Concentrations - response functions for traffic-related air pollution
1. Introduction

Within the case studies of INTARESE WP 3.1 Transport (Rome, London, Helsinki, The Hague and Barcelona) we have to decide which concentration response functions (CRFs) will be used. In principal these estimates can also be used in other case studies within the INTARESE WP’s. 

In the Transport case studies the first stressor we will assess is traffic-related air pollution. The effects of air pollution will be estimated for the following health endpoints:
· Mortality excluding accidents and violent deaths 
· Cardiovascular (circulatory) hospital admissions 
· Respiratory hospital admissions
While other health endpoints like the occurrences of respiratory symptoms, prevalence of asthma etc. are potentially relevant for HIA as well, the health endpoints described above were chosen for the following reasons: 1) strength of the evidence, 2) consistent definition between countries and places, at least for all cause and cause specific mortality, this partly holds for respiratory and cardiovascular hospital admission as well, although definitions can vary with national cultures and among health care systems, 3) availability of baseline occurrences rates, 4) importance of the health endpoint in terms of health impact. 
2. Our approach ~ Time series vs. cohort studies estimates

Since the 1990s more than 100 studies on the effect of short-term exposure to air pollution have been published. Most of them are ‘times-series’ studies, analyzing the association between daily variations in the ambient concentrations of the pollutants measured by the air quality monitoring networks and daily changes in health status of the population indicated by the counts of death or admissions to hospital [1]. For respiratory and cardiovascular hospital admission estimates, time series results will be used. For mortality estimates, there is a consensus that HIA should not rely on the results of time-series studies but rather should be based on long-term follow-up of cohort studies, because an assessment of the impact of public health of air pollution based on time-series studies would be incomplete and underestimate the number of early deaths that are associated with air pollution exposure 
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[2, 3]
. Also it is not usual to add time series mortality effects to those from cohort studies. A reason for that is that cohort studies include both short term and long-term mortality effects. 
According to WHO guidelines [4] CRFs may be reported as a slope of a regression line with the health response as the dependent variable and the stressor as the independent variable. Alternatively a CRF may be reported as a relative risk (RR) of a certain health response for a given change in exposure.

2. Our approach ~ Which air pollutants and combinations?

Air pollutant components for which concentrations-response functions will be collected from the scientific literature include PM10, NO2, and UFP. In the beginning we have agreed to assess also CO effects. However, due to time constraints we have decided not to make a summary estimate for CO at this point in time. We include those air pollutants for the following reasons: a) policy measures can affect air pollutants differently; b) monitor data is often available for those pollutants and c) CRFs exists in the scientific literature. 
Normally, HIA is often focused on one air pollutant representing the complex mixture of air pollution. This is because most air pollutants are strongly correlated and adding the effects of these pollutants leads to double counting, which should be prevented [5, 6]. See chapter 8 for an approach how to deal with this combination of effects. 

2. Our approach ~ Shape of the concentration - response functions

The issue about the existence of thresholds and the shape of the CRF has been addressed by several investigators in the past decade. In the two multi-center (time-series) studies, using data from many different cities like the National Mortality and Morbidity Air Pollution Studies (NMMAPS) in the US and the Air Pollution and Health: a European Approach (APHEA) studies in Europe, no threshold has been found in studies of acute effects of PM10 and mortality 
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[7, 8]
. Also the long-term cohort studies, like the ACS study of Pope et al. [9] found no evidence for a threshold for PM2.5 and mortality, within the range of observed PM2.5 concentrations of about 8-30 µg/m3. 
In the Transport case studies we suggest assuming a linear relation between the air pollutants and associated adverse health effects as most epidemiological studies on large populations have been unable to identify a threshold concentration below which ambient air pollutants has no effect on morbidity and mortality. 

2. Our approach ~ Summary estimates

In table 1 summary estimates are given of the selected traffic-related air pollutants and the different health outcomes. Those summary estimates were based on standard meta-analysis techniques, where the effect estimates of individual studies are weighted by the inverse of their variance. The larger the study, the smaller the variance of the effect estimate, and the greater the weight the study receives in meta-analysis. For the formulas see the guidance document of WP 1.3, where they recommended to use the formulas of DerSimonian et al. [10].

The combined estimates are expressed for a 10 µg/m3 increase of PM10 and NO2. UFP estimates are expressed for an increase in 10,000 particles/cm3. For example if one has calculated a modelled decrease in NO2 of 5 µg/m3, then the mean estimate will be 1.03 and the 95% confidence intervals 1.02 and 1.04, following the formula RR=eiB, whereas i=increment and B=beta coefficient. See chapter 8 for the application of these summary estimates. 
Our approach was based on the guidance of the WP 1.3 exposure-health effects of INTARESE [11]. To derive CRFs for the different air pollutants and selected health effects, we have chosen to use a less time consuming approach than a systematic review. We make use of already published meta-analyses and systematic reviews for an overview of papers, and we have verified that we at least have included the most recent and important large multi-city studies. We have consulted experts in this field to make decent decisions about the selection of individual studies to be included for meta-analysis. For the pollutant UFP we have used an official expert panel to derive CRFs. See the review below for an explanation how we derive the estimates to be used in the transport case studies. 
We are aware that this approach has inherent uncertainties associated with it. In the transport case studies we will consider some important sources of uncertainty at least by filling in the checklist provided by the INTARESE WP 1.3 to characterise and rate possible sources of uncertainty within the epidemiological (observational) studies which have been selected for meta-analysis.
Table 1 Summary estimates of the different selected traffic-related air pollutants and the different health outcomes.  
	
	Mortality

(ICD 9 <800)  

(ICD 10 A00-R99)
	Respiratory hospital admissions
 (ICD 9 460-519)

(ICD 10 J00-J99)
	Cardiovascular hospital admissions
(ICD 9 390-459)
(ICD 10 I00-I99)

	PM10
	1.06 (1.03-1.09) 5
	1.009 (1.007-1.010) 11
	1.006 (1.005-1.008) 9

	NO2
	1.06 (1.04-1.08) 4
	1.009 (1.005-1.012) 11
	1.004 (1.001-1.006) 6

	UFP
	1.03 (1.01-1.09) 11 experts
	1.016 (1.000-1.050) 9 experts
	1.020 (1.005-1.040) 10 experts


ICD: International Classification of Diseases and Related Health Problems. Numbers in bold indicate number of estimates available. The combined estimates are expressed for a 10 µg/m3 increase of PM10 and NO2. UFP estimates are expressed for an increase in 10,000 particles/cm3. Experts were asked to give a distribution of the CRF. Summary estimate is the median of the median response of experts. Uncertainty range is based on the median of the 5th and 95th percentile of the experts’ responses reflecting overall uncertainty. For an explanation how we derive those estimates, see chapter 3/ 7. 
3. PM10 and respiratory and cardiovascular hospital admissions
In 2004 the WHO has published a quantitative meta-analysis of peer reviewed studies to obtain summary estimates for certain health effects linked to the short term exposure of  particulate matter (PM10, PM2.5, black smoke (BS) and coarse fraction (CF)) and ozone (O3) [12]. A huge amount of data was available of the short-term effects of air pollution including 286 time-series studies of mortality and respiratory and cardiovascular hospital admissions. They make different CRFs for specific age groups; 0-14, 15-64 and >=65. For respiratory hospital admission in the age groups 0-14 and 15-64, they have identified only 3 studies 
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[13-15]
. They have decided that they will perform meta-analysis and reach a summary estimate only when 4 or more individual estimates are available. Therefore only for the age group 65+, a summary CRF was provided. Those summary estimate was based on 8 estimates which have linked PM10 to respiratory hospital admission; 6 estimates from the APHEA-2 project from the following European cities: Barcelona, Birmingham and West Midlands, London, Netherlands, Paris and Stockholm 
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[16]
. The other two estimates for the meta-analysis originated from a study in Edinburgh [17] and in Rome [15]. These 8 estimates have resulted in a summary estimate of 1.007 (1.002-1.013). 

The APHEIS-3 programme included an analysis of all-age respiratory hospital admission with the express purpose of determining a CRF that could be used in HIA. They have used original data from 9 cities. They have followed the same approach as the APHEA-2 project. They have calculated a summary concentrations response function of 1.0114 (1.0062-1.0167) for PM10 and respiratory hospital admission and applied this to all ages. (ICD9 code 460-519 or ICD10 J00-J99) [18]. 
For cardiovascular hospital admission and 65+, the WHO meta-analysis selected only two studies 
 ADDIN EN.CITE 
[13, 17]
, and were therefore unable to calculate a summary relative risk. APHEIS-3 [19] have used the concentration response function of 1.006 (1.003-1.009) for cardiac hospital admission (ICD9 390-429 or ICD10 I00-I52)) instead of cardiovascular hospital admission, based on APHEA-2 results from eight cities in western and northern Europe 
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[20]
. This CRF was applied to all ages. 
In the WHO meta-analysis they have chosen to calculate summary relative risks for European studies only. They have decided that they will perform meta-analysis only when 4 or more individual estimates are available. Also their literature search for studies was up to February 2003, which is already quite a long time ago. 

For the current meta-analysis on PM10 and respiratory and cardiovascular hospital admission, we have decided to take the WHO meta-analysis as a starting point, together with the comprehensive WHO air quality guidelines [21], and the review document on PM from the US EPA [22]. We have added to these reviews recent estimates from the large multi-cities studies. 
The following approach for the meta-analysis was used, partly in line with the WHO meta-analysis:
· No studies which investigated PM10 and doctor visits were included; 

· We have excluded non-English articles because of practical reasons;
· In agreement with the estimates from long-term studies it was decided to not concentrate on European studies only, but to include Northern-American studies as well;
· The meta-analysis will focus on single pollutant model results based upon an all year analysis linking at least 24hr average concentrations to respiratory and cardiovascular hospital admissions;
· The studies have to provide estimates and confidence intervals. Studies which have provided P-values only are not included in the meta-analysis;
· Many time-series studies have investigated and reported results from a number of pollutant lags or days prior to the health effect. Selection of which lag to be used for meta-analysis was in priority order based upon: a) only one lag presented in analysis b) the lag from were the authors calculate relative risks c) the lag which from where the relative risks are the most statistically significant d) the lag with the largest estimate (beta). In the meta-analysis we do not distinguish between different lags;
· To adjust for long-term time trends and seasonal variation, time series analyses often use the statistical model generalized additive models (GAMs). The use of GAM has been questioned in 2002 
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[23, 24]
 because of inappropriate convergence criteria used and underestimation of standard errors. Therefore, we only use time-series studies that did not use GAM or were reanalysed using stringent criteria or Generalized Linear Models (GLM);
· We do not distinguish between total hospital admissions, acute hospital admissions, emergency hospital admissions, planned hospital admissions and emergency department visits;
· We assume that the effects of PM10 on hospital admission are the same in Europe and in Northern America, although there are some arguments to choose for a more local estimate, since there is some indicative evidence from time-series studies that at least the mortality estimates are higher in Southern Europe than in other parts of Europe 
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[25]
;
· We have decided to calculate one concentration response function for all ages. There is not so much epidemiological evidence to distinguish between different age groups. The APHEIS project has estimated also one estimate for all age groups. When studies only provided age specific estimates, we will combine those into one summary estimate and assume that this estimate is applicable to all age categories. A lot of time series studies have linked short-term exposure to PM10 to asthma and COPD hospital admission instead of ALL respiratory diseases. As respiratory hospital admission consists of a large part of asthma (mostly in children) and COPD (mostly in elderly), we think that it is appropriate to include those estimates in the meta-analysis as well. For the same reason, we include hospital admissions due to ischemic heart diseases, together with cardiac hospital admissions in the meta-analysis for the relation between PM10 and cardiovascular hospital admissions; 

· A number of cities have been studied more than once. In principal only one estimate from each city should be used in the meta-analysis. We only select the latest study published or, if the city participated in a large multicenter study, use those results. When cities have been studied more than once in large multicity studies, we have included both results;
See table 2 and 3 for a selection of studies which link short-term exposure to PM10 and respiratory and cardiovascular hospital admissions. The bold estimates are selected for meta-analysis. 11 estimates were included in the meta-analysis, resulting in a summary estimate of 1.009 (95% CI 1.007-1.010) for PM10 and respiratory hospital admissions. A summary estimate of 1.006 (95% CI 1.005-1.008) can be used for PM10 and cardiovascular hospital admissions. 
Table 2 Relative risk estimates (and 95% confidence intervals) for a 10 µg/m3 increase in PM10 for respiratory hospital admissions. 
	Study
	Cities
	Period
	Age
	Health outcome
	Relative risk
	Lag
	Comments

	PM10 (increment 10  μg/m3)

	Atkinson et al. [13]
	London, UK
	1992-1994
	All ages


	Emergency admissions:

Respiratory diseases (ICD 9 460-519)
Asthma (ICD 9 493) 
	1.01 (1.004-1.016)
1.007 (0.996-1.017)
	1
3
	Also separate estimates for 0-14, 15-64 and 65+. 

	Atkinson et al. (APHEA-2) 
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, revised estimates of [26]
	8 cities:
Barcelona, Birmingham, London, Milan, Netherlands, Paris, Rome, Stockholm
	Varied from 1988-1997

	0-14
15-64

>=65
>=65

	Hospital admissions:

Asthma  (ICD 9 493)
Respiratory diseases (ICD 9 460-519)
COPD +asthma  (ICD 9 490-496)


	1.015 (1.001-1.028)
1.010 (1.003-1.018)

1.010 (1.007-1.013)

Summary: 
1.010 (1.007-1.013)
1.010 (1.006-1.014)


	0
	Milan and Rome used TSP. This was scaled to PM10 with a factor 0.75. Paris has used PM13. This was considered equal to PM10.

	Atkinson et al. APHEIS report [18]
	9 cities: 

Barcelona, Budapest, Gothenburg, London, Madrid, Paris, Rome, Stockholm, Valencia
	Varied from

1992-2001
	All ages 
	Respiratory diseases (ICD 9 460-519)
	1.0114 
(1.0062-1.0167) R
	1
	Paris has used PM13. This was considered equal to PM10.

	Anderson et al. 
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[14]

	West Midlands, UK
	1994-1996
	All ages

	Hospital admissions: 

Respiratory diseases (ICD 9 460-519)
	1.006 (0.997-1.014)
	0-1
	Also age specific estimates provided. 


Table 2 continued

	Study
	Cities
	Period
	Age
	Health outcome
	Relative risk
	Lag
	Comments

	PM10 (increment 10  μg/m3)

	Prescott et al. [17]
	Edinburgh, UK.
	1992-1995
	<65
>=65
	Hospital admissions:

Respiratory diseases (ICD 480-487 and 490-496)


	1.005 (0.947-1.067)

1.021 (0.962-1.08362)
Summary: 1.013 (0.971-1.057)
	0-3
	

	Samet et al. [27], reanalysed by Schwartz et al. [28] and [29]
	14 US cities:
Birmingham, Boulder, Canton, Chicago, Colorado Springs, Detroit, Minneapolis/St Paul, Nashville, New Haven, Pittsburgh, Provo/Orem, Seattle, Spokane, Youngstown
	1985-1994
	>=65

	Hospital admissions: 

Pneumonia (ICD 9 480-487)

COPD (ICD 9 490-492 and 494-496) 
	1.0171 (1.0116-1.0226)

1.0171 
(0.9905-1.0248)

	2


	Also estimates available for quadratic distributed lags, unconstrained distributed lags and models with natural splines are available.   

	Stieb et al. [30]
	St John, Canada
	1992-1996
	All ages
	Emergency department visits:

Respiratory diseases (ICD 9 460-519)
	1.017 (P value of 0.013)
	3


	

	Lippman et al [31], reanalysed by Ito [32]
	Detroit, Michigan
	1992-1994
	>=65

	Emergency admissions:
Pneumonia (ICD 9 480-486)
COPD (ICD 9 490-496)
	1.034 (1.010-1.058)

1.013 (0.984-1.042)


	1

3
	Also estimates available for dysrhythmias and stroke. Also GLM estimates available. 


Table 2 continued
	Study
	Cities
	Period
	Age
	Health outcome
	Relative risk
	Lag
	Comments

	PM10 (increment 10  μg/m3)

	Sheppard et al. [33], reanalysed by [34]
	Seattle, USA
	1987-1994
	<65

	Hospital admissions:

Asthma (ICD 9 493)
	1.021 (1.005-1.037)
	1
	

	Linn et al. [35]
	Los Angeles, USA
	1992-1995
	>30


	Hospital admissions: 

Pulmonary diseases (APR DRG 75-101)
	1.006 (1.002-1.009)
	0
	Also estimates provided per season. They have used, apart from the ICD codes another classification scheme, namely the APR DRG.  

	Burnett et al. [36]
	Toronto, Canada
	1992-1994 (only summer months June-Sept)
	
	Hospital admissions:

Respiratory diseases (ICD 9 464-466, 490, 480-486, 491-494, 496)


	1.021 (1.009-1.033)
	0


	Based on a 4 day average instead of a 24hr day average.

	Schwartz et al.[37] 
	Minneapolis, St. Paul, Minnesota
	1986-1989
	>=65
	Hospital admissions: 
Chronic COPD (ICD 9 490-496)

	1.020 (0.99-1.042)

1.032 (1.011-1.053)
	0

1
	

	Tolbert et al. [38]
	Atlanta, USA
	1993-1995 (only summers) 
	0-16
	Emergency admissions:
Asthma (ICD 9 493)
	1.025 (1.003-1.048)
	1
	


Table 2 continued

	Study
	Cities
	Period
	Age
	Health outcome
	Relative risk
	Lag
	Comments

	PM10 (increment 10  μg/m3)

	Lipsett et al. [39]
	Santa Clara County, CA
	1988-1992 (only winters)
	All ages

	Emergency admissions:
Asthma (ICD 9 493)
	1.122 (P value of 0.012)

1.120 (P value of 0.009)
	0

1


	They also subdivide by different minimum temperatures

	Delfino et al. [40]
	Montreal, Canada
	1992-1993 (only June-Sept)
	>=64
	Emergency department visits:

Respiratory diseases
	1.064 (1.019-1.111)
	1
	


Table 2 continued

	Study
	Cities
	Period
	Age
	Health outcome
	Relative risk
	Lag 
	Comments

	PM10 (increment 10  μg/m3)

	Medina-Ramon et al. 
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[41]

	36 US cities
Albuquerque, Atlanta, Baltimore, Birmingham, Boston, Boulder, Canton, Chicago, Cincinnati, Cleveland, Colorado Springs, Columbus, Denver, Detroit, Honolulu, Houston, Jersey City, Los Angeles, Minneapolis, Nashville, New Haven, New York City, Palm Beach, Philadelphia, Pittsburg, Provo, Sacramento, Salt Lake City, San Diego, San Francisco, Seattle, Steubenville, St Louis, Spokane, Washington, Youngstown. 
	 Varied for  1986-1999
	>=65
	Hospital admissions:
COPD (ICD 9 490-496, except 493)
Pneumonia (ICD 9 480-487)
	1.0029 (0.9999-1.0058)

1.0059 (1.0030-1.0088)

1.0045 (1.0027-1.0064)

1.0026 (1.0010-1.0052)
	0
1

0

1 


	Case-cross over analysis. Also estimates available for summers/winters


Table 2 continued

	Study
	Cities
	Period
	Age
	Health outcome
	Relative risk
	Lag 
	Comments

	PM10 (increment 10  μg/m3)

	Biggeri et al. [42] (MISA)
	8 Italian cities:

Turin, Milan, Verona, Bologna, Ravenna, Florence, Rome, Palermo
	Varied from 1990-1999
	All ages
	Hospital admissions:
Respiratory acute conditions (ICD 9 460-519)
	1.0091 (0.9996-1.0186) R
	0-3
	Only in Florence and Palermo PM10 data were available. For the other cities, they applied conversion factors from TSP to PM10.

	Andersen et al. [43]
	Copenhagen, Denmark
	2001-2004
	5-18

>=65
	Hospital admissions:

Asthma (J45-46)

Respiratory diseases  (ICD 10 J41-J46)
	1.015 (0.945-1.091)

1.046 (1.019-1.073)

Summary: 1.042 (1.017-1.068)
	0-5

0-4
	

	SUMMARY ESTIMATE
Fixed effect
	
	Based on 11 estimates
	All ages
	Hospital admissions:

Respiratory diseases (ICD 9 460-519)

	1.009 (1.007-1.010)
	
	


R= random effect estimate. Only the bold study estimates has been used in the meta-analysis. 

Table 3 Relative risk estimates (and 95% confidence intervals) for a 10 µg/m3 increase in PM10 for cardiovascular hospital admissions.
	Study
	Cities
	Period
	Age 
	Health outcome
	Relative risk
	Lag
	Comments

	PM10 (increment 10  μg/m3)

	Atkinson et al. [13]
	London, UK
	1992-1994
	All ages

0-64
>=65
0-64

>=65
	Emergency admissions: Cardiovascular diseases (ICD 9 390-459)

Ischemic heart disease (ICD 9 410-414) 
	1.006 (1.002-1.011)
1.011 (1.004-1.018)
1.005 (1.000-1.010)

1.013 (1.003-1.024)

1.010 (1.002-1.018)
	0

	

	Anderson et al. 
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[14]

	UK, West Midlands
	1994-1996
	All ages
	Cardiovascular hospital  admission (ICD 9 390-459)
	0.998 (0.991-1.005)
	0-1
	

	Le Tetre et al. (APHEA-2) 
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, revised by [44]
	8 cities

Barcelona, Birmingham

London, Milan

Netherlands, Paris, Rome, Stockholm
	Varied from 1990-1995
	All ages

>=65
<65

>=65
	Hospital admission:

Cardiac (ICD 9 390-429)

IHD (ICD 9 410-413)


	1.005 (1.002-1.008) 
1.007 (1.004-1.009)

1.003 (0.998-1.006)

1.007 (1.003-1.012
	0-1
	Milan and Rome used TSP. This was scaled to PM10 with 0.75. Paris has used PM13. This was considered equal to PM10. 

	Prescott et al. [17]
	UK, Edinburgh
	1992-1995
	<65 
>=65 
	Hospital admission:

Cardiovascular diseases (ICD 9 410-414, 426-429, 434-440)
	1.008 (0.948-1.072)

1.048 (1.009-1.089)

Summary: 1.037 (1.004-1.071)
	0-3
	


Table 3 continued

	Study
	Cities
	Period
	Age 
	Health outcome
	Relative risk
	Lag
	Comments

	PM10 (increment 10  μg/m3)

	Samet et al. [27], reanalysed by Schwartz et al. [28] and [29]
	14 US cities:

Birmingham, Boulder, Canton, Chicago,

Colorado Springs, Detroit, Minneapolis/St Paul, Nashville, New Haven, Pittsburgh, Provo/Orem, Seattle, Spokane, Youngstown
	1985-1994
	>=65
	Hospital admissions: Cardiovascular diseases (ICD 9 390-429)
	1.010 (1.0079-1.019)
	2


	Also estimates available for quadratic distributed lags, unconstrained distributed lags and models with natural splines are available.   

	Lippman et al [31], reanalysed by Ito [32]
	Detroit, Michigan
	1992-1994
	>=65
	Hospital admissions:

IHD (ICD 9 410-414)

Heart failure (ICD 9 428)
	1.016 (0.999-1.032)

1.018 (0.999-1.036)


	2

0
	Also estimates available for dysrhythmias and stroke. Also estimates available for GLM models. 

	Linn et al. [35]
	Los Angeles, USA
	1992-1995
	>=30 


	Hospital admissions:

Cardiovascular (APR-DRG 103-144)


	1.006 (1.004-1.009)


	0
	Also estimates provided per season. They have used also another disease classification scheme, namely the APR DRG.  


Table 3 continued

	Study
	Cities
	Period
	Age 
	Health outcome
	Relative risk
	Lag
	Comments

	PM10 (increment 10  μg/m3)

	Morris et al. [45]
	Chicago, USA
	1986-1989
	>=65
	Hospital admissions:

Congestive heart failure (ICD 9 428)
	1.008 (1.002-1.014)
	0
	

	Burnett et al. [36]
	Toronto, Canada
	1992-1994 (only summer months June-Sept)
	All ages
	Hospital admissions:

Cardiac diseases (ICD 9 410-414, 427, 428)


	1.023 (1.003-1.043)


	1


	Based on a 4 day average instead of a 24hr day average.

	Stieb et al. [30]
	St John, Canada
	1992-1996
	All ages
	Emergency department visits:

Cardiac emissions (angina pectoris, myocardial infarction, conduction disturbance, dysrhythmia, congestive heart failure)
	1.06 (P value of 0.003)


	3


	

	Schwartz et al. [46]
	Detroit, USA
	1986-1989
	>=65

	Hospital admission: 

Ischemic heart disease (ICD 9 410-414)

Heart failure (ICD 9 428)
	1.006 (1.002-1.010)

1.007 (1.001-1.014)
	0
	


Table 3 continued

	Study
	Cities
	Period
	Age 
	Health outcome
	Relative risk
	Lag
	Comments

	PM10 (increment 10  μg/m3)

	Ballester et al. 
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[47]
 (EMECAS project)
	14 Spanish cities:

Barcelona, Bilbao, Cartagena, Castellon, Granada, Gijon, Huelva, Madrid, Ovieda, Pamplona, Sevilla, Valencia, Vigo, Zaragoza
	Varied from 1993-1999
	All ages 
	Hospital admission:

Cardiovascular diseases (ICD 9 390-459)

Heart diseases (ICD 9 410-414, 427, 428)


	1.0091 (1.0035-1.0147), R

1.0156 (1.0082-1.0231), F
	0-1


	

	Wellenius et al. [48]
	8 US cities:
Birmingham, Chicago

Cleveland, Detroit, Menneapolis, New Haven, Seattle
	1986-1999
	>=65
	Hospital admission:

Congestive Heart failure (ICD 9 428)
	1.0072 (1.0035-1.011), R
	0
	

	Andersen et al. [43]
	Copenhagen, Denmark
	2001-2004
	>=65
	Hospital admissions:
Cardiovascular diseases (ICD 10, I20, I21-I22, I24-I26, I46, I48-I49-I50)
	1.023 (1.008-1.038)
	0-3

	


Table 3 continued

	Study
	Cities
	Period
	Age 
	Health outcome
	Relative risk
	Lag
	Comments

	PM10 (increment 10  μg/m3)

	Biggeri et al. [42] (MISA)
	8 Italian cities:

Turin, Milan, Verona, Bologna, Ravenna, Florence, Rome, Palermo
	Varied from 1990-1999
	All ages
	Hospital admission:

Cardiac acute conditions (ICD 9 390-429)


	1.0082 (1.0032-1.0132) R


	0-3
	Only in Florence and Palermo PM10 data were available. For the other cities, they applied conversion factors from TSP to PM10 (0.6 for Turin, 0.8 for the other cities).

	SUMMARY ESTIMATE
Fixed effect
	
	Based on 9 estimates
	All ages
	Hospital admissions:

Cardiovascular diseases (ICD 9 390-459)
	1.006 (1.005-1.008)
	
	


APR-DRG = All-Patient-Refined Diagnosis-Related Group. R= random effect estimate. F=fixed effect estimate. Only the bold study estimates has been used in the meta-analysis. 

4. PM10 and premature mortality

We have chosen to use effect estimates from cohort studies since time-series studies likely underestimate the impact of exposure on mortality. Effects of long-term exposure to PM on mortality have been available so far from only a limited number of US and European cohorts.  

We assume one summary effect based on European and US cohort studies. There are some arguments to choose for a more local estimate since there is evidence from time-series studies that the air pollution estimates are higher in Southern Europe than in other parts of Europe 
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 due to effect modifiers like the average level of NO2 and temperature. This may be true for long-term exposure effects as well, but until now, there are no cohort studies addressing this issue. 
One other concern is the transferability of the US cohort estimates to European populations. Differences in the mixture of pollutants, measurement methods and the extensive use of air conditioners in the US can play a role in the possible non-transferability of results. However, because of the limited EU cohort studies available we have to rely on US cohort studies as well.  

There are no cohort studies other than the AHSMOG study 
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 and the study of Gehring et al.
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 which have linked long-term exposures of PM10 to mortality. Therefore, we have decided to use the cohort studies which have linked PM2.5 to mortality as well in the meta-analysis. 
Effects of long-term exposure to PM2.5 on mortality have been available so far from only a limited number of cohorts including the six cities study and the American Cancer Society study (ACS), see table 5. Just recently Beelen et al. published [51] results from a large cohort in the Netherlands with more than 120,000 participants which estimates exposure to traffic-related air pollution at the home address. They have found PM2.5 associations with mortality as well, and those are in line with the American results. The bold estimates in table 5 are selected for meta-analysis. We have selected either the most recent estimate of the cohorts or the estimate with the largest study population. They were based on the extended six city study [52]  and the extended ACS study [9], the Dutch cohort [51], together with the PM10 cohort studies of AHSMOG 
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[49]
 and the study of Gehring et al. 
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[50]
. These studies leads to a summary estimate of 1.06 (1.03-1.09) for all cause mortality. See chapter 8 for the application of these summary estimates. 
Just recently an extended analysis of the ACS study 
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[53]
 confirmed an association between PM2.5 and mortality with relative risks for all cause mortality ranging from 1.03 to 1.13 per 10 µg/m3 increase in PM2.5 depending on different time periods, models and covariates. 

Additional analysis – Different CRF per SES group 
Until now we have a summary CRF for PM10 and mortality which can be applied to the whole adult population (aged 30+), based on PM10 and PM2.5 cohort studies originated from both the US and Europe. 

However educational attainment is the one population characteristic which has been clearly shown in the American cohort studies to modify the relative risks of PM and mortality, with higher risks among people with lower educational attainment 
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[9, 54]
. A very recent extended (spatial) analysis of the ACS study 
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[53]
 show a similar pattern, although with somewhat less certainty. 
Also the Dutch cohort study of Beelen et al [51] gives an indication of a modifying effect of education. In addition also the women cohort of Miller et al. [55] reported higher relative risks for cardiovascular mortality on those people with lower education (table 6). 

It is understood that this may well not be an effect of education per se, but rather that educational status is here acting as a surrogate measure for socio-economic factors more generally [56]. 

Note that the American cohort studies have assessed city-wide measurements as an acceptable proxy for assessing residents’ long-term exposure to PM2.5. Other cohort studies 
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[51, 55, 57-59]
 with a smaller spatial resolution reported also a modifying effect of social economic status indicators. 

As additional analysis we recommend to use the summary estimates from table 6. We have calculated three different CRFs, based on three education levels, matching more or less with education levels lower than high school, high school degree and more than a high school degree. Education attainment serves here as a proxy for different social economic classes. We have calculated two summary estimates per SES category. First summary estimate is based on the original extended ACS study [9], the reanalysis of the six city study [54] and the Dutch cohort study [51]. We have excluded the cohort study of Miller et al. [55] because they have investigated cardiovascular mortality instead of all cause mortality. Second summary estimate have replaced the extended ACS study with the new extended analysis of the ACS study of 2009 


[53] ADDIN EN.CITE . See chapter 8 for the application of these summary estimates. 
Table 5 Relative risk estimates (and 95% confidence intervals) for a 10 µg/m3 increase in long-term exposure to PM2.5 and mortality.

	Study
	Country
	Study population
	All cause mortality
	Cardiopulmonary mortality
	Cardiovascular mortality
	Respiratory mortality
	Lung cancer mortality

	PM2.5 (increment 10 μg/m3)

	NLCS –AIR # [59]
	Netherlands
	5,000
	1.32 (0.98 – 1.78)
	1.71 (1.10 – 2.67)
	
	
	1.06 (0.43 – 2.63)

	NLCS-AIR [51]
	Netherlands
	120,852
	1.06 (0.97 – 1.16)
	-
	1.04 (0.90 – 1.21)
	1.07 (0.75 – 1.52)
	1.06 (0.82 – 1.38)

	Six Cities, original [60]
	US
	8,111
	1.13 (1.04 – 1.23)
	1.18 (1.06 – 1.32)
	-
	-
	1.18 (0.89 – 1.57)

	Six Cities, extended [52]
	US
	8,096
	1.16 (1.07 – 1.26)
	-
	1.28 (1.13 – 1.44)
	1.08 (0.79 – 1.49)
	1.27 (0.96 – 1.69)

	ACS, original [61] 
	US
	295,223
	1.06 (1.03 – 1.09)
	1.11 (1.07 – 1.16)
	-
	-
	1.01 (0.92 – 1.12)

	ACS, extended [9] 
	US
	319,000
	1.06 (1.02 – 1.11)
	1.09 (1.03 – 1.16)
	1.12 (1.08 – 1.15)
	0.92 (0.86 – 0.98)
	1.14 (1.04 – 1.23)

	ACS, Los Angeles [62]
	US
	22,905
	1.17 (1.05 – 1.30)
	1.12 (0.97 – 1.30)
	-
	-
	1.44 (0.98 – 2.11)

	Miller et al. [55]
	US
	65,893
	-
	-
	1.76 (1.25 – 2.47)
	-
	-

	AHSMOG study 
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* 
	US

Male
Female
	6,338 
	1.07 (0.99-1.17)

0.96 (0.89-1.03)

Summary:

1.006 (0.952-1.063)
	1.07 (0.96-1.20)

0.94 (0.86-1.03)
	
	1.15 (0.95-1.39)

1.06 (0.90-1.26)
	2.31 (1.37-3.92)

1.22 (0.70-2.12)

	Gehring et al. 
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[50]
*
	Germany
Female
	4,847
	1.20 (0.86-1.70)
	2.00 (1.15-3.59)
	
	
	

	SUMMARY ESTIMATE

Fixed effect
	Based on 5 estimates
	
	1.06 (1.03-1.09)
	
	
	
	


# exposure indicator was black smoke (BS) *Abbey et al. has calculated a PM10 estimate. We have used a conversion factor of 0.6 to translate it into a PM2.5 effect, assume that the whole effect was due to PM2.5. The same approach has been followed for the study of Gehring et al. Only the bold study estimates has been used in the meta-analysis. + estimate include only IHD mortality. 
Table 6 Relative risk estimates (and 95% confidence intervals) for a 10 µg/m3 increase in long-term exposure to PM2.5 and mortality stratified for education attainment.

	Study
	Country
	Study population
	All cause mortality

	
	
	
	Lower education
	Average education
	Higher education

	Krewski 2000,

ACS study [54]
	USA
	295,223
	1.13 (1.07 – 1.20)
	1.09 (1.03 – 1.15)
	1.02 (0.98 – 1.07)

	Krewski 2000,

Six city study [54]
	USA
	8,111
	1.22 (1.07 – 1.39)
	1.15 (0.99 – 1.34)
	0.98 (0.83 – 1.17)

	Pope et al. 2002 [9]
ACS study
	USA
	319,000
	1.09 (1.03 – 1.15)**
	1.05 (1.01-1.09)**
	1.00 (0.96-1.05)**

	Krewski, 2009

ACS updated analysis 
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	USA 
	486,133
	1.08 (1.02 – 1.14)
	1.07 (1.02 – 1.13)
	1.06 (1.02 – 1.09)

	Hoek, 2002* 
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NLCS-AIR
	The Netherlands
	5,000
	1.62 (0.97 – 2.70)
	1.24 (0.79 – 1.94)
	1.16 (0.64 – 2.10)

	Beelen, 2007* [51]
NLCS-AIR
	The Netherlands
	10,094
	1.23 (0.93 – 1.65)
	1.04 (0.87 – 1.24)
	0.91 (0.72 – 1.15)

	Miller, 2007 [55]***

	USA
	65,893 postmenopausal women
	1.40 (1.11 – 1.75)
	1.33 (1.14 – 1.55)

1.26 (1.09 – 1.44)

Summary: 
1.29 (1.17 – 1.43)
	1.11 (0.94 – 1.31)

	SUMMARY ESTIMATE

Fixed effect
	Based on 3 estimates 
	
	1.11 (1.06 – 1.17)
	1.06 (1.02 – 1.09)
	1.00 (0.95 – 1.04)

	
	Based on 3 estimates (instead of pope 2002 krewski 2009)
	
	1.10 (1.05 – 1.16)
	1.08 (1.03 – 1.13)
	1.05 (1.02 – 1.09)


* Exposure was BS. ** Estimated from figure 4a in the original paper. *** Health endpoint was cardiovascular mortality. 
Average education was lower vocational education. Higher education was high school and higher education.

Education attainment serves here as a proxy for different social economic classes. 

5. NO2 and respiratory and cardiovascular hospital admissions 

For the current meta-analysis on NO2 and respiratory and cardiovascular hospital admission, we have decided to take the comprehensive WHO air quality guidelines [21], and the review document of the California EPA [64]. We have added to these recent estimates from the large multi-cities studies. 

The same approach has been followed for NO2 and respiratory and cardiovascular hospital admission, as has been followed for PM10, see chapter 3. See table 7 and 8 for a selection of studies which link short term exposure to NO2 and respiratory and cardiovascular hospital admissions. The bold estimates are selected for meta-analysis. 

Table 7 Relative risk estimates (and 95% confidence intervals) for a 10 µg/m3 increase in NO2 for respiratory hospital admissions.
	Study
	Cities
	Period
	Age (yrs)
	Outcome
	Relative risk
	Lag
	Comments

	NO2 (increment 10  μg/m3)

	Spix et al (APHEA-1) 
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[65]

	4 cities, 
Amsterdam, 

London, Paris,

Rotterdam
	Varied from 1977-1992
	15-64

>=65
	Emergency admission:

Respiratory diseases (ICD9 460-519)
	1.002 (0.997-1.007)

1.004 (0,996-1.011)

Summary: 1.003 (0.998-1.007) 
	0
	Effects of BS stronger when N02 was high. They also provide estimates per season (cold/warm season)

	Anderson et al (APHEA-1) [66]
	5 cities,
Amsterdam, 

Barcelona.

London, Paris,
Rotterdam, 
	Varied from 1977-1992
	All ages
	Hospital admission: 
COPD (ICD9 490, 491, 
492, 496)

	1.005 (1.002-1.008)
	0-3
	

	Sunyer et al. (APHEA-1) [67]
	4 cities

Barcelona.

Helsinki,

London, Paris,
	1987-1992
	<15 year 
15-64 
	 Hospital admission:
Astmha (ICD9 493)
	1.005 (1.001-1.009)
1.006 (1.001-1.011)
	0-2

0-1
	For Barcelona, no estimate was available for the age < 15. 

	Anderson et al. [68]
	London, UK
	1987-1992
	All ages

	Hospital admission:

Astmha (ICD9 493)

	1.007 (0.997-1.016)

	2

	Also age specific estimates provided. They also provided estimates for cumulative lags up to 3 days. 


Table 7 continued

	Study
	Cities
	Period
	Age (yrs)
	Outcome
	Relative risk
	Lag 
	Comments

	NO2 (increment 10  μg/m3)

	Morgan et al. [69]
	Sydney, Australia
	1990-1994
	1-14

15-64

>=65


	Hospital admission:

Asthma (ICD9 493)
COPD (ICD9 490-492, 494, 496)
	1.010 (0.995-1.026)
1.007 (0.991-1.024)

1.013 (0.998-1.029)
	0
0
1
	

	Prescott et al. [17]
	Edingburgh, UK
	1992-1995
	<65

>=65


	Hospital admission:
Respiratory diseases (ICD9 480-487, 490-496) 

	0.998 (0.925-1.077)

1.031 (0.954-1.114)
Summary: 1.014 (0.960-1.071)

	0-3
	

	Tenias et al. [70]
	Valencia, Spain
	1994-1995
	>=14
	Emergency room visits:

Asthma (ICD9 493)
	1.076 (1.020-1.134)
	0
	

	Norris et al. [71]
	Seattle, WA, USA
	1995-1996
	0-18
	Hospital admission:
Astmha (ICD9 493)
	0.994 (0.940-1.052)
	2
	

	Thompson et al. [72]
	Belfast, Ireland
	1993-1995
	Chidren (age range not mentioned in the article)
	Emergency department admission:

Acute asthma  (ICD codes not mentioned)
	1.057 (1.026-1.089)


	0-1


	They have provided estimates from lag 0 to lag 4.

	Galan et al. [73]
	Madrid, Spain
	1995-1998
	All ages
	Emergency room admission:
Asthma (ICD9 493)
	1.033 (1.013-1.054)
	3
	


Table 7 continued

	Study
	Cities
	Period
	Age (yrs)
	Outcome
	Relative risk
	Lag 
	Comments

	NO2 (increment 10  μg/m3)

	Fusco et al. [74]
	Rome, Italy
	1995-1997
	All ages

	 Hospital admissions:

Respiratory diseases (ICD9 460-519, excluding 470-478)

	1.011 (0.996-1.026)

	0
	They also provided estimates for 0-14 years of age. They have provided estimates from lag 0 to lag 4. 

	Oftedal et al. 
 ADDIN EN.CITE 
[75]

	Drammen, Norway
	1994-2000
	All ages
	Hospital admissions:

Respiratory diseases (ICD9 460-519 and ICD10 J00-J99)
	1.028 (1.008-1.049)
	0
	

	Lin et al. [76]
	Ottawa, Canada
	1981-1993
	6-12 (boys)

6-12 (girls)
	Hospital admissions:

Asthma (ICD 9 493, ICD 10 J45 J46 j44.8)
	1.043 (1.006-1.080)
1.065 (1.008-1.126)

Summary: 1.049 (1.018-1.081)
	3
5
	Case-cross over design. 
They have provided estimates from lag 0 to lag 7.

	Barnett et al. [77]
	Australia and New Zealand
7 cities, Brisbane, Canberra, Melbourne, Perth, Sydney 

Auckland, Christchurch
	1998-2001
	5-14 
	Hospital admissions:

Respiratory diseases (ICD 9 460-519, ICD 10 J00-J99 (excluding J95.4 to J95.9), R09.1, R09.8)
Asthma  (ICD 9 493, ICD 10 J45 J46 j44.8)
	1.007 (0.967-1.05)
1.063 (1.002-1.127)
	0
	Case-cross over design


Table 7 continued

	Study
	Cities
	Period
	Age (yrs)
	Outcome
	Relative risk
	Lag
	Comments

	NO2 (increment 10  μg/m3)

	Andersen et al.  [43]
	Copenhagen, Denmark
	2001-2004
	5-18

>=65
	Hospital admissions:

Astmha (ICD 10 J45 J46)

Respiratory diseases  (ICD 10 J41-J46)
	1.068 (0.868-1.314)

1.10 (1.011-1.201)
Summary: 1.10 (1.012-1.186)
	0-5

0-4

	

	SUMMARY ESTIMATE

Fixed effect
	
	Based on 11 estimates
	All ages
	Hospital admissions:

Respiratory diseases (ICD 9 460-519)
	1.009 (1.005-1.012)
	
	


Only the bold study estimates has been used in the meta-analysis. 

Table 8 Relative risk estimates (and 95% confidence intervals) for a 10 µg/m3 increase in NO2 for cardiovascular hospital admissions.
	Study
	Cities
	Period
	Age
	Outcome
	Relative risk
	Lag
	Comments

	NO2 (increment 10 μg/m3)

	Schwartz et al. [78]
	Tucson, AZ, USA
	1988-1990
	>=65
	Hospital admissions:

Cardiovascular diseases  (ICD9 390-429)
	1.003 (0.989-1.018)
	0
	

	Poloniecki et al. [79]
	London, UK
	1987-1994
	All ages
	Emergency hospital admissions:

Circulatory diseases (ICD9 390-459)
Acute myocardial infarction

Arrhythmia
	1.004 (1.000-1.009)

1.005 (1.000-1.010)

1.005 (0.996-1.014)
	1
	

	Prescott et al. [17]
	Edingburgh, UK
	1992-1995
	<65

>=65


	 Emergency hospital admissions:

Cardiovascular diseases (ICD9410-414, 426-429 and 434-440
	0.995 (0.956-1.037)

0.997 (0.972-1.024)

Summary: 0.997 (0.975-1.019)
	0-3
	

	Morgan et al. [69]
	Sydney, Australia
	1990-1994
	All ages

0-64

>=65
	Hospital admissions: 

Heart disease (ICD9 410, 413, 427, 428)
	1.023 (1.016-1.030)

1.018 (1.005-1.031)

1.025 (1.017-1.034)
	0
	

	D’Ippoliti et al. [80]
	Rome, Italy
	1995-1997
	>=18
	Hospital admissions: 

Acute myocardial infarction (ICD9 410)
	1.026 (0.999-1.054)
	0
	Case-cross over design

Also estimates provided for lag 1 to 4 and 0-2. 


Table 8 continued
	Study
	Cities
	Period
	Age
	Outcome
	Relative risk
	Lag
	Comments

	NO2 (increment 10 μg/m3)

	Wellenius et al. [81]
	Allegheny County, PA, USA
	1987-1999
	>=65
	Hospital admissions:

Congestive heart failure (ICD 9 428, 428.1)
	1.021 (1.013-1.029)
	0
	Case-cross over design


	 Ballester et al. 
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[47]

	14 Spanish cities:

Barcelona, Bilbao, Cartagena, Castellon, Granada, Gijon, Huelva, Madrid, Ovieda, Pamplona, Sevilla, Valencia, Vigo, Zaragoza
	1993-1999
	All ages 
	Hospital admissions:

Cardiovascular diseases (ICD 9 390-459)
Heart diseases (ICD 9 410-414, 427, 428)


	1.0038 (1.0007-1.0069), F

1.0086 (1.0044-1.0128), F
	0-1


	

	Andersen et al [43]
	Copenhagen, Denmark
	2001-2004
	>=65
	Hospital admissions:
Cardiovascular diseases (ICD 10, I20, I21-I22, I24-I26, I46, I48-I49-I50)
	1.000 (0.959-1.042)


	0-3

	

	SUMMARY ESTIMATE

Fixed effect
	
	Based on 6 estimates
	All ages
	Hospital admissions:
Cardiovascular diseases (ICD 9 390-429)
	1.004 (1.001-1.006)
	
	


Only the bold study estimates has been used in the meta-analysis. 

6. NO2 and premature mortality

In the large US cohort study of Pope et al. [9] NO2 was not associated with mortality. The Harvard six city study only provided risk estimates in the re-analysis of Krewski et al [54]. There they found that NO2 was associated with an increased risk of mortality. In the study of Pope [9], air pollution exposures were not assessed at the individual address but based upon assignment of central monitors to each subjects living in a city. More misclassification of exposure may thus have occurred because of the documented intra-urban contrast in NO2.
Here we will combine available estimates of the association between long-term exposure to NO2 and all cause mortality observed in European cohort studies, which have assessed NO2 levels on a much smaller scale. Four long-term cohort studies 
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[50, 51, 59, 82, 83]
 are selected for meta-analysis, see table 9. This results in a summary mortality estimate of 1.06 (95% CI 1.04-1.08). When we restrict the meta-analysis to studies which have assessed NO2 at an individual level 
 ADDIN EN.CITE 
[51, 83]
, a summary estimate of 1.05 (95% CI 1.03-1.08) was calculated. 
The study of Nafstad et al. [83] only provided NOx estimates. The authors did not estimate NO2 out of NOx concentrations [84]. In this review we have used an average NO2/ NOx ratio of 0.63 to convert NOx in NO2 estimates rather then just excluding the whole study out of the meta-analysis. This ratio was based on recent NO2/ NOx measurement data at 80 sites in Oslo [85]. The arithmetic mean for NO was 21.9 µg/m3 (range 2.5 to 123.5 µg/m3), and for NO2 36.7 µg/m3 (range 5.6 to 82.5 µg/m3). 
Calculations can be conducted using the summary estimate of 1.06 (1.04-1.08) for all cause mortality. See chapter 8 for the application of these summary estimates. 

Table 9 Relative risk estimates (and 95% confidence intervals) for a 10 µg/m3 increase in long-term exposure to NO2 and mortality.

	Study
	Country
	Study population
	All cause mortality
	Cardiopulmonary mortality
	Cardiovascular mortality
	Respiratory mortality
	Lung cancer mortality

	NO2 (increment 10 μg/m3)

	NLCS-AIR [59]
	Netherlands
	5,000
	1.11 (0.98 – 1.26)
	1.22 (0.99 – 1.50)
	-
	-
	1.08 (0.75 – 1.55)

	NLCS-AIR [51]
	Netherlands
	120,852


	1.03 (1.00 – 1.05)
	1.04 (0.99 – 1.08)
	1.02 (0.98 – 1.07)
	1.11 (1.00 – 1.23)
	0.97 (0.89 – 1.05)

	PAARC 
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	France
	14,284
	1.14 (1.04 – 1.25)
	1.27 (1.04 – 1.56)
	-
	-
	1.48 (1.06 – 2.06)

	Nafstad et al. [83]*
	Norway
	16,209
	1.13 (1.08 – 1.18)
	-
	-
	1.27 (1.11 – 1.44)
	1.18 (1.06 – 1.32)

	Gehring et al. 
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	Germany
	4,847
	1.10 (1.01-1.20)
	1.33 (1.14 – 1.54)
	-
	-
	-

	Summary estimate

Fixed effect
	Based on 4 estimates
	
	1.06 (1.04-1.08)
	
	
	
	


* Was originally a NOx estimate. We have used the NO2 / NOx ratio of 0.63 to convert it into a NO2 estimate. Only the bold study estimates has been used in the meta-analysis. 
7. UFP and mortality and respiratory and cardiovascular hospital admissions 

Until now, there are a few epidemiological studies which have linked UFP and respiratory and cardiovascular hospital admissions see appendix 1. There are no epidemiological studies of the effects of long-term exposure to UFP on mortality, see appendix 2 for an approach how to derive an estimate in the absence of direct data. 
Because of a lack of epidemiological studies, we have decided to set up an expert panel, which has been held in August 2008. 12 experts, both epidemiologists, toxicologists and clinicians, participated in this panel to provide us with CRFs of UFP and mortality and respiratory and cardiovascular hospital admissions. Briefly, twelve European experts from the disciplines of epidemiology, toxicology, and clinical medicine selected using a systematic peer-nomination procedure participated. For the concentration-response functions, probability distributions of effect estimates were obtained for all-cause mortality and cardiovascular and respiratory hospital admissions. 

Experts judged the small database of epidemiological studies supplemented with experimental studies sufficient to quantify effects of UFP on all-cause mortality and to a lesser extent hospital admissions. Substantial differences in the estimated UFP health effect and its uncertainty were found between experts. The lack of studies on long-term exposure to UFP was rated as the most important source of uncertainty. Effects on hospital admissions were considered more uncertain. See Hoek et al. 
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 for a more detailed description of this expert panel including the methods how to derive the CRFs. 
Table 10 gives a summary overview of the CRFs derived from this expert panel. This summary estimate was based on experts assessing both short term as well as long term effects of UFP. 

Table 10 Summary estimates of UFP and mortality and respiratory and cardiovascular hospital admissions based on an expert panel 
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. 
	
	Mortality

(ICD 9 <800)  

(ICD 10 A00-R99)
	Respiratory hospital admissions

 (ICD 9 460-519)

(ICD 10 J00-J99)
	Cardiovascular hospital admissions

(ICD 9 390-459)

(ICD 10 I00-I99)

	UFP
	1.03 (1.01 – 1.09) 11 Experts
	1.016 (1.000- 1.050) 9 experts
	1.020 (1.005-1.040) 10 experts


UFP estimates are expressed for an increase in 10,000 particles/cm3. Experts were asked to give a distribution of the CRF. Summary estimate is the median of the median response of experts. Uncertainty range is based on the median of the 5th and 95th percentile of the experts’ responses reflecting overall uncertainty. 
8. Application of the CRFs in the transport case studies

8. Application ~ Adding health effects of PM10, NO2, and UFP

In table 1 summary estimates are given for the traffic-related air pollutants PM10, NO2, and UFP and mortality and hospital admissions. Normally, HIA is often focused on one air pollutant representing the complex mixture of air pollution. This is because most air pollutants are strongly correlated in time and adding the effects of these pollutants leads to double counting, which should be prevented [5, 6]. 

However, to limit the calculations to one pollutant leads to an underestimation of the ‘real’ health effects. Therefore we recommend the following approach:

Various studies have documented a low temporal correlation in the atmosphere between particle mass and number 
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. Hence, adding number of hospital admissions of PM10 and UFP likely better represents the effect of the complex PM mixture than the single effect estimates of each PM indicator. 

Typically, PM10 and NO2 temporal correlations are much higher (ADD REFS?). When temporal correlations ranged between 0.5 and 0.8, we suggest multiplying the smallest number of hospital admissions with (1-temporal correction) and adding this to the other number of additional hospital admissions cases. When the correlation is higher than 0.8 we recommend to NOT add the hospital admissions effects as they are clearly not independent.

For the long-term mortality effects of PM10, NO2, and UFP we recommend to limit the calculations to one pollutant. Spatial correlations of long-term average concentrations are likely to be high related to similar sources. You can consider calculating mortality effects of the different pollutants, but then you have to be very explicit that these effects can NOT be considered as independent mortality effects. These mortality effects can NOT be added. 
8. Application ~ Conversion of PM10 in PM2.5 to calculate mortality effects

We will assume that the modelled change in PM10 can be totally attributed to a change in PM2.5 in order to link them with the summary PM2.5 mortality estimate. This seems reasonable because the suggested traffic policies 1) affect mostly the smaller particles and 2) coarse fraction of PM consistently have shown no mortality effects, see e.g. the review article of Brunekreef et al. [88]. 

8. Application ~ Use of a more local (city specific) estimate instead of the summary estimate

Table 1 gives summary estimates of the different selected traffic-related air pollutants and the different health outcomes.  In the summary estimates we have assumed that the air pollution effects are the same in Europe and in Northern America, which seems reasonable. See for example the reasoning on transferability of a recent document of the NEEDS project [56] p69. 

For the transport case studies, there are also some local (city-specific) estimates available, which are, as such, not included in the summary estimates of table 1. If you want to include a local (city-specific) estimate the following approach is suggested:

Rather than only use the local estimate for your calculations, we recommend a weighted average of the local-city value and the provided summary estimate. Because, ideally what one would like is a CRF that reflects any real differences between the local situation and studies elsewhere, but not chance differences. Such an approach has been recently developed by APHEIS-3 [89] using the statistical concept of a shrunken estimate [90]. Basically, this approach comes down to quantitatively combine the two estimates with the same formula’s as has been used for meta-analysis [10]. 

8. Application ~ Applicability to age groups

For the morbidity health endpoint including respiratory and cardiovascular hospital admissions, changes in number of these diseases can be estimated, attributable to the change in the selected air pollutants, also by the use of RRs and incidence background rates. We suggest using the estimates for all ages. Since time series studies are also based on the whole population. 

For mortality the principal disease burden indicator for long-term air pollution exposure is the change in life expectancy / the life years lost. These will be calculated from observed RRs via cohort studies and implemented via standard life table analysis, by making use of the software developed by Miller and co-workers [91]. 

Calculations can be conducted using the summary estimates of all cause mortality from table 1. We recommend using this summary estimate for the population aged 30+ only since most cohort studies involved adult or elderly populations. Then, in the life table calculations we assume no long-term mortality effects of air pollution for the younger age groups. This does not influence ultimate results a lot: young western people have a relatively small change of dying anyway. 

8. Application ~ Life table calculations

Most straightforward assumptions to calculate life years lost or gained within the transport case studies:

· Do not stratify for gender;

· Truncate the calculations after age 105;

· Assume constant future birth rates;

· Assume that future hazard rates are the same as today’s;

· Assume immediate mortality effects after the change in population-weighted exposure (no lag);

· Assume one CRF applicable to the whole population aged 30+;

· Calculate the effects over a whole life span (105 years).
Actual time span of the policy effect is case study dependant. For example in Rome the policy measure to accelerate replacement of old cars will cancel out within 20 years, as then the old cars will be replaced anyway. 

For additional analyses we can consider the following:

· Apply different lags between the exposure change and the mortality effect. For example assume a lag of 1 or 5 years;
· Stratify on for example different social economic classes. Impacts can be different because of: 1) the policy affects certain population groups more than others 2) baseline mortality rates are generally higher in lower social economic classes and 3) some evidence exists that the concentration response function is higher for lower SES groups. See for the different CRFs per social economic class table 6.
Appendix 1 Epidemiological studies UFP and respiratory and cardiovascular hospital admissions
In addition to PM10 and PM2.5, ultrafine particles (UFP) have recently attracted significant attention. As compared to PM10 and PM2.5 UFP have a higher carbon content, larger total surface area, and greater potential for carrying toxic compounds. Because of their small size, these particles can be inhaled deeply into the lungs and deposited in the alveoli and into the blood stream. 

Epidemiological adverse health effect were reported for UFP including effects on 
lung function 
 ADDIN EN.CITE 
[92, 93]
, cardiorespiratory symptoms 
 ADDIN EN.CITE 
[94]
, heart rate variability 
 ADDIN EN.CITE 
[95]
, increases in medication use of asthmatics [96], increases in blood markers like the C-reactive protein [97], and repolarization changes in ischemic heart disease patients [98], 

Until now, there are a few epidemiological studies which has linked UFP to respiratory hospital admissions 
 ADDIN EN.CITE 
[43, 99-101]
, see table 11. The bold estimates has been used in the meta-analysis, resulting in a summary estimate of 0.996 (0.990-1.001) per 10,000 increase in UFP. For cardiovascular hospital admissions, there are 5 studies available including two studies from the HEAPSS study. One study have linked UFP to an increased hospital admission for first acute myocardial infarction [102], and one study which have linked UFP to an increased hospital readmissions in myocardial infarction survivors 
 ADDIN EN.CITE 
[103]
. The study of Andersen have linked UFP to cardiovascular diseases, see table 12. We have summarized these studies into one summary estimate of 1.008 (1.000-1.017) per 10,000 increase of UFP. 
In the comprehensive WHO air quality guidelines [21] they did not reach conclusions on the CRFs for UFP and diverse adverse health effects, because of ‘insufficient’ epidemiological evidence. However, they have recognised that there is already considerable toxicological evidence of potential detrimental effects of UF particles on human health. 
Table 11 Relative risk estimates (and 95% confidence intervals) for a 10,000 p/cm3 increase in UFP for respiratory hospital admissions.
	Study
	Cities
	Period
	Age
	Outcome
	Relative risk
	Lag
	Comments

	UFP (increment 10,000  p/cm3)

	Peel et al. [99]
SOPHIA 
	Atlanta, USA
	1998-2000
	All ages 
	Emergency department visits:
All respiratory diseases
	0.995 (0.989-1.000)
	0-3
	

	Andersen et al [43]
	Copenhagen, Denmark
	2001-2004

NCtot

NC100
	5-18
>=65

5-18

>=65


	Hospital admissions:

Asthma (J45-46)

Respiratory diseases ((ICD 10 J41-J46)

Hospital admissions:

Asthma (J45-46)

Respiratory diseases ((ICD 10 J41-J46)


	1.189 (0.948-1.492)
1.106 (1.014-1.206)
1.196 (0.909-1.573)
1.095 (0.972-1.234)
Summary: 1.110 (0.995-1.239)

	0-5

0-4


	

	Halonen et al. [100]
	Helsinki, Finland
	1998-2004

Aitken mode (0.03-0.1 µm) 
	<15

15-64

>=65

<15

15-64

>=65
	Emergency department visits:

Asthma and COPD  (ICD 10 J41, J44, J45, J46)
 
	0.976 (0.824-1.156)

1.137 (1.003-1.289)
1.131 (0.948-1.350)

1.261 (1.083-1.469)
1.087 (0.959-1.232)

1.047 (0.933-1.175)
	Lag 0

Lag 3
	


Table 11 continued

	Study
	Cities
	Period
	Age
	Outcome
	Relative risk
	Lag
	Comments

	UFP (increment 10,000  p/cm3)

	Halonen et al. [101]
	
	UFP (<0.1 µm)
	>=65
	Hospital admissions:
Respiratory diseases (ICD10 J00-J99)
	1.023 (0.979-1.069)
	5 day mean
	

	Summary estimate

Fixed effect
	
	Based on 3 estimates
	
	
	0.996 (0.990-1.001)
	
	


NC100 = number concentration of particles <100 nm in diameter, which was derived from four size modes (NC12 , NC23, NC57 and NC212). NCtot = number concentration of all particles (6-700 nm). URI = upper respiratory infections. 

Table 12 Relative risk estimates (and 95% confidence intervals) for a 10,000 p/cm3 increase in UFP for cardiovascular hospital admissions.
	Study
	Cities
	Period
	Age
	Outcome
	Relative risk
	Lag
	Comments

	UFP (increment 10,000  p/cm3)

	Metzger et al. [104]
SOPHIA 
	Atlanta, USA
	1998-2000
	All ages 
	Emergency department visits:

IHD (ICD9 410-414)

Cardiac dysthythmias (ICD 9 427)

CHF (ICD 9 428)

Peripheral vascular and cerebrovascular diseases (ICD 9 433-437, 440, 443-444, 451-453)

All cardiovascular diseases
	0.996 (0.984-1.009)

0.991 (0.979-1.003)

0.994 (0.981-1.008)

0.999 (0.986-1.012)

0.995 (0.988-1.002)
	0-3
	

	Von Klot et al. 
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[103]

HEAPSS
	5 cities:

Augsburg, Barcelona, Helsinki, Rome, Stockholm
	Varied from 1992-2001 
	>=35
	Hospital readmission of Myocardial survivors:

Cardiac diseases (AMI, angina pectoris, dysrhythmia and heart failure)

AMI

Angina Pectoris
	1.026 (1.005-1.048) F

1.039 (0.998-1.082) R

1.020 (0.992-1.048) F
	0
	

	Lanki et al. [102]
HEAPPS
	5 cities:

Augsburg, Barcelona, Helsinki, Rome, Stockholm
	Varied from 1992-2000
	>=35
	Hospital admission:

First AMI (5 cities)

First AMI (3 cities)


	1.005 (0.996-1.015) F

1.013 (1.000-1.026) F
	0
	AMI registers were available in Augsburg and Barcelona. For the other cities hospital discharge registers were used. 


Table 12 continued 

	Study
	Cities
	Period
	Age
	Outcome
	Relative risk
	Lag
	Comments

	UFP (increment 10,000  p/cm3)

	Andersen et al [43]
	Copenhagen, Denmark
	2001-2004

NCtot

NC100
	>=65

>=65


	Hospital admissions:

Cardiovascular diseases (ICD 10, I20, I21-I22, I24-I26, I46, I48-I49-I50)

Cardiovascular diseases (ICD 10, I20, I21-I22, I24-I26, I46, I48-I49-I50)
	1.000 (0.963-1.039)

1.000 (0.940-1.063)


	0-3


	

	Halonen et al. [101]
	
	UFP (<0.1 µm)
	>=65
	Hospital admissions:

Cardiovascular diseases (ICD10 I00-I99)
	1.014 (0.981-1.048)
	5 day mean
	

	Summary estimate

Fixed effect
	
	Based on 5 estimates
	
	
	1.001 (0.995-1.006)
	
	


Appendix 2 UFP and mortality – an approach how to derive mortality estimates
There are no epidemiological studies of the effects of long-term exposure to UFP on mortality, largely because of the cost of monitoring of UFP. Rather than ignoring the potential effect, we will try to obtain an estimate based upon two approaches. First, we use studies that have evaluated proximity to major roads and make assumptions about the role of UFP in this association. Second, we evaluate the few time series studies on mortality and use this as a lower bound for the association. 

Living near a major road has been associated with increased mortality in four studies (table 13). Using three of the estimates results in a small but significant association between living near a major road and natural all cause mortality, with a combined RR of 1.08 (1.01-1.15).
Table 13 Relative risks (and 95% confidence intervals) of studies on the association between living near a major road and mortality. 
	Study
	Country
	Study population
	All cause mortality
	Cardiopulmonary mortality

	Hoek et al. [59]
	Netherlands
	4,492
	1.41 (0.94 – 2.12)
	1.95 (1.09 – 3.52)

	Beelen et al. [51]
	Netherlands
	120,852
	1.05 (0.97 – 1.12)
	1.07 (0.96 – 1.19)

	Gehring et al. 
 ADDIN EN.CITE 
[50]

	Germany
	4,847
	 1.29 (0.93 -1.78)
	 1.70 (1.02 -2.81)

	Finkelstein et al. [105]
	Canada
	5,228
	1.18 (1.02 – 1.38)
	--

	Summary estimate

Fixed effect
	
	
	1.08 (1.01 – 1.15)
	


RRs for living near a major road were calculated with as reference category not living near a major road. Only the bold study estimates has been used in the meta-analysis. 

Several studies found large contrasts in UFP concentration associated with traffic intensity. Contrasts for UFP have been found to be much larger than for PM2.5. The exact contrast
 clearly depends upon traffic intensity, traffic composition, distance from the home to the major road and street configuration. In the RUPIOH study, outdoor concentrations at the façade of homes located in major roads in four European cities were 75% higher than near homes in minor streets [106]. The average urban background concentration in these cities was 17,400 particles/cm3 [107]. In another study in five European cities, the ratio between a traffic site and an urban background site in Barcelona and Rome was 2.2 and 2.5 respectively [108]. The average urban background concentrations in Augsburg, Helsinki and Stockholm was 10,500 particles/cm3 and 17,500 particles/cm3 in Rome and Barcelona (calculated from the paper). Based upon these two studies, we assume that the contrast in UFP concentration associated with living near major road was ~ 15,000 particles/cm3.
Table 14 Relative risks (and 95% confidence intervals) of the association between UFP and mortality (per 10,000 particles/cm3), calculated from studies of traffic proximity

	Relative contribution UFP to effect of traffic proximity (%)
	RR
	95% CI

	100
	1.05
	1.01-1.10

	75
	1.04
	1.01-1.07

	50
	1.03
	1.00-1.05

	25
	1.01
	1.00-1.02


The association between living near a major road and mortality is likely due to different components of the complex mixture that is emitted by motorized traffic. Ultrafine particles may explain part of the association because of documented toxicity and the large contrast in concentration that is found for UFP. Table 14 presents the RR for an average contrast in UFP concentration of 10,000 particles/cm3 under different assumptions of the relative contributions of UPF to the observed effect. This approach has been published as well in the supporting information of Hoek et al. 
 ADDIN EN.CITE 
[63]
. 
In the second approach we have summarized the few time series studies of UFP and mortality, because of a lack in long-term cohort studies. Until now, there are only four studies available which have linked UFP concentrations to (different causes of) mortality. The study of Stolzel et al. [109] is an extension of the study of Wichmann et al. 
 ADDIN EN.CITE 
[110]
. The study of Forastriere et al. [111] has investigated out-of-hospital coronary deaths instead of all cause mortality. The study of Kettunen [112] have used stroke mortality. The study of Halonen et al [101] has investigated the nucleation mode and the aitken mode and linked that to cardiovascular and respiratory mortality. However, due to a lack of studies, we think that it is appropriate to include these estimates in the meta-analysis as well. See table 15 for the selected studies of the association between UFP and mortality. Although it is known that time series studies are likely to underestimate effects, in principal we can use this estimate as a lower bound for the association.
Table 15 Relative risks (and 95% confidence intervals) of time series/case cross of studies on the association between UFP and mortality (lag 0).
	Study
	Country
	Study population
	Mortality

	UFP (increment 10,000  p/cm3)

	Wichmann et al 
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[110]

	Erfurt, Germany
	200,000 inhabitants of Erfurt
	1.015 (0.976-1.056)

	Stolzel et al [109]
	Erfurt, Germany
	200,000 inhabitants of Erfurt
	1.021 (0.99-1.052)

	Forastiere et al* [111]
	Rome, Italy
	5,144 residents of Rome
	1.027 (1.007-1.047)

	Kettunen et al ** [112]
	Helsinki, Finland
	~ 1 million inhabitants of Helsinki 

Cold season:

Warm season:
	1.011  (0.922-1.109) 
1.004 (0.825-1.223)

Summary: 
1.010 (0.929-1.098)

	Halonen et al. [101]
	Helsinki

Nucleation mode (<0.03 µm)
Aitken mode (0.03-0.1 µm)
	~ 1 million inhabitants of Helsinki (age>=65)
Cardiovascular mortality

Respiratory mortality

Cardiovascular mortality

Respiratory mortality


	1.016 (0.907-1.138)

0.896 (0.716-1.122)

0.997 (0.889-1.18)

1.062 (0.811-1.391)

Summary: 
1.011 (0.892-1.146)

	Summary estimate

Fixed effect
	Based on 4 estimates
	
	1.024 (1.008-1.041)


*The health endpoint of the study of Forastriere is out-of-hospital coronary death. ** The health endpoint of the study of Kettunen is stroke mortality (ICD 10 I60-I61, I63-I64). UFP estimates are expressed for an increase in 10,000 particles/ cm3. Only the bold study estimates has been used in the meta-analysis. 
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