Short-term effects of ambient particles on cardiovascular and respiratory mortality in 29 European cities within the APHEA2 project.

Online Supplement.
Data

Table A1 shows descriptive data on the study period, the population, the outcome and the pollution levels in each city. The study period is at least 3 years in every city. The city populations range from about 300,000 to about 7 million. The Netherlands is considered as one city, while in reality it is one country, because of its dense population and general urban character. Individual studies of air pollution effects on mortality in the Netherlands have been published for the country as a whole.25 The causes of death considered here are respiratory (ICD-9 460-519) and cardiovascular (ICD-9 390-459). These two causes are considered more specific for air pollution effects but are subject to a degree of misclassification error due to inaccurate diagnosis on death certificates that may vary across the different countries in a multi-city project. Respiratory and cardiovascular causes of death can be confused in death certificates. It has been reported in the U.S. that underreporting of an underlying respiratory condition occurs in up to 40% of death certificates.26 On the other hand, it is plausible and likely that different mechanisms operate for the air pollution effects on the two categories. It has been reported that strongest effects are found for respiratory causes, followed by cardiovascular and that the patterns of the lagged effects differ.20, 27 We chose to keep these two broad cause categories separate to make the outcomes as specific as possible and provide results that may be compared to other published studies that used this distinction. The mean number of cardiovascular deaths per day ranges from 2 to 143 and that of respiratory from 0 to 31.

To characterize particulate matter concentrations two indices were used: black smoke and PM10. Black smoke levels represent concentrations of black particles with an aerodynamic diameter < 4.5μm.28 Black smoke has been used in Europe for a long time and was replaced by PM10 as index for particles in the E.U. legislation in 1999.29 Fifteen cities provided daily measurements for black smoke. Twelve cities provided daily measurements for PM10. For nine more cities PM10 concentrations were estimated based either on total suspended particles (TSP) or black smoke concentrations. Specifically for Basel, Geneva and Zurich a conversion factor of 0.90 from TSP was used based on measurements done within the context of the SAPALDIA study and expert advise, in Milano PM10/TSP was equal to 0.75, in Rome 0.72 and in Torino 0.60 based on corresponding publications.30-32 For Cracow and Athens co-located black smoke and PM10 monitors which ran concurrently for over one year, allowed the conversion of black smoke to PM10 using season specific regression. Similarly, for Budapest PM10 were predicted from TSP using concurrently measuring monitors. There is considerable range in particulate and gaseous pollutants across the cities: PM10 ranges from 14 to 66 μg/m3, black smoke from 9 to 64 μg/m3, sulfur dioxide (SO2) from 4 to 49 μg/m3, ozone from 21 to 70 μg/m3 and nitrogen dioxide (NO2) from 45 to 144 μg/m3.

We used the daily average temperature and relative humidity to control for potential confounding effects of meteorological variables. The mean daily temperature ranged from 5.9 to 20.4oC and the relative humidity from 48.9 to 82.3 % (Table A2). Since substantial heterogeneity in the estimated effect parameters has been previously observed,7-8 information was collected on several variables hypothesized to be potential effect modifiers. These variables characterize the cities and may be classified in 4 categories: air pollution level and mix (i.e. average levels of all pollutants available over the whole study period and the ratio PM/NO2); climatic variables (i.e. mean temperature and humidity over the whole study period); health status of the population (we used the age-adjusted total mortality and lung-cancer mortality rates, the proportion of persons > 65 years of age and smoking prevalence Table A2); geographical area (Central-Eastern which included all cities in the former communist countries; Southern which were those with latitude < 45o and North-Western, Table A2).

Methods

We applied a 2-stage hierarchical modeling approach. In the first stage individual city data were analyzed and the obtained city specific effect estimates were then used in a second stage analysis, to provide overall estimates and investigate heterogeneity.

Individual City Data Analysis

We analyzed the data for each city separately according to a predefined standardized methodology, which resulted in a city-specific model. All data were analyzed in one location (Athens) by four statisticians.

In epidemiological time-series analyses one important confounding variable is time, which may be considered as a proxy for any omitted variables with temporal trends. Smooth functions of time are used to filter out the effects of these unknown variables. The choice of the smooth parameter and hence the degrees of freedom should ensure the elimination of confounding effects but retain the shorter-term fluctuations which may reflect the causal role of the exposure variable. For this reason, we decided a-priori not to use a smoothing span of less than 60 days. We chose the number of degrees of freedom based on the minimization of the partial autocorrelation function. Details for this criterion are given in Touloumi et al.33 

We used three alternative methods to control for seasonal pattern, long-term trends and meteorological variables:

1.
Generalized Additive Models (GAM) Poisson regression, using a non-parametric method described in detail in several books (see for example, Hastie and Tibshirani34). Briefly, at each point X0j of the jth covariate the fitted value fj (X0j) is estimated by a weighted least-squares regression with larger weights for data points closer to X0j. The degree of smoothness is determined by the span, that is, the percentage of the data used around X0j. The LOESS method has been shown to have methodological problems some of which can be addressed.35 However, we report the LOESS results here for comparability with other published studies.

2.
Natural cubic splines, a fully parametric method of the form
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with k the number of knots and u+=u if u>0 and zero otherwise, subject to the constraint of being linear beyond the endpoints. The degree of smoothness is determined by the degrees of freedom, which in turn are determined by the number of knots. It should be noted that specifying the degrees of freedom for natural splines, usually implies that knots are placed to equally spaced quartiles of the independent variable. Ns were fitted in S-plus using the ns function under generalized linear models (GLM).

3.
Penalized splines (ps) which fit the same equation as natural splines but using a penalized likelihood (i.e. imposing a penalty) which effectively reduces the degrees of freedom. The degree of smoothness may be pre-specified or estimated. When ps are used, more than the expected number of knots are chosen and then through the use of the penalized likelihood the effective number is reduced. The penalized splines approach avoids the problem which the natural splines have, namely that every time the number of degrees of freedom changes, each knot is relocated making comparisons of the model fit and of the results of models with different degrees of freedom difficult.36-38 As sensitivity analyses we ran models decreasing and increasing the number of degrees of freedom by 25% in all methods, because it has been shown that this is the most important parameter determining the results.39
After seasonal and long-term trends had been controlled for, meteorological variables (i.e. temperature and humidity) were incorporated in the model. For temperature, we used smooth functions of same day values and a lagged value (either the day before or a 3 day average), according to the outcome modeled. The smoothing method was the same as the one used for seasonal and long-term trend adjustment described above. The smoothing parameters were chosen to minimize the Akaike's information criterion (AIC). Indicator variables were subsequently added to the model for day of the week, holidays and unusual events, if necessary (based on the appropriate likelihood ratio test). Further details of this procedure may be found in Katsouyanni et al2 and Touloumi et al.33 We controlled for influenza epidemics only in models of cardiovascular mortality, using a dummy variable that took the value 1 when the 7-day moving average of the respiratory mortality series was greater than the 90th percentile of its city specific distribution. This method was chosen based on an assessment of its validity and is described in detail in Touloumi et al.40
Finally, if serial autocorrelation remained in the residuals of the final models, autoregressive terms were added.

Second stage analysis

We applied a second-stage analysis to provide a quantitative summary of all individual city results and to explain heterogeneity, if present. To investigate the role of potential effect modifiers, we estimated fixed-effects pooled regression coefficients by weighted ecologic regression of city-specific estimates on potential effect modifiers (at city level) with weights inversely proportional to their city-specific variances. If substantial heterogeneity among city results (beyond the variation associated with the effect modifiers) remained, random-effects regression models were applied. In these latter models, it was assumed that the individual coefficients are a sample of independent observations from the normal distribution with mean equal to the random-effects pooled estimate and variance equal to the between-cities variance. We estimated the between-cites variance from the data, using the maximum likelihood method described by Berkey et al,41 and this variance was added to the city-specific variances.

Results

Further results are displayed in Tables A3 to A17 and Figures A1 to A4

Table A1. Descriptive data on the study period, population, outcome (daily number of deaths) and the levels of pollutants.
	 
	
	
	
	PM10 (24h)

(μg/m3)
	Black Smoke (24h) (μg/m3)
	SO2(24h)

(μg/m3)
	O3(8h)

(μg/m3)
	NO2 (1h)

(μg/m3)

	CITIES
	Study period
	Population X 1000
	No of  deaths / day

Mean

CVD           Respiratory
	Median
	Median
	Median
	Median
	Median

	Athens
	1/92-12/96
	3,073
	36
	5
	*40
	64
	46
	65
	121

	Barcelona
	1/91-12/96
	1,644
	16
	4
	60
	39
	12
	55
	86

	Basel
	1/90-12/95
	360
	4
	1
	*28
	
	9
	51
	63

	Bilbao
	4/92-3/96
	667
	5
	1
	
	23
	23
	
	77

	Birmingham
	1/92-12/96
	2,300
	28
	9
	21
	11
	19
	46
	71

	Budapest
	1/92-12/95
	1,931
	40
	3
	*40
	
	39
	72
	125

	Cracow
	1/90-12/96
	746
	10
	0
	*54
	36
	49
	
	48

	Dublin
	1/90-12/96
	482
	6
	2
	
	10
	21
	
	

	Geneva
	1/90-12/95
	317
	2
	0
	*33
	
	9
	49
	74

	Helsinki
	1/93-12/96
	828
	9
	2
	23
	
	6
	51
	60

	Ljubljana
	1/92-12/96
	322
	3
	0
	
	13
	27
	33
	76

	Lodz
	1/90-12/96
	828
	17
	1
	
	30
	19
	
	64

	London
	1/92-12/96
	6,905
	71
	29
	25
	11
	22
	32
	89

	Lyon
	1/93-12/97
	416
	3
	1
	39
	
	23
	39
	103

	Madrid
	1/92-12/95
	3,012
	22
	6
	33
	
	26
	38
	115

	Marseille
	1/90-12/95
	855
	8
	2
	
	34
	23
	
	117

	Milano
	1/90-12/96
	1,343
	11
	2
	*47
	
	20
	25
	142

	Netherlands
	1/90-12/95
	15,000
	143
	31
	33
	9
	8
	56
	

	Paris
	1/91-12/96
	6,700
	38
	9
	22
	21
	15
	27
	80

	Poznan
	1/90-12/96
	582
	9
	1
	
	23
	23
	
	77

	Prague
	2/92-12/96
	1,213
	22
	1
	66
	
	36
	64
	58

	Rome
	1/92-12/96
	2,775
	23
	3
	*57
	
	11
	21
	144

	Stockholm
	1/90-12/96
	1,126
	15
	3
	14
	
	4
	58
	47

	Tel-Aviv
	1/91-12/96
	1,141
	12
	2
	43
	
	19
	-
	114

	Teplice
	1/90-12/97
	625
	10
	1
	42
	
	46
	42
	57

	Torino
	1/90-12/96
	926
	9
	1
	*65
	
	23
	70
	123

	Valencia
	1/94-12/96
	753
	6
	2
	
	40
	25
	45
	114

	Wroclaw
	1/90-12/96
	643
	9
	1
	
	33
	21
	
	45

	Zurich
	1/90-12/95
	540
	6
	1
	*28
	
	10
	50
	67


*
PM10 were estimated using a regression model relating collocated PM10 measurements to the black smoke or total suspended particles (TSP)

Table A2. Descriptive data on selected potential confounders and/or effect modifiers.
	CITIES
	Mean daily

tempe​rature

(oC) 
	Mean daily relative

humidity (%) 
	All causes mortality rate*
	Lung cancer mortality

rate†
	Population aged >65yrs

(%)
	Smoking Prevalence 

(%)
	Geographical

Area‡

	Athens
	17.8
	61.7
	784
	45
	13
	39
	S

	Barcelona
	16.4
	74.8
	740
	48
	17
	31
	S

	Basel
	10.7
	75.6
	678
	38
	17
	37
	NW

	Bilbao
	14.6
	74.6
	711
	46
	14
	29
	S

	Birmingham
	9.6
	78.2
	895
	45
	15
	29
	NW

	Budapest
	12.8
	70.1
	1136
	67
	18
	55
	CE

	Cracow
	8.4 8.3
8.3
	79.0
	1009
	59
	12
	30
	CE

	Dublin
	9.8
	82.3
	940
	68
	13
	30
	NW

	Geneva
	10.9
	73.2
	608
	35
	14
	38
	NW

	Helsinki
	5.9
	78.2
	915
	44
	11
	34
	NW

	Ljubljana
	10.9
	74.1
	823
	60
	13
	38
	CE

	Lodz
	8.4
	79.0
	1231
	61
	15
	39
	CE

	London
	11.8
	69.3
	851
	50
	14
	34
	NW

	Lyon
	12.4
	72.3
	579
	43
	16
	41
	NW

	Madrid
	14.5
	61.8
	636
	38
	15
	38
	S

	Marseille
	15.5
	48.9
	666
	72
	17
	40
	S

	Milano
	13.7
	68.8
	632
	41
	21
	26
	NW

	Netherlands
	10.2
	82.6
	757
	52
	13
	36
	NW

	Paris
	12.0
	75.9
	644
	42
	9
	30
	NW

	Poznan
	8.7
	77.7
	1106
	54
	12
	35
	CE

	Prague
	10.0
	70.3
	984
	55
	16
	30
	CE

	Rome
	16.8
	61.6
	585
	47
	15
	35
	S

	Stockholm
	7.4
	70.9
	666
	31
	17
	22
	NW

	Tel-Aviv
	20.4
	66.0
	430
	28
	14
	28
	S

	Teplice
	9.0
	74.2
	1173
	92
	11
	38
	CE

	Torino
	14.3
	65.6
	724
	49
	18
	29
	NW

	Valencia
	18.6
	63.2
	820
	46
	14
	43
	S

	Wroclaw
	9.0
	77.3
	970
	61
	12
	36
	CE

	Zurich
	9.6
	77.3
	666
	33
	15
	33
	NW


*
Directly age-standardized annual all causes mortality rate per 100,000. The European population is used as standard

†
Directly age-standardized annual lung cancer mortality rate per 100,000. The European population is used as standard
‡ 
S: Southern cities;  CE: Central-eastern cities;  NW: North-western cities

Table A3. Pooled estimates for the increase in the daily number of cardiovascular deaths associated with an increase of 10 μg/m3 in PM10 (average of lags 0 and 1), estimated with penalized splines, loess and natural splines, using the number of degrees of freedom (df) chosen* according to the criteria and also decreased and increased by 25%.

	
	Penalized splines
	LOESS
	Natural splines

	
	Degrees of freedom
	Degrees of freedom
	Degrees of freedom

	
	-25%
	Chosen 
	+25%
	-25%
	Chosen 
	+25%
	-25%
	Chosen 
	+25%

	Model
	% increase

(95% CI)
	% increase

(95% CI)
	% increase

(95% CI)
	% increase

(95% CI)
	% increase

(95% CI)
	% increase

(95% CI)
	% increase

(95% CI)
	% increase

(95% CI)
	% increase

(95% CI)

	Fixed effects
	0.72†
(0.56, 0.88)
	0.64†
(0.47, 0.80)
	0.55†
(0.39, 0.72)
	0.69†
(0.55, 0.83)
	0.66†
(0.52, 0.80)
	0.63†
(0.49, 0.76)
	0.51†
(0.35, 0.68)
	0.42†
(0.26, 0.59)
	0.32†
(0.15, 0.49)

	Random effects
	0.83

(0.53, 1.14)
	0.76

(0.47, 1.05)
	0.67

(0.39, 0.95)
	0.81

(0.52, 1.11)
	0.78

(0.49, 1.07)
	0.75

(0.46, 1.03)
	0.62

(0.34, 0.90)
	0.53

(0.25, 0.81)
	0.41

(0.15, 0.67)


*
The number of df is chosen according to the criterion of minimization of the partial autocorrelation function of the residuals for lags 3-30
†
Significant heterogeneity

Table A4. Pooled estimates for the increase in the daily number of cardiovascular deaths associated with an increase of 10 μg/m3 in black smoke (average of lags 0 and 1), estimated with penalized splines, loess and natural splines, using the number of degrees of freedom (df) chosen* and also decreased and increased by 25%.

	
	Penalized splines
	LOESS
	Natural splines

	
	Degrees of freedom
	Degrees of freedom
	Degrees of freedom

	
	-25%
	Chosen 
	+25%
	-25%
	Chosen 
	+25%
	-25%
	Chosen 
	+25%

	Model
	% increase

(95% CI)
	% increase

(95% CI)
	% increase

(95% CI)
	% increase

(95% CI)
	% increase

(95% CI)
	% increase

(95% CI)
	% increase

(95% CI)
	% increase

(95% CI)
	% increase

(95% CI)

	Fixed effects
	0.62†
(0.44, 0.81)
	0.57†
(0.38, 0.75)
	0.48
(0.29, 0.67)
	0.70†
(0.53, 0.88)
	0.67†
(0.49, 0.84)
	0.62†
(0.44, 0.79)
	0.42†
(0.23, 0.61)
	0.40

(0.21, 0.59)
	0.39

(0.20, 0.58)

	Random effects
	0.69
(0.39, 0.99)
	0.62
(0.35, 0.90)
	0.53
(0.27, 0.78)
	0.79
(0.47, 1.10)
	0.74
(0.45, 1.03)
	0.69
(0.41, 0.97)
	0.50

(0.18, 0.83)
	0.43

(0.19, 0.66)
	0.43

(0.19, 0.66)


*
The number of df is chosen according to the criterion of minimization of the partial autocorrelation function (PACF) of the residuals for lags 3-30
† 
Significant heterogeneity

Table A5. Pooled estimates for the increase in the daily number of cardiovascular deaths associated with an increase of 10 μg/m3 in PM10 (average of lags 0 and 1), estimated with penalized splines, loess and natural splines, using the chosen* number of degrees of freedom (df) adjusting alternatively for the other pollutants.

	
	Penalized splines
	LOESS
	Natural splines

	
	Fixed effects
	Random effects 
	Fixed effects
	Random effects 
	Fixed effects
	Random effects 

	Other pollutant
	% increase

(95% CI)
	% increase

(95% CI)
	% increase

(95% CI)
	% increase

(95% CI)
	% increase

(95% CI)
	% increase

(95% CI)

	None †
	0.64

(0.47, 0.80)
	0.76

(0.47, 1.05)
	0.66

(0.52, 0.80)
	0.78

(0.49, 1.07)
	0.42

(0.26, 0.59)
	0.53

(0.25, 0.81)

	SO2-24h †
	0.47

(0.27, 0.68)
	0.55

(0.27, 0.83)
	0.49

(0.31, 0.68)
	0.58

(0.26, 0.90)
	0.34

(0.14, 0.54)
	0.42

(0.12, 0.72)

	NO2-1h †
	0.22

(0.02, 0.41)
	0.32

(0.05, 0.59)
	0.24

(0.07, 0.41)
	0.39

(0.11, 0.67)
	0.06

(-0.14, 0.27)
	0.14

(-0.13, 0.41)

	O3-8h ‡
	0.62

(0.44, 0.79)
	0.74

(0.43, 1.05)
	0.63

(0.49, 0.78)
	0.75

(0.44, 1.06)
	0.38

(0.21, 0.56)
	0.48

(0.19, 0.78)


*
The number of df is chosen according to the criterion of minimization of the partial autocorrelation function of the residuals for lags 3-30

†
21 cities contributing

‡
19 cities contributing

Table A6. Pooled estimates for the increase in the daily number of cardiovascular deaths associated with an increase of 10 μg/m3 in black smoke (average of lags 0 and 1), estimated with penalized splines, loess and natural splines, using the chosen* number of degrees of freedom (df) adjusting alternatively for the other pollutants.

	
	Penalized splines
	LOESS
	Natural splines

	
	Fixed effects
	Random effects 
	Fixed effects
	Random effects 
	Fixed effects
	Random effects 

	Other pollutant
	% increase

(95% CI)
	% increase

(95% CI)
	% increase

(95% CI)
	% increase

(95% CI)
	% increase

(95% CI)
	% increase

(95% CI)

	None †
	0.57

(0.38, 0.75)
	0.62

(0.35, 0.90)
	0.67

(0.49, 0.84)
	0.74
(0.45, 1.03)
	0.40

(0.21, 0.59)
	0.43

(0.19, 0.66)

	SO2-24h †
	0.42

(0.18, 0.66)
	0.53

(0.13, 0.93)
	0.38
(0.18, 0.58)
	0.57
(0.15, 1.00)
	0.40

(0.16, 0.63)
	0.45

(0.11, 0.78)

	NO2-1h ‡
	0.18

(-0.04, 0.41)
	0.17

(-0.10, 0.45)
	0.31
(0.10, 0.51)
	0.30
(0.06, 0.54)
	0.03

(-0.19, 0.26)
	0.03

(-0.19, 0.26)

	O3-8h §
	0.79

(0.55, 1.03)
	0.84

(0.53, 1.16)
	0.90
(0.67, 1.13)
	0.94
(0.65, 1.24)
	0.55

(0.31, 0.80)
	0.57

(0.30, 0.84)


*
The number of df is chosen according to the criterion of minimization of the partial autocorrelation function of the residuals for lags 3-30

†
15 cities contributing

‡
14 cities contributing

§
8 cities contributing

Table A7. Pooled estimates for the increase in the daily number of respiratory deaths associated with an increase of 10 μg/m3 in PM10 (average of lags 0 and 1), estimated with penalized splines, loess and natural splines, using the number of degrees of freedom (df) chosen* and also decreased and increased by 25%.

	
	Penalized splines
	LOESS
	Natural splines

	
	Degrees of freedom
	Degrees of freedom
	Degrees of freedom

	
	-25%
	Chosen 
	+25%
	-25%
	Chosen 
	+25%
	-25%
	Chosen 
	+25%

	Model
	% increase

(95% CI)
	% increase

(95% CI)
	% increase

(95% CI)
	% increase

(95% CI)
	% increase

(95% CI)
	% increase

(95% CI)
	% increase

(95% CI)
	% increase

(95% CI)
	% increase

(95% CI)

	Fixed effects
	0.79

(0.42, 1.16)
	0.58

(0.21, 0.95)
	0.49

(0.11, 0.86)
	0.90†
(0.57, 1.23)
	0.76†
(0.44, 1.08)
	0.69†
(0.37, 1.00)
	0.49

(0.11, 0.87)
	0.38

(-0.01, 0.77)
	0.30

(-0.09, 0.69)

	Random effects
	0.92

(0.40, 1.43)
	0.71

(0.22, 1.20)
	0.56

(0.11, 1.01)
	0.99

(0.50, 1.48)
	0.89

(0.41, 1.37)
	0.81

(0.35, 1.28)
	0.58

(0.08, 1.09)
	0.38

(-0.01, 0.77)
	0.30

(-0.09, 0.69)


*
The number of df is chosen according to the criterion of minimization of the partial autocorrelation function of the residuals for lags 3-30
†
Significant heterogeneity

Table A8. Pooled estimates for the increase in the daily number of respiratory deaths associated with an increase of 10 μg/m3 in black smoke (average of lags 0 and 1), estimated with penalized splines, loess and natural splines, using the number of degrees of freedom (df) chosen* and also decreased and increased by 25%.

	
	Penalized splines
	LOESS
	Natural splines

	
	Degrees of freedom
	Degrees of freedom
	Degrees of freedom

	
	-25%
	Chosen 
	+25%
	-25%
	Chosen 
	+25%
	-25%
	Chosen 
	+25%

	Model
	% increase

(95% CI)
	% increase

(95% CI)
	% increase

(95% CI)
	% increase

(95% CI)
	% increase

(95% CI)
	% increase

(95% CI)
	% increase

(95% CI)
	% increase

(95% CI)
	% increase

(95% CI)

	Fixed effects
	0.60†
(0.13, 1.07)
	0.50†
(0.03, 0.97)
	0.48

(0.003, 0.95)
	0.89†
(0.48,1.31)
	0.77†
(0.36,1.18)
	0.69†
(0.29,1.10)
	0.58†
(0.10, 1.06)
	0.50

(0.02, 0.98)
	0.37

(-0.12, 0.86)

	Random effects
	0.93

(0.19, 1.68)
	0.84

(0.11, 1.57)
	0.76

(0.08, 1.45)
	1.15

(0.43, 1.88)
	1.06

(0.36, 1.75)
	0.99

(0.32, 1.66)
	0.95

(0.19, 1.72)
	0.64

(0.06, 1.22)
	0.58

(-0.06, 1.22)


*
The number of df is chosen according to the criterion of minimization of the partial autocorrelation function of the residuals for lags 3-30
†
Significant heterogeneity

Table A9. Pooled estimates for the increase in the daily number of respiratory deaths associated with an increase of 10 μg/m3 in PM10 (average of lags 0 and 1), estimated with penalized splines, loess and natural splines, using the chosen* number of degrees of freedom (df) adjusting alternatively for the other pollutants.

	
	Penalized splines
	LOESS
	Natural splines

	
	Fixed effects
	Random effects 
	Fixed effects
	Random effects 
	Fixed effects
	Random effects 

	Other pollutant
	% increase

(95% CI)
	% increase

(95% CI)
	% increase

(95% CI)
	% increase

(95% CI)
	% increase

(95% CI)
	% increase

(95% CI)

	None †
	0.58

(0.21, 0.95)
	0.71

(0.22, 1.20)
	0.76

(0.44, 1.08)
	0.89

(0.41, 1.37)
	0.38

(-0.01, 0.77)
	0.38

(-0.01, 0.77)

	SO2-24h †
	0.21

(-0.18, 0.60)
	0.22

(-0.23, 0.68)
	0.23

(-0.19, 0.65)
	0.28

(-0.25, 0.81)
	0.01

(-0.47, 0.49)
	-0.02

(-0.56, 0.53)

	NO2-1h †
	0.19

(-0.20, 0.58)
	0.20

(-0.29, 0.69)
	0.31

(-0.09, 0.71)
	0.37

(-0.17, 0.92)
	-0.03

(-0.50, 0.45)
	-0.09

(-0.66, 0.49)

	O3-8h ‡
	0.56

(0.22, 0.90)
	0.67

(0.22, 1.12)
	0.79

(0.46, 1.13)
	0.91

(0.41, 1.41)
	0.42

(0.02, 0.82)
	0.42

(0.02, 0.82)


*
The number of df is chosen according to the criterion of minimization of the partial autocorrelation function of the residuals for lags 3-30

†
21 cities contributing

‡
19 cities contributing

Table A10. Pooled estimates for the increase in the daily number of respiratory deaths associated with an increase of 10 μg/m3 in black smoke (average of lags 0 and 1), estimated with penalized splines, loess and natural splines, using the chosen* number of degrees of freedom (df) adjusting alternatively for the other pollutants.

	
	Penalized splines
	LOESS
	Natural splines

	
	Fixed effects
	Random effects 
	Fixed effects
	Random effects 
	Fixed effects
	Random effects 

	Other pollutant
	% increase

(95% CI)
	% increase

(95% CI)
	% increase

(95% CI)
	% increase

(95% CI)
	% increase

(95% CI)
	% increase

(95% CI)

	None †
	0.50

(0.03, 0.97)
	0.84

(0.11, 1.57)
	0.77

(0.36, 1.18)
	1.06

(0.36, 1.75)
	0.50

(0.02, 0.98)
	0.64

(0.06, 1.22)

	SO2-24h †
	0.22

(-0.38,0.82)
	0.37

 (-0.47, 1.23)
	0.30

(-0.22, 0.83)
	0.47

(-0.36, 1.31)
	0.22

(-0.32, 0.77)
	0.30

(-0.38, 0.98)

	NO2-1h ‡
	0.33

(-0.28, 0.94)
	0.57

 (-0.34, 1.48)
	0.43

(-0.07, 0.93)
	0.73

(-0.15, 1.61)
	0.53

(-0.06, 1.13)
	0.64

(-0.14, 1.43)

	O3-8h §
	0.31

(-0.23, 0.85)
	0.51

(-0.31, 1.34)
	0.71

(0.25, 1.18)
	0.91

(0.05, 1.78)
	0.33

(-0.22, 0.89)
	0.33

(-0.22, 0.89)


*
The number of df is chosen according to the criterion of minimization of the partial autocorrelation function of the residuals for lags 3-30

†
15 cities contributing

‡
14 cities contributing

§
8 cities contributing

Table A11. Percentage increase in the daily number of cardiovascular deaths and its 95% confidence interval associated with an increase of 10μg/m3 in PM10 concentrations (average of lags 0 and 1), in each city, estimated using penalized splines and cumulative percentage increase based on a distributed lag model (third order polynomial) over 6 days (lags 0 to 5), LOESS and natural splines. The number of degrees of freedom in each city specific model was chosen based on the minimization of the partial autocorrelation function of the residuals.

	
	Penalized splines
	LOESS
	Natural splines

	
	Lags 0-1
	Distributed lag
	Lags 0-1
	Lags 0-1

	City
	% increase

(95% CI)
	% increase

(95% CI)
	% increase

(95% CI)
	% increase

(95% CI)

	Athens
	1.68 (0.78, 2.59)
	1.44 (0.24, 2.65)
	1.76 (0.99, 2.54)
	0.83 (-0.09, 1.76)

	Barcelona
	0.55 (-0.08, 1.19)
	0.49 (-0.35, 1.34)
	0.64 (0.07, 1.22)
	-0.15 (-0.83, 0.54)

	Basel
	1.39 (0.12, 2.68)
	2.19 (0.60, 3.80)
	1.17 (-0.08, 2.43)
	1.34 (0.06, 2.64)

	Birmingham
	0.21 (-0.58, 1.01)
	-0.26 (-1.34, 0.84)
	0.15 (-0.59, 0.89)
	0.47 (-0.32, 1.27)

	Budapest
	0.63 (-0.78, 2.05)
	0.37 (-1.30, 2.07)
	0.69 (-0.53, 1.92)
	-0.60 (-2.07, 0.90)

	Cracow
	0.32 (-0.69, 1.33)
	0.86 (-0.36, 2.10)
	0.29 (-0.62, 1.22)
	0.50 (-0.55, 1.55)

	Geneva
	-1.07 (-2.54, 0.42)
	-0.73 (-2.50, 1.07)
	-1.09 (-2.44, 0.28)
	-1.15 (-2.63, 0.34)

	Helsinki
	-0.77 (-2.06, 0.54)
	-0.31 (-2.08, 1.48)
	-0.73 (-1.98, 0.55)
	-0.91 (-2.19, 0.4)

	London
	0.91 (0.36, 1.47)
	1.04 (0.30, 1.78)
	0.86 (0.36, 1.36)
	0.69 (0.13, 1.26)

	Lyon
	1.80 (-0.07, 3.70)
	1.78 (-0.77, 4.38)
	1.98 (0.17, 3.82)
	1.72 (-0.15, 3.62)

	Madrid
	1.23 (0.38, 2.09)
	0.91 (-0.16, 1.99)
	1.31 (0.56, 2.07)
	1.14 (0.28, 2.01)

	Milano
	1.17 (0.46, 1.88)
	1.28 (0.38, 2.18)
	1.49 (0.91, 2.08)
	0.90 (0.18, 1.64)

	Netherlands
	0.17 (-0.14, 0.49)
	0.18 (-0.22, 0.58)
	0.25 (0.00, 0.51)
	0.04 (-0.29, 0.36)

	Paris
	0.81 (-0.11, 1.75)
	0.68 (-0.49, 1.85)
	0.38 (-0.13, 0.89)
	0.60 (-0.32, 1.53)

	Prague
	0.10 (-0.40, 0.60)
	0.28 (-0.29, 0.85)
	0.14 (-0.32, 0.61)
	-0.01 (-0.51, 0.50)

	Rome
	1.75 (0.80, 2.70)
	2.23 (0.98, 3.48)
	1.92 (1.10, 2.73)
	1.78 (0.83, 2.75)

	Stocholm
	-0.87 (-3.46, 1.80)
	-0.48 (-3.97, 3.15)
	-0.68 (-3.07, 1.78)
	-0.96 (-3.69, 1.84)

	TelAviv
	1.71 (0.88, 2.54)
	1.86 (0.94, 2.79)
	1.56 (0.76, 2.36)
	1.32 (0.43, 2.21)

	Tepliche
	0.60 (-0.35, 1.56)
	1.40 (0.16, 2.65)
	0.53 (-0.36, 1.42)
	0.55 (-0.41, 1.52)

	Torino
	1.13 (0.55, 1.71)
	1.41 (0.73, 2.10)
	1.25 (0.72, 1.77)
	0.75 (0.09, 1.41)

	Zurich
	1.15 (0.03, 2.29)
	1.67 (0.27, 3.10)
	1.20 (0.09, 2.31)
	1.09 (-0.05, 2.23)

	Pooled est.

Fixed effects 
	0.64 (0.47, 0.80)
	0.75 (0.54, 0.95)
	0.66 (0.52, 0.80)
	0.42 (0.26, 0.59)

	Pooled est.

Random effects
	0.76 (0.47, 1.05)
	0.90 (0.57, 1.23)
	0.78 (0.49, 1.07)
	0.53 (0.25, 0.81)


Table A12. Percentage increase in the daily number of cardiovascular deaths and its 95% confidence interval associated with an increase of 10μg/m3 in black smoke concentrations (average of lags 0 and 1), in each city, estimated using penalized splines and cumulative percentage increase based on a distributed lag model (third order polynomial) over 6 days (lags 0 to 5), LOESS and natural splines. The number of degrees of freedom in each city specific model was chosen based on the minimization of the partial autocorrelation function of the residuals.

	
	Penalized splines
	LOESS
	Natural splines

	
	Lags 0-1
	Distributed lag
	Lags 0-1
	Lags 0-1

	City
	% increase

(95% CI)
	% increase

(95% CI)
	% increase

(95% CI)
	% increase

(95% CI)

	Athens
	0.69 (0.34, 1.05)
	0.58 (0.13, 1.03)
	0.78 (0.47, 1.10)
	0.48 (0.12, 0.85)

	Barcelona
	1.38 (0.40, 2.37)
	2.57 (1.23, 3.94)
	1.45 (0.60, 2.30)
	1.04 (0.03, 2.05)

	Bilbao
	2.04 (-0.56, 4.71)
	2.82 (-0.64, 6.40)
	2.02 (-0.45, 4.55)
	0.73 (-1.91, 3.44)

	Birmingham
	0.39 (-1.00, 1.81)
	0.40 (-1.46, 2.30)
	0.41(-0.95, 1.79)
	0.84 (-0.57, 2.27)

	Cracow
	-0.07 (-0.67, 0.55)
	0.13 (-0.57, 0.83)
	-0.10 (-0.66, 0.47)
	-0.21 (-0.84, 0.42)

	Dublin
	1.71 (0.26, 3.17)
	1.75 (-0.13, 3.66)
	1.71 (0.32, 3.13)
	1.33 (-0.11, 2.79)

	Ljubliana
	1.04 (-0.82, 2.94)
	2.57 (0.15, 5.04)
	1.01 (-0.78, 2.83)
	0.76 (-1.12, 2.68)

	Lodz
	-0.23 (-0.83, 0.39)
	0.32 (-0.41, 1.06)
	-0.18 (-0.71, 0.36)
	-0.30 (-0.92, 0.32)

	London
	1.57 (0.65, 2.50)
	1.57 (0.28, 2.87)
	1.79 (0.95, 2.65)
	1.28 (0.35, 2.22)

	Marseille
	0.95 (-0.40, 2.33)
	-0.11 (-1.85, 1.66)
	0.88 (-0.31, 2.08)
	0.76 (-0.63, 2.17)

	Netherlands
	0.26 (-0.26, 0.78)
	0.59 (-0.09, 1.27)
	0.58 (0.18, 0.98)
	0.07 (-0.46, 0.60)

	Paris
	0.63 (0.06, 1.21)
	1.00 0.22, 1.78)
	0.68 (0.18, 1.18)
	0.55 (-0.03, 1.14)

	Poznan
	0.77 (0.08, 1.47)
	0.85 (0.02, 1.68)
	0.81 (0.18, 1.45)
	0.67 (-0.03, 1.37)

	Valencia
	1.24 (-0.43, 2.93)
	1.45 (-0.66, 3.60)
	1.33 (-0.19, 2.88)
	0.71 (-0.98, 2.44)

	Wroclaw
	0.55 (-0.11, 1.21)
	0.86 (0.09, 1.63)
	0.49 (-0.10, 1.08)
	0.48 (-0.18, 1.15)

	Pooled est.

Fixed effects
	0.57 (0.38, 0.75)
	0.73 (0.49, 0.96)
	0.67 (0.49, 0.84)
	0.4 (0.21, 0.59)

	Pooled est.

Random effects
	0.62 (0.35, 0.90)
	0.80 (0.49, 1.11)
	0.74 (0.45, 1.03)
	0.43 (0.19, 0.66)


Table A13. Percentage increase in the daily number of respiratory deaths and its 95% confidence interval associated with an increase of 10μg/m3 in PM10 concentrations (average of lags 0 and 1), in each city, estimated using penalized splines and cumulative percentage increase based on a distributed lag model (third order polynomial) over 6 days (lags 0 to 5), LOESS and natural splines. The number of degrees of freedom in each city specific model was chosen based on the minimization of the partial autocorrelation function of the residuals.

	
	Penalized splines
	LOESS
	Natural splines

	
	Lags 0-1
	Distributed lag
	Lags 0-1
	Lags 0-1

	City
	% increase

(95% CI)
	% increase

(95% CI)
	% increase

(95% CI)
	% increase

(95% CI)

	Athens
	1.02 (-1.36, 3.46)
	-0.66 (-3.78, 2.56)
	1.30 (-0.77, 3.40)
	0.62 (-1.89, 3.18)

	Barcelona
	1.18 (-0.29, 2.66)
	1.89 (-0.03, 3.86)
	1.26 (0.04, 2.49)
	-0.36 (-1.91, 1.22)

	Basel
	-0.84 (-3.89, 2.30)
	1.89 (-0.03, 3.86)
	-0.80 (-3.58, 2.06)
	-2.41 (-5.52, 0.79)

	Birmingham
	0.03 (-1.49, 1.56)
	-0.43 (-2.61, 1.81)
	-0.16 (-1.53, 1.23)
	0.44 (-1.13, 2.03)

	Budapest
	3.78 (-0.95, 8.73)
	5.76 (0.14, 11.71)
	2.85 (-1.49, 7.38)
	1.31 (-3.57, 6.45)

	Cracow
	5.43 (1.06, 9.98)
	6.87 (1.55, 12.46)
	5.97 (1.78, 10.33)
	5.20 (0.80, 9.79)

	Geneva
	4.43 (1.24, 7.73)
	7.44 (3.34, 11.70)
	4.65 (1.57, 7.82)
	4.05 (0.83, 7.37)

	Helsinki
	0.47 (-2.75, 3.80)
	2.12 (-2.73, 7.20)
	0.78 (-2.26, 3.92)
	0.26 (-2.99, 3.61)

	London
	0.22 (-0.64, 1.08)
	0.39 (-0.78, 1.58)
	0.69 (-0.07, 1.45)
	0.24 (-0.65, 1.13)

	Lyon
	1.28 (-2.33, 5.02)
	0.94 (-3.71, 5.82)
	1.16 (-2.22, 4.66)
	0.42 (-3.20, 4.17)

	Madrid
	0.59 (-1.00, 2.22)
	-0.12 (-2.12, 1.93)
	0.72 (-0.71, 2.17)
	0.38 (-1.29, 2.09)

	Milano
	0.78 (-0.87, 2.45)
	1.36 (-0.76, 3.53)
	1.29 (-0.13, 2.72)
	0.65 (-0.08, 1.38)

	Netherlands
	0.31 (-0.39, 1.01)
	1.21 (0.31, 2.11)
	0.54 (-0.02, 1.11)
	-0.66 (-2.33, 1.04)

	Paris
	-1.20 (-3.03, 0.66)
	-0.84 (-3.14, 1.53)
	-1.26 (-2.83, 0.33)
	-0.57 (-2.47, 1.37)

	Prague
	0.44 (-1.42, 2.33)
	0.88 (-1.20, 3.00)
	0.31 (-1.45, 2.10)
	0.54 (-1.31, 2.43)

	Rome
	0.85 (-1.56, 3.33)
	0.89 (-2.17, 4.04)
	1.41 (-0.72, 3.59)
	0.87 (-1.59, 3.40)

	Stocholm
	8.20 (1.87, 14.92)
	13.89 (5.27, 23.23)
	7.64 (1.59, 14.06)
	4.38 (-2.36, 11.59)

	TelAviv
	-0.02 (-2.35, 2.38)
	-0.63 (-3.19, 2.01)
	0.09 (-2.08, 2.30)
	-1.25 (-3.70, 1.25)

	Tepliche
	0.54 (-2.96, 4.16)
	-1.00 (-5.48, 3.70)
	0.74 (-2.47, 4.07)
	0.05 (-3.60, 3.83)

	Torino
	1.62 (0.06, 3.21)
	1.41 (-0.41, 3.26)
	1.82 (0.44, 3.21)
	0.96 (-0.81, 2.76)

	Zurich
	1.57 (-1.23, 4.44)
	3.49 (0.01, 7.09)
	1.38 (-1.15, 3.97)
	0.56 (-2.23, 3.44)

	Pooled est.

Fixed effects 
	0.58 (0.21, 0.95)
	1.07 (0.60, 1.54)
	0.76 (0.44, 1.08)
	0.38 (-0.01, 0.77)

	Pooled est.

Random effects
	0.71 (0.22, 1.20)
	1.24 (0.49, 1.99)
	0.89 (0.41, 1.37)
	0.38 (-0.01, 0.77)


Table A14. Percentage increase in the daily number of respiratory deaths and its 95% confidence interval associated with an increase of 10μg/m3 in black smoke concentrations (average of lags 0 and 1), in each city, estimated using penalized splines and cumulative percentage increase based on a distributed lag model (third order polynomial) over 6 days (lags 0 to 5), LOESS and natural splines. The number of degrees of freedom in each city specific model was chosen based on the PACF.

	
	Penalized splines
	LOESS
	Natural splines

	
	Lags 0-1
	Distributed lag
	Lags 0-1
	Lags 0-1

	City
	% increase

(95% CI)
	% increase

(95% CI)
	% increase

(95% CI)
	% increase

(95% CI)

	Athens
	0.06 (-0.88, 1.02)
	-0.49 (-1.67, 0.71)
	0.23 (-0.62, 1.08)
	-0.14 (-1.12, 0.86)

	Barcelona
	3.81 ( 1.80, 5.87)
	4.28 ( 1.49, 7.15)
	3.80 ( 2.04, 5.59)
	2.57 (0.55, 4.64)

	Bilbao
	2.81 (-2.65, 8.58)
	5.87 (-1.58, 13.89)
	3.33 (-1.76, 8.67)
	1.18 (-4.28, 6.94)

	Birmingham
	0.69 (-1.85, 3.30)
	-0.01 (-3.46, 3.57)
	0.55 (-1.84, 3.01)
	1.16 (-1.48, 3.87)

	Cracow
	3.63 ( 0.98, 6.35)
	4.22 ( 1.21, 7.32)
	3.45 ( 0.89, 6.08)
	2.84 (0.04, 5.71)

	Dublin
	2.68 (-0.21, 5.67)
	5.29 ( 1.44, 9.29)
	2.81 (0.005, 5.70)
	2.39 (-0.65, 5.54)

	Ljubliana
	1.27 (-3.31, 6.05)
	3.75 (-2.21, 10.08)
	1.27 (-3.07, 5.80)
	1.17 (-3.50, 6.07)

	Lodz
	0.83 (-1.42, 3.14)
	1.91 (-0.83, 4.72)
	0.97 (-1.00, 2.98)
	0.89 (-1.42, 3.25)

	London
	-0.34 (-1.75, 1.08)
	-0.02 (-2.05, 2.05)
	0.26 (-1.03, 1.56)
	-0.15 (-1.59, 1.30)

	Marseille
	2.23 (-0.55, 5.09)
	4.51 ( 0.82, 8.34)
	1.96 (-0.51, 4.50)
	3.14 (0.38, 5.98)

	Netherlands
	0.29 (-0.90, 1.49)
	1.49 (-0.10, 3.10)
	1.22 ( 0.35, 2.10)
	0.67 (-0.51, 1.87)

	Paris
	-0.59 (-1.73, 0.56)
	-0.63 (-2.15, 0.91)
	-0.65 (-1.67, 0.37)
	-0.42 (-1.59, 0.76)

	Poznan
	-0.08 (-2.78, 2.69)
	1.20 (-1.96, 4.46)
	0.28 (-2.23, 2.87)
	0.11 (-2.64, 2.94)

	Valencia
	0.94 (-2.53, 4.54)
	0.95 (-3.49, 5.58)
	0.73 (-2.30, 3.86)
	1.19 (-2.34, 4.86)

	Wroclaw
	-0.11 (-2.77, 2.62)
	0.99 (-2.08, 4.15)
	0.07 (-2.39, 2.60)
	-0.25 (-2.93, 2.51)

	Pooled est.

Fixed effects
	0.50 (0.03, 0.97)
	0.93 (0.32, 1.55)
	0.77 (0.36, 1.18)
	0.50 (0.02, 0.98)

	Pooled est.

Random effects
	0.84 (0.11, 1.57)
	1.61 (0.56, 2.66)
	1.06 (0.36, 1.75)
	0.64 (0.06, 1.22)


Table A15. Results of second stage regression models, investigating the role of potential modifiers* of the estimated effects† of PM10 on cardiovascular deaths.

	
	Penalized splines
	LOESS
	Natural splines

	
	Estimated increase at the
	Estimated increase at the
	Estimated increase at the

	
	25th
percentile ‡
	75th
percentile ‡
	25th
percentile ‡
	75th
percentile ‡
	25th
percentile ‡
	75th
percentile ‡

	Effect modifier in the model §
	% increase

(95% CI)
	% increase

(95% CI)
	% increase

(95% CI)
	% increase

(95% CI)
	% increase

(95% CI)
	% increase

(95% CI)

	Annual Temperature
	0.24

(0.03, 0.46)
	0.97

(0.77, 1.17)
	0.25

(0.07, 0.43)
	1.02

(0.84, 1.19)
	0.16

(-0.06, 0.37)
	0.69

(0.47, 0.91)

	Annual Humidity
	1.12

(0.88, 1.36)
	0.50

(0.34, 0.67)
	1.18

(0.97, 1.39)
	0.55

(0.41, 0.70)
	0.82

(0.57, 1.07)
	0.23

(0.04, 0.42)

	Proportion of Elderly
	0.66

(0.32, 1.01)
	0.83

(0.51, 1.16)
	0.52

(0.37, 0.68)
	0.83

(0.66, 0.99)
	||
	||

	Age standardized mortality rate
	1.02

(0.68, 1.35)
	0.53

(0.21, 0.84)
	0.91

(0.72, 1.11)
	0.42

(0.24, 0.61)
	0.68

(0.44, 0.91)
	0.19

(-0.03, 0.42)

	Mean N02

24-hours
	0.20

(-0.03, 0.44)
	0.94

(0.74, 1.14)
	0.17

(-0.03, 0.37)
	1.01

(0.84, 1.19)
	0.12

(-0.12, 0.36)
	0.72

(0.48, 0.96)

	West-East

West-South
	0.54

(0.34, 0.75)

0.54

(0.34, 0.75)
	0.25

(-0.19, 0.69)

1.25

(0.83, 1.67)
	0.56

(0.39, 0.73)

0.56

(0.39, 0.73)
	0.28

(-0.12, 0.67)

1.32

(0.64, 2.00)
	0.38

(0.17, 0.59)

0.38

(0.17, 0.59)
	0.12

(-0.28, 0.52)

0.84

(0.46, 1.22)


*
These are variables characterizing each city. Only effect modifiers reducing the heterogeneity by >10% are presented

†
Effect estimates used from first stage models, are based on the chosen number of degrees of freedom

‡
Increase in CVD number of deaths associated with an increase of 10μg/m3 in the daily PM10 concentration, estimated using fixed effects model, for a city with levels of the corresponding effect modifier equal to the 25th and the 75th percentiles of its distribution
§
The effect modifiers were included alternatively in the model

||
Explained less than 10% of existing heterogeneity
Table A16. Results of second stage regression models, investigating the role of potential modifiers* of the estimated effects† of black smoke on cardiovascular deaths.

	
	LOESS
	Penalized splines

	
	Estimated increase at the 
	Estimated increase at the

	
	25th
percentile ‡
	75th
percentile ‡
	25th
percentile ‡
	75th
percentile ‡

	Effect modifier in the model §
	% increase

(95% CI)
	% increase

(95% CI)
	% increase

(95% CI)
	% increase

(95% CI)

	Annual temperature
	0.43
(0.21, 0.65)
	0.84
(0.63, 1.04)
	0.36
(0.11, 0.61)
	0.75
(0.51, 0.98)

	Annual humidity
	0.72
(0.54, 0.90)
	0.53
(0.33, 0.72)
	0.64
(0.44, 0.85)
	0.43
(0.20, 0.66)

	Age standardized mortality rate
	0.82

(0.62, 1.02)
	0.48

(0.29, 0.67)
	0.73
(0.50, 0.97)
	0.44
(0.22, 0.65)

	Mean N02

24-hours
	0.46
(0.27, 0.66)
	0.83
(0.62, 1.04)
	0.39
(0.16, 0.61)
	0.74
(0.50, 0.98)

	West-East

West-South
	0.79
(0.51, 1.07)

0.79
(0.51, 1.07)
	0.23
(-0.06, 0.51)

0.90
(0.62, 1.18)
	0.65
(0.31, 0.99)

0.65
(0.31, 0.99)
	0.24
(-0.08, 0.56)

0.82
(0.50, 1.14)


*
These are variables characterizing each city. Only effect modifiers reducing the heterogeneity by >10% are presented

†
Effect estimates used from first stage models, are based on the chosen number of degrees of freedom

‡
Increase in CVD number of deaths associated with an increase of 10μg/m3 in the daily black smoke concentration, estimated using fixed effects model, for a city with levels of the corresponding effect modifier equal to the 25th and the 75th percentiles of its distribution

§
The effect modifiers were included alternatively in the model

Table A17.  Results of second stage regression models, investigating the role of potential modifiers* of the estimated effects† of black smoke on respiratory deaths.

	
	LOESS
	Penalized splines

	
	Estimated increase at the 
	Estimated increase at the

	
	25th
percentile ‡
	75th
percentile ‡
	25th
percentile ‡
	75th
percentile ‡

	Effect modifier in the model §
	% increase

(95% CI)
	% increase

(95% CI)
	% increase

(95% CI)
	% increase

(95% CI)

	Standardized lung cancer mortality
	0.42

(-0.06, 0.89)
	1.71

(0.95, 2.47)
	0.17

(-0.37, 0.71)
	1.39

(0.54, 2.24)

	Proportion of elderly
	0.44

(-0.01, 0.88)
	1.57

(0.99, 2.16)
	0.19

(-0.31, 0.71)
	1.24

(0.57, 1.91)


*
These are variables characterizing each city. Only effect modifiers reducing the heterogeneity by >10% are presented

†
Effect estimates used from first stage models, are based on the chosen number of degrees of freedom

‡
Increase in the respiratory number of deaths associated with an increase of 10μg/m3 in the daily black smoke concentration, estimated using fixed effects model, for a city with levels of the corresponding effect modifier equal to the 25th and the 75th percentiles of its distribution
§
The effect modifiers were included alternatively in the model

Figure legends

Figure A1. Percentage increase in the daily number of cardiovascular deaths and its 95% Confidence Interval (CI) associated with an increase of 10μg/m3 in the levels of PM10 (average of lags 0 and 1) in each city, estimated using penalized splines. The size of the point representing each increase is inversely proportional to its variance. 

Figure A2. Percentage increase in the daily number of cardiovascular deaths and its 95% Confidence Interval (CI) associated with an increase of 10μg/m3 in the levels of black smoke (average of lags 0 and 1) in each city, estimated using penalized. The size of the point representing each increase is inversely proportional to its variance.

Figure A3. Percentage increase in the daily number of respiratory deaths and its 95% Confidence Interval (CI) associated with an increase of 10μg/m3 in the levels of PM10 (average of lags 0 and 1) in each city, estimated using penalized splines. The size of the point representing each increase is inversely proportional to its variance. 

Figure A4. Percentage increase in the daily number of respiratory deaths and its 95% Confidence Interval (CI) associated with an increase of 10μg/m3 in the levels of black smoke (average of lags 0 and 1) in each city, estimated using penalized splines. The size of the point representing each increase is inversely proportional to its variance. 
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