" All ages PMI10 Lag 0to3 0.79 (0.64, 0.94)
Sao Paulo® (this study) Elderly  PM10 Lag0Oto5 1.08 (0.79, 1.37)
S0 Paulo (O’Neill et al. 2008)" Elderly  PMI10 Lag0Oto5 1.17 (0.50, 1.85)
10 USA cities (Schwartz 2000)* Elderly PM2.5 Lag0Oto5 1.41 (1.16, 1.67)
12 European cities
(Samoli et al. 2013)* All ages PMI10 Lag0Oto5 0.28 (-0.14, 0.71)
Circulatory deaths
Sao Paulo” (this study) Elderly  PM10 Lag0Oto3 0.50 (0.14, 0.85)
S0 Paulo (Romieu et al. 2012)" Elderly  PMI10 Lag 0to3 0.81 (0.50, 1.12)
Sao Paulo® (this study) Elderly  PM10 Lag0Oto 5 0.64 (0.19, 1.09)
12 European cities
(Samoli et al. 2013)* Allages PMI10 Lag0Oto5 0.54 (0.09, 0.99)
Sao Paulo® (this study) Elderly  PM10 Lag0to 6 0.68 (0.19, 1.17)
10 USA cities (Braga et al. 2001)°  Allages PM10  7-day effect  1.00 (0.60, 1.40)
Respiratory deaths
S0 Paulo” (this study) Elderly  PMI10 Lag0to3 2.41(1.84,2.99)
Sao Paulo (Romieu et al. 2012)" Elderly  PM10 Lag 0to3 1.52 (1.00, 2.03)
Sao Paulo® (this study) Elderly  PM10 Lag0Oto5 3.02 (2.30, 3.75)
12 European cities
(Samoli et al. 2013)" All ages PMI10 Lag0Oto5 1.12 (0.29, 1.95)
Chronic respiratory deaths
S0 Paulo” (this study) Elderly  PM10 Lag 0to3 2.26 (1.3,3.24)
S0 Paulo (Romieu et al. 2012)* Elderly  PM10 Lag0to3 1.81 (0.97, 2.65)
S0 Paulo” (this study) Elderly  PM10 Lag0Oto 6 2.96 (1.64,4.29)
10 USA cities (Braga et al. 2001)°  Allages PMI10  7-day effect  1.70 (0.10, 3.30)

SE: standard error.

“Distributed lag model constrained with polynomial structure. "Unconstrained distributed lag

model.
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Figure S1. Single lag percent change” in number of deaths associated with air pollutant levels
of lags 0-30 days".

“Associated with a 10 pg/m’ increase in PM10 and NO, and with a 1 ppm increase in CO.
PResults from a Poisson generalized additive distributed lag model, constrained with a second
degree polynomial, using single-day lag structures of lags 0-30 days for PM10, NO, and CO,
adjusted by trend, seasonality, temperature, relative humidity, weekdays and holidays. The

shadow area represents 95% CI.
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