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Corrigendum to the report ETC HE 2023/7, published\z&ember2023

In the ETC HE Report 2023/7: Health Risk Assessment of Air Pollution: assessing the environmental
burden of disease in Europe in 2021, published on 22/11/2023
https://www.eionet.europa.eu/etcs/etehe/products/etche-products/etche-reports/etc-he-report-

2023 7-healthrisk-assessmenbf-air-pollution-assessinghe-environmentatburdenof-diseasein-
europein-2021/etche-report-20237-versionl-published22-november-2023 an error occurred in

the modelling of the causspecific burden of disease estimates for ischaemic heart disease (IHD)
related to longterm exposure to PM2.5. For this riskitcome pair, this led to incorrect results for
absolute attributable deaths (APyears of life lost (YLL) and disabiéifjusted life years (DALY) and

their rates per 100 000 inhabitants. This applied both to the individual countries considered and to the
aggregated values for Europe/all countries.

Following a correction of the calculation model, changes have been made to the original text, in
particular in Sections 4.1.4 and 4.4, to the figures, in particular Figures 4.4 and 4.10, and to Annex
Tables A2.13, A2.14 and A216.
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Summary

The European Environment Agency and the European Topic Centre on Human Health and the
Environment (ETC HE and its predecessors) have produced environmental burden of disease (EBD) air
pollution assessments for almost a decade. These assessments, also kmilwrow as health risk
assessments (HRA) of air pollution, offer an objective and comparable estimate of the burden of
disease due to air pollution at the country and European level since 2014. The burden of disease
presented in this report expands frothe work presented in previous Eionet reports on HRA. The
estimates presented here include-akhuse mortality and causspecific mortality and morbidity health
outcomes, with ten risloutcome pairs considered for the causpecific estimates. Aligning use

specific mortality and morbidity allows assessing the overall impact on human health based on a
common indicator, disabilitadjusted life years (DALYS), and the respective shares contributing to the
population mortality and morbidity effects companagily across European countries. The work done

to prepare this report also focused on creating a glossary of the terminology used for the EBD, leading
to changes in how the EEAETC HE conveys the message about the extent of disease caused by
environmentalrisks such as air pollution and helps to streamline the terminology and communication

of results with other studies such as the Global Burden of Disease studies. Regardless, the methodology
has stayed the same to estimate burden of disease indicatorsalgdeadopted the term attributable
deaths (AD) instead of premature deaths.

This report estimates the EBD related to air pollution in 2021. The estimations differentiate the EBD of
the individual pollutants and make use of the air quality maps produced bt HE. These maps

are a product of data fusion based on the validated monitoring data reported by EEA Member States,
modelling data and other supplementary information. The estimates consist-chadle and cause
specific mortality indicators (attributdé deaths (AD) and years of life lost (YLL)), capseific
morbidity indicators (years lived with disability (YLD) and attributable hospitalisation cases), as well as
(causespecific) disabiliadjusted life years (DALY) related to exposure to fine particulate matter
(PMs), nitrogen dioxide (N€), and ozone (€), both for the 27 Member States of the European Union
(EU27) and for additional 14 European countries (Albania, Andorra, Bosnia and Herzegovina, Iceland,
Kosovo under UNSCR 1244/99, Liechtenstein, Monaco, Montenegro, North Macedonia, Norway, San
Marino, ®rbia, Switerland, and Turkiye). Turkiye is not included in the case ofsPa&4 there was
insufficient monitoring data to support the mapping production in the country with the required
quality.

In 2021, longerm exposure to concentration levels above the 2021 World Health Organisation air
quality guideline levels (5 pg/m3 for BMand 10 pug/m3 for Ng) resulted in 293 000 AD from -all
causes related to PM2.5 and 69 000 related to.Nhere were 27 000 AD related to shtetm
exposure to @(annual sum of daily maximum runningh8verage concentrations over 35 ppb). For
EU27, the AD were estimated at 253 000, 52 000 and 22 000, respectively. When considering both the
number of deaths and the aga which it occurs, the YLL (YLL per 100 000 inhabitants) is 2 936 000
(618) for longterm exposure to Pis and 740 000 (132) to NQand 299 000 (54) due to shdagrm
exposure to @ For EU27, YLL (YLL per 100 000 inhabitants) are 2 584 000 (584), 532 000 (120), 234
000 (53), respectively. When comparing ldegn exposure, both altause and causgpecific
analyses point to Ph as the pollutant with the strongest health effects. The casgecific estimates
resulted in 2 30 442DALY for all countries or2B4 842DALY for the EU27. The burden attributable

to NOQ was considerably lower, with 634 721 DALY and 403 788 DALY in all countries and in the EU27,
respectively. Looking at the single disease entities, ischemic heart disease contributed the most to the
overall burden of P, with 741 383DALY in all countries a®@8 979DALY in the EU27. The lowest
burden was related to asthma (children), with 25 932 and 23 969 DALY within all countries and the
EU27, respectively. For W@he highest disease burden was associated with diabetes mellitus (314
574 DALY; EU27: 197 031 DALY) and the lowest with asthma (adults) (all countries: 115 425 DALY;
EU27: 62 460 DALY). No corresponding indicators were calculateel jeet@hortterm exposure to

O; was associated with 15 986 attributable hospital admissions in the selected European countries.
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When comparing the results, it is important to note that different age groups (i.e., children, adults, and
elderly) were considered in the estimates according to the relevant concentreggponse functions.
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1 Introduction

Burden of disease describes the impact of a health outcome (e.g., a disease) on a population's health.
It can be measured by different indicators, such as mortality, morbidity and costs. An Environmental
Burden of Disease (EBD) assessment uses a systapat@ach to estimate the share of the disease
burden that can be attributed to exposure to an environmental risk factor, such as the exposure of a
population to air pollution.

The European Environment Agency (EEA) and the European Topic Centre on Human Health and the
Environment (ETC HE and its predecessors) have produced EBD assessments of air pollution for almost
a decade. These assessments, also known as health risk asses@iAfeA) of air pollution, offer an
objective and comparable estimate of the burden of disease due to air pollution at the country and
European level since 2014. The estimations differentiate the EBD of three individual pollutants, fine
particulate matter(PM.s), nitrogen dioxide (N, and ozone (€) and make use of the air quality maps
produced by the ETC HE (e.g., ETC HE, 2023). These maps are a product of data fusion based on the
validated monitoring data reported by EEA Member States, modelling data and other supplementary
information. These EBBssessments have focused on the risk otaillse natural mortality due to
exposure to outdoor air pollution. Adlause natural deaths are classified by thgernational
Classification of Diseases, Tenth RewiglCB10), an alphanumeric classification that contains codes

for diseases, signs and symptoms, abnormal findings, social factors and external causes of mortality or
morbidity, asthe number of deaths excluding the ones due to accidents and a group of unspecified
coded deaths (ICD 10 Codes RO p a{ 8YLIi2YaX &aA3dya FyR Foy2NYIf
y2i St aSsKSNB Of I axauFeAnStiral mottalitg WiBeYrefeyfet do ag aftausel f f
mortality. Until now, the focus has been onortality health outcomes rather than morbidity since
mortality generally captures a large share of the burden of disease. In addition, there was better
availability and quality of mortality data from death registries than morbidity data.

Up to 2021, the assessments were based on the World Health Organisation (WHO) recommendations
in the HRAPIE report (WHO, 2013) to estimate thealke mortality risk of exposure to outdoor air
pollution in Europe. These assessments focused on estim@atimgnortality indicators: attributable
deaths (AD) and years of life lost due to death (YLL). In 2022, the estimation of attributable mortality
followed the updated WHO Air Quality Guidelines (AQG) (WHO, 2021a). The AQG previdiatep
health-based guidline levels for major healtdamaging air pollutants and updated recommendations

on a concentratiorresponse function (CRF) in relation to a critical health outcome for a relevant
average time. Our EBD considers the heblised guideline levels for BMand NQ as the
concentration values above which are estimated to have an impact (counterfactual concentrations) as
WHO considers that exceeding the recommended heladtbed guideline levels will carry substantial
risks to human health. The Eionet repof@EHE 2022/10 (ETC HE, 2022a) assessed the sensitivity of
the mortality outcomes estimation to these new CRF and counterfactual concentrations by comparing
them with the ones previously used, i.e., those based on WHO (2013). The study concluded that
changhg assumptions on CRFs and counterfactual concentrations have implications for estimating the
two mortality health outcomes.

The year 2022 also marks an expansion in the assessment, as the burden of disease for morbidity
related health outcomes was estimated for the first time and made publicly available in the Eionet
report ETC HE 2022/11 (ETC HE, 2022b) and the correspoloingrigfing (EEA, 2022). Although
assessing the burden of disease considering only mortedipgures an important share of the burden

of diseasdGBD 2019 Risk Factors Collaborators, 202)es not capture the comprehensive impact

of diseases and risk factors on population health (Pifarré i Arolas et al., 2021; Plass et alSt20ie)

show that ambient air pollution is associated with several acute and chronic conditions associated with
air pollution exposure. For instance, the results of the Global Burden of Disease (GBD) 2019 study (GBD
2019 Diseases and Injuries Collaborators 2020) clearly indicate that, for certain outcomes, the share of
morbidity is not negligible. Even forsgiases with high mortality burden, such as lung cancer (LC),
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ischemic heart disease (IHD), and chronic obstructive pulmonary disease (COPD), the share of
morbidity in Western Europe was estimated at 1.4, 5, and 36 %, respectively (IHME, 2022).

Considering the evidence of the aggravation of chronic conditions due to air pollution and the
improvement of the health data related to morbidity, the Eionet report ETC HE 2022/11 (ETC HE,
2022b) describes the methodological approach used. Also, it grsvidformation on the evidenee

base for the association between air pollutants and health outcomes, health data and concentration
response functions. It considers a wide range of morbidity health outcomes associated with different
outdoor air pollutants inEurope, using a consistent methodology and data from European health
databases. The assessment considered teraugkome pairs, but the results showed that the highest
morbidity in Europe is related to the burden of disease for. Padtsociated with COPD, for hi@e
highest morbidity burden resulted from diabetes mellitus (DM) and for stesrh O; exposure from
hospital admissions due to respiratory diseases, which in casgved$the only considered morbidity
outcome.

Lastly, the work done to prepare this report focused on creating a glossary (see Annex 3) of the
terminology used for the EBD, leading to changes in how the EE& HE conveys the message about
the extent of disease caused by environmental risks suelir a®llution. In addition, the new wording

is intended to help streamline the terminology and communication of results with other studies, such
as the GBD 2019 stud@BD2019 Diseases and Injuries Collaborators 2020. We have adopted the
terminology EBDnstead of HRA, as the latter is a more complex assessment process typically
beginning with a problem formulation, followed by hazard identification, hazard characterization,
exposure assessment and risk characterization (WHO, 2021b). We also adopteahttatributable

deaths (AD) instead of premature deaths. Methodologically, a premature death is defined as a death
occurring before a person has reached an expected or normatively set limit to life. When using the
concept of remaining life expectancy, @sne in these EBD assessments, every death is premature,
even if occurring at ages over 95 years. Regardless of these changes in terminology, the methodology
has stayed the same to estimate the burden of disease indicators.

This report presents the burden of disease due to air pollution associated withwadle mortality and
causespecific mortality and morbidity outcomes. It builds on the work presented in the previously
mentioned Eionet reports ETC HE 2022/10 (ETC HE, )2@62da2022/11 (ETC HE, 2022b) and
complements the burden of disease assessment by providing results using the disaljilgied life

years (DALYs) as a summary measure of population healticauskk estimations consider the CRFs
estimated in epidemiolgical studies referenced in the WHO AQG (WHO, 2021a). -Spesiic
estimations use mostly CRFs from the European ELAPSE project (Effectd evélotir Pollution: A
Study in Europe) that includes some of the most recent studies on the health effémtsait pollution

levels by examining associations between exposures to relatively low levels of air pollution across
Europe, including levels below tloeirrent EU standards. Both calculation approaches used the AQG
annual values recommended by (WHO, 208t PMsand NQ and maintain the WHO (2013) foe.O

as counterfactual concentrations. Section 2 briefly describes the methodological approach to
estimating the burden of disease for-ahuse mortality and causgpecific morbidity and mortality.

We present burden of disease estimates for-BMNQ, and Q ambient concentration levels across 40

or 41 European countries in 2021 for-edluse mortality in Section 3 and combined caspecific
mortality and morbidity in Section 4. Section 5 discusses iffierences between estimating athuse
mortality and causespecific mortality and morbidity and the combination of the two. Section 6 lists
other considerations about the present analysis and further work on the EBD presented by the EEA
ETC HE. The consilons are laid down in Section 7.
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2 Estimation of health outcomes

EBD (or HRA) assesses a specific health outcome or a set of health outcomes irpamilation. In

the present EBD, the risk of mortality or morbidity in a population due to exposure to air pollution is
represented by the CRF, which is based on Relative Risk (RR), hazard ratios (HR), or odd Ratios (OR)
estimates derived from epidemiological studies. The nature of these epidemiological studies differ in
how to quantify the risk/or chance of having an oute® after a certain exposure, comparing an
exposed group against a non or loweposed group.Blortality or morbidity due to air pollutin can

be quantified by combining pollutaftependent CRF with ambient air quality data, population data,

and the baseline frequency of the health outcome, such as the number of death cases or the
prevalence of a disease (demographic data per country,agksex).

In this assessment, the population health impact attributable to exposure tasPNOG, and Qin 41
European countries (the 27 EU member states (EU27), Albania, Andorra, Bosnia and Herzegovina,
Iceland, Kosovo, Liechtenstein, Monaco, Montenegro, North Macedonia, Norway, San Marino, Serbia,
Switzerland, and Turkiye (only for N@nd Q)) is quantified in terms of four burden of disease
indicators:

1 Number of attributable deaths (AD)a death which is statistically attributable to exposure to
a risk factor, e.g., PM. The attribution is based on the evidence from studies for the causal
link between a risk factor and the health outcome leading to death. In previous EBD
FaaSaaySyidazs GKS GSNY GLINBYIl GdzNE RSIGKE g1 &
used since th beginning of the EBD calculations and to be aligned with the terminology used
in the zero pollution action plan under the European Green Deal (EC, 2021). However,
methodologically, a premature death is defined as a death occurring before a person has
reached an expected or normatively set limit to life. When using the concept of remaining life
expectancy, as done in the EEAC HE analyses, every death is premature, éwaturring
at ages over 95 years.

1 Years of life lost (YLLijneasures the years lost due to death before reaching a specifically
selected life expectancy value. The YLL per 100 000 inhabitants is also used in this report as an
indicator to be comparable across countries.

1 Years lived with disability (YLDJneasures years of life lost due to living in a state of reduced
overall health. The YLD per 100 000 inhabitants is also used in this report as an indicator to be
comparable across countries.

1 Disability-adjusted life years (DALY@n indicator of the burden of disease, which counts
losses of healthy life years resulting from a disease or attributable to a certain risk factor. The
DALY combines the populatidiased mortality (YLL) and morbidity (YLD) effects and is a
widely used summary measure of population health. It is used to compare the population
health impacts of diseases, injuries and risk factors and is the sum of YLL and YLD. The DALY
per 100 000 inhabitants is also used in this repataa indicator to be comparable across
countries.

2.1  Methodology

The ETC/ATNI Report 2019/13 (ETC/ATNI, 2019) and references therein describe the steps to estimate
the mortality-related indicators, and the ETC E2BZ2b report describes the causspecific morbidity
calculation Since it is not the focus of this report, a summary of the methodology is found in Annex 1.

At the same time, Section 2.2 describes the input data and preparatory steps for the estimations
presented in this report on the burden of disease related tecallse mortality and combined cause
specific mortality and morbidity.
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As underlined by the ETC HE reports (ETC HE, 2022a and 2022b), there are differences in the
methodology to estimate atause mortality and causspecific mortality or morbidity burden of
disease. The burden of disease based omallsemortality is estimated on a 1x1 khgrid using
concentration and population density maps (see Section 2.2.1)e3timation at the grid cell level is

then aggregated to obtain the health outcomes at the country and, e.g., EU27 level. In the case of
causespecific morbidityand mortality, thepopulation exposure for an individual country is estimated

for specific concentration classes using the concentration and population density maps in a21x1 km
grid resolution andthen aggregated tdarger areas. The population data and the counterfactual
concentrations to estimate the risk are the same, independent of the calculation approachusé

or causespecific). However, there are different estimations between the two approaches based on
stratified data by year, differing agetervals, and sex. Furthermore, different age groups, e.g., total
population or adults over 30 years, are considered. These differences are explained in Section 2.2.

Two important aspects of the estimations need to be stressed. One is the shape of the risk function for
the different pollutants considered here. The latest review by Chen and Hoek (2020) states that most
of the studies analysed showed a linear or suigmaar relationship between the PMlevels and the
respective health outcomes. Huangfu and Atkinson (2020) indicate that few studies have investigated
the shape of the CRF, with the studies available pointing to a linear relationship between concentration
and health outcomes for NOA lesser degree of investigation o Was done, and no conclusions
were drawn. However, the WHO AQG (WHO, 2021a) has not recommended changes in the shape of
the function for risk calculation for any of the pollutants discussed here. Thus, here, we assume a linear
increase in the risk of morlig&y of x% for a yug/m?® increase in concentration. For instance, the all
cause mortality risk due to PMexposure increases by% for a 1qug/m? increase in Pis annual

mean concentrabns when considering the 2021 WHO AQG recommendations.

The second aspect is that quantifications of health impacts for these air pollutants are done
individually, and they cannot be added together, as they exhibit some degree of corralapositive

or negative. For example, HRAPIE (WHO, 2013) suggestaatitting the alcause mortality results

for PMsand NQ may lead to a double counting the effects (overlap of up to 30 %).

2.2 Input data and preparatory steps

This section describes the input data and preparatory steps to estimate the EBD attributable to PM2.5,
NO2, and O3 pollution, individually for each pollutant, in Europe in 2021.

2.2.1 Ambient air concentrations

The ETC HE produces concentration maps with annual statistics of the relevant pollutant metrics for
2021: annual mean for PMand NQ, and SOMO35 and SOMO10 fer &®OMO is based on the annual

sum of daily maximum runningt8average concentrations over a certain threshold, i.e., over 35 ppb
(SOMO35) or 10 ppb (SOMO10). These maps are created on a ixftidkmesolution for the 41
countries included in the assessment (40 in the case ofsPdhce Turkiye is excluded due to lack of
sufficient PMs baclground stations to produce the map). The maps are produced based on a data
fusion combining monitoring data from rural and urban background stations fasFRDj and NQ and

urban traffic station data for N&and PM s, with results from the Copernicus Atmosphere Monitoring
Service (CAMS) Ensemble and other supplementary data, such as altitude, meteorology, and
population density. All the data supporting the Regressitmterpolation¢ Merging Mapping (RIMM)

refers t02021. The ETC HE Report 2023/7 (Eionet Repdr€C HE 2023/7) includes the analysis of the
latest maps available, including the associated uncertainties. The overseas territories such as Madeira,
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Azores, Canary lIslands, French Guiana, Guadeloupe, Martinigue, Mayotte, and Réunion are not
included in the concentration maps and, therefore, excluded from the EBD calculations.

In the case of causspecific estimations, the mean value of the egrils falling into specific exposure
intervals was used to assign the exposed population, as described in ETC HE (2023), for estimating the
population exposure in Europe. The assignmaentione to a specific concentration within the set
intervals: 1 pg/ms3 intervals for PMand NQI yy dzl £ O2 y OSy (i NlJinkdaydnierval y R |
for SOMO35. Furthermore, as a preliminary step, the SOMO35 exposure values (annual sum) were
converted nto daily mean values (ETC HE, 2022a).

For both allcause and causspecific estimations, it was assumed that population exposure did not
differ by age group.

2.2.2 Population, demographic and health data

Different datasets are used for estimating the health indicators, depending on the purpose. Most data
is available from the Eurostat database, which provides-tjigility European statistics. However, it is
important to highlight that although it is not ghmost substantial parameter contributing to the
uncertainty of the estimations (ETATNI, 2020), there are uncertainties in the population,
demographic, and health data due to statistical products and processes, and the data completeness
depends on the aailability of the raw data transmitted by the National Statistical Offices (ESS, 2012).
Many countries report data with two or more years of delay or do not report at all, in which cases
using a gagilling methodology is required. The need for gdling is not optimal and may add extra
uncertainty that cannot be quantified. However, it is important to stress thatfilpg is needed to
provide results for each country included in the assessment.

Population

The population density distributed in a 1x1 km2 grid resolution is required to estimate thausik
mortality. The density maps are created based on the GEOSTAT 2011 dataset (Eurostat, 2014) and
scaled as proposed by the EATNI (2020), considering thetal population data available country

wise from Eurostat (Eurostat, 2023a) to make it as consistent as possible with the population
distribution in 2021. The scaling also accounts for excluding overseas territories in the mapping and
including Greek andurkish Cypriots in Cyprus population data by the GEOSTAT 2011. How the data
was used, and the necessapilling of missing information is thoroughly explained in Annex 1.

For causespecific mortality and morbidity, population data were used to calculate the number of
death and disease cases based on the mortality and prevalence rates of the respective health
outcomes. Population data for 2021 per country, stratified bye#r age intervals and sex, were
available from EurostaEurostat, 2023b)However, filling in the gaps in tmissing information was
necessary for several countries, years, and age grolipsse procedures are carefully explained in
Annex 1.

There is a slight difference between the preparatory steps fecalke mortality and causspecific
mortality and morbidity for population totals. The total population used for cagygecific estimations

is based on the Eurostat population data. Howetteg,population for France, Spain and Portugal have
not been corrected for the population in the respective overseas territories, nor has the northern
Cypriot population been added to the overall population of Cyprus, as it was done in the case of all
cau® mortality estimations. However, these corrections were enabled for the estimation of the
population exposure. These corrections resulted in slight differences in the population totals between
the burden of disease and exposure estimates. Still, the twaicty range introduced by this step is
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marginal compared with other more decisive parameters, such as the choice of the CRHETC
2020). Further, when estimating rates per 100 000, the total population was used as the denominator
in the allcause mortality approach. For the cawsaecificapproach, only the population at risk (e.g.,
population over 25 years of age) was used to estimate the rates per 100 000.

Demographic and health data

Regarding demographicsata stratified by year, sex, and age groups are neededHercause of
death, the number of natural deaths, and life expectancy to calculate the burden of disease
estimations Eurostat compiles information on the number of deaths per cause (Eurostat, 2023c), total
number of deaths (Eurostat, 2023d), and life expectancy (Eurostat, 2023e).

For allcause mortality analyses, the number of natural deaths witkyadr interval is estimated based

on the interpolation of the ratio between atlatural deaths and all (natural + external) causes of death,
described in 5/ear intervals, and data onéhtotal number of deaths given with aykar interval. After

this operation, mortality data is aligned with life expectancy data. The life expectancy is then
extrapolated for ages above 85, using regression on life expectancy data for age groups 7®

reflect all age groups available for mortality data (up to 95+). How the data was used and the necessary
gapfilling of missing information is thoroughly explained in Annex 1.

For the causespecific analyses, ontality data stratified by year, sex, age groups and cause of death to
calculate AD and YLL was obtained from the Eurostat datgBEasestat, 2023c)Only the morbidity
component was calculated for hospital admissions due to respiratory diseases. Therefore, no mortality
data were needed for this outcome. We have used pihevalencebased approach to estimate the

EBD Therefore, we have used condition outcomsigecific prevalence data from different sources. For
asthma (adults), COPD, DM, and stroke, we used data from the European Health Interview Survey
(EHIS, Eurostat (2023f)). Since EHIS does not provide prevd#aa asthma for children under 15
years of age, we used data from the GBD 2019 st@@/¢019 Diseases and Injuries Collaborators 2020Q).

Data on lung cancer were obtained from the International Agency for Research on Cancer (IARC, 2020).
Hospitalization data were also obtained from Eurogtatirostat, 2023g)The data were stratified by

sex and different age groups (EHIS:755 years, at 1§ear intervals; GBD 2019 study: 85+ years,

at 5-year intervals; IARC:-00+ years, at-year intervals; Eurostat: 095+ years, at-fear intervals).
Additionally,it should be noted that in the GBD 2019 study and IARC, prevalence data on childhood
asthma and lung cancer were presumably reported for Serbia including Kosovo. However, the derived
rates were applied for both countries individually. More details on piievalence data and the
selection process can be found in ETQ2022b) An overview of the health data sources for cause
specific mortality and morbidity is presented in Table 2.1.

Table2.1: Health data sources for considered outcomes (mortality and morbidity)

Health outcome Data sourceq) ICD10 code Explanation Remarks

Mortality (causes of

death)

Asthma (children, adults Eurostat J4546 Asthma _and status Registerbased
' asthmaticus

COPD Eurostat J4d44 and cher lower respiratory Registetbased

Ja7 diseases
DM Eurostat E1014 Registerbased
IHD Eurostat 120-25 Registerbased

Malignant neoplasm of

LC Eurostat C3334 trachea, bronchus and lung

Registerbased

Stroke Eurostat 160169 Cerebrovascular diseases Registerbased
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Health outcome Data sourceq) ICD10 code Explanation Remarks

Morbidity (prevalence)

Asthma (children) GBD study J4546 Modelled

Asthma (adults) EHIS J4546 Allergic asthma included Selfreported
Chronic bronchitis, chronic

COPD EHIS 32344 and obstructive pulmonary Selfreported

disease, emphysema

Type 1 and 2 diabetes

DM EHIS E1014 (gestational diabetes Selfreported
excluded)

Hospital admissions for The data describe hospital

respiratory diseases (in Eurostat J0G99 discharges per 100 000

patients) P) inhabitants

Coronary heart disease or

IHD EHIS 120-25 . .
angina pectoris

Selfreported

LC IARC C3334 Lung cancer cases Register based

Cerebral haemorrhage,
Stroke EHIS 160-69 cerebral ischaemiar Selfreported
chronic consequences of

stroke

® GBD 2019 study: Data for Serbia included data for Kosovo, IARC: data for Serbia presumably included
data for Kosovo, EHIS: data for Serbia excluded data for Kosovo, EUROSTAT: data for Serbia excluded
data for Kosovo.

® It was assumed that hospital admissions can be approximated by hospital discharges.

Gountry-specific prevalence data, in particular, but also mortality data, were not always available for
the reference year (2021). In these cases, the two previous years were considered, and the data of the
most recent year was selected. Based on these slaits, corresponding mortality and prevalence rates
were calculated, and it was assumed that these would also apply for 2021. For some European
countries, neither prevalence nor mortality data were available for the two previous years. In these
cases, we sed data from neighbouring countries as proxies to fill in the gaps. In some cases, data from
the GBD 2019 study was also used to compare mortality or prevalence rates between countries as an
indicator for the fit of the proxy country. In the case of haabadmissions for respiratory diseases,

for example, Romania was chosen as a rough proxy for Bulgaria and Greece. Due to geographical
proximity, Romania was also chosen as a proxy for Turkiye. However, the rates for Turkiye were
considerably underestimate Table A1.3 shows which countries had missing health data and which
countries were used as proxy for ghlting.

Life expectancy data in alhuse mortality estimations are stratified byy&ar age intervals and sex to

fit the population data available from Eurostat. However, since the capseific mortality data for

the respective outcomes were mainly availablé&ipear age groups, the data on life expectancy had
to be recalculated for the causspecific approach. The basis for this was the processed life expectancy
data stratified by age and sex-{00+ years in year intervals), also used to calculate thecallise
mortality estimates. We then used the tool provided by the WHO to calculate abridged life
expectancies (WHO, 2001) based on an interpolation of siyegelife expectancy values between the
beginning and end age of an agmup. However, for some catries, singleyear life expectancy
values were not available. For Turkiye, data from 2019 were used as a proxy for 2021. For the remaining
countries without data on singlgear life expectancy values, YLL rates from selected neighbouring
countries were ued to estimate the missing life expectancy values (Table A1.3). When interpreting
the results, it should be kept in mind that the COXtBDpandemic might have introduced reductions

in life expectancies in Europe. However, as long as no final estimatbe changes are available, we
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keep the most recent published data as proxies. When new estimates on the capetrific life
expectancies are available, the upcoming years' analyses will include these changes.

2.2.3 Concentrationresponse functions and counterfactual concentrations

Here, we describe the CRFs and counterfactual concentrations used for the estimations et#usall
mortality and causespecific mortality and morbidity analyses for the reference year 2021. Foauade
analyses, the baseline cases are described gdisas sensitivity scenarios used to estimate the impact
of using different counterfactual concentrations on the magnitude of thealise mortality burden of
disease.

All-cause (natural) mortality

Table 2.2escribes the CRFs, including the corresponding values for the 95 % confidence intervals (CI)
and counterfactual concentrations for relevant averaging times, used to estimate the burden of
disease for altause mortality. The CRFs are based on the stigi€shen and Hoek (2020) for PM

and NQ, and by Orellano et al. (2020) fog, ®oth referenced in the latest WHO AQG (WHO, 2021a).
The estimation targets the loaAgrm effect of PMs and NQ exposure, based on annual means, and

the shortterm (acute) dfect of &, based on the annual sum of daily maximum runnidgarerage
concentrations above 35 ppb (or f@/m* SOMO35) divided by the number of days in a year. Thus,
the CRFs reflect loAgrm exposure to all pollutants except for,Qvhich describes acute exposure
(shortterm).

Table2.2: Concentrationrresponse functions (as RR per pollutant concentration increase) and
their associated 95 % confidence interval (Cl), and counterfactual concentrations
linking allcause mortality and exposure to PM2.5, NO2, and O3 used for the baseline
estimation and sensitivity analysis

Health RR per 10 Exposure Counterfactual concentration

Pollutant ug/m? .

outcome (95 % Cl) time Baseline | Sensitivity 1 | Sensitivity 2
All-cause 1.08 5 3 5
PMs (natural) (1.06- 1.09) year 5 pg/m 2.5ug/m O pg/m
mortality in
NO ages above 1 011-012 04 year 10pg/mé | 20ug/md 0 pg/m3
30 years old (1.01-1.04)
Allcause
(natural) 1.0043 i
© mortality in | (1.0034-1.0052)| 98 35 ppb 10 ppb
all ages

Table 2.2also reports the counterfactual concentrations (sensitivity 1 and 2) used in the sensitivity
analysis to understand how this variable affects the estimations. The rationales for choosing the
counterfactual concentrations described under sensitivity 1 aedsitivity 2 scenarios are the
following:

1 For PMus, the sensitivity 1 scenario considers Rdfm?® and the sensitivity 2 scenario considers 0
ug/mé. The first value has been considered in prior assessments in the sensitivity analysis, e.g.,
ETC/ATNI (2021), because 2.5 phimas the lowest average background concentration level
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observed in Europe (ETC/ACM, 2017) and the minimum observed exposure concentration in
several epidemiolocal studies (Brauer et al., 2022; WHO, 2021a). The sectrehasnsidered

a counterfactual concentration in the past EBD estimations (until 2021) because the HRAPIE report
(WHO, 2013) indicates that the quantification of lelegm impacts "should be calculated at all
levels of PMs'. Furthermore, the Brunekreef et al. (2021) study points to no evidence of a
minimum concentration below which no effect is expected. However, the level of evidence for RRs
at very low concentration levels is not based on a large number of epidemiolsgjickés and

thus should be irgrpreted with caution.

1 For NQ, we consider the counterfactual concentration of 20 pé@/mbased on the
recommendations othe HRAPIE report (WHO, 2013), as the counterfactual concentration in the
sensitivity 1 scenario. Sensitivity scenario 2 considers all concentration levels harmful to human
health. Here, the same level of caution should be applied as for the comparablesBdmhario

1 For G;, SOMO10 is still used as a sensitivity threshold, as recommended in HRAPIE (WHO, 2013).
SOMO10 is based on the annual sum of daily maximum runrinav@rage concentrations above
10ppb (or 20ug/md).

Causespecific mortality and morbidity

Table 2.3ists the selected CRF, including the corresponding values for the 95 % CI and characteristics
for the respective risloutcome pairs. The same CRFs were used for the morbidity calculations as in
the report ETC HR022b) The only exception was the newly selected effect measure from Yang et al.
(2020)for the associations between the prevalence of type 2 diabetes mellitus (T2DM) angoPM

NG. The function of P in relation to T2DM incidence was used in the impact assessment of the
accompanying analyses for the draft of the proposed new EU Air Quality Directive by the European
Commission (EDGE, 2022). Compared to the analyses irefh€ HEeport (2022b) this new selection
allowed for harmonising the age groups considered for DM with the analyses for most other outcomes,
now only calculating the burden of disease for the population aged 25 years and over. Generally, the
CRFs derived in the European EIEAP®ject were used whenever possible. No specific CRF for the
association with asthma mortality was identified, neither for children nor adults. We used the same
CRF for the asthma morbidity calculations in each case as an approximation. However, asigasthm
less likely to lead to death, it can be assumed that this approach may lead to an overestimation of the
corresponding burden of disease. Regarding LC mortality, the selected CRF for an association with
PM:s by Chen and Hoeg2020)was based on a broader disease code list (ICD1€8@B0n contrast,
collected health data on the CRF for morbidity referred only to ICD10 codeS4C88 C33,
respectively. This might lead to overestimating the respective moriedigted burden of diease

results. It should also be noted that the selected CRF for the association betwegnaR#1IHD
morbidity was norsignificant(Wolf et al., 2021)The reader should be aware of this limitation and the
resulting reduced robustness of the results in that particular case.
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Table2.3: Selected CRF for mortality and morbidity rigkdzi O2 YS LI ANBR o6 3S 3INER dzL
unless otherwise stated)

Pollutant Outcome Effect measure9 Increment Counterfac Reference
(95 % CI) per unit tual
(> 3Py concentrat
ion
Mortality
PMs Asthma HR: 1.03 (1.01.05) 1 p >9371 " (Khreisetal,
(children, < 15) 2017)
DM HR: 1.32 (1.14.51) 5>g-m?® ELAPSEStrak et
5
al., 2021)
COPD HR: 1.131 (1.002.278) 5>g-m?® ELAPSEStrak et
5
al., 2021)
IHD HR:1.11 (1.08.17) 5 5>g-m? ELAPSEStrak et
al., 2021)
LC RR: 1.12 (1.01.16) 10 p >31 " (Chenand
Hoek, 2020)
Stroke HR: 1.13 (1.08.21) p >31 " ELAPSEStrak et
5
al., 2021)
NO Asthma HR: 1.17 (1.10.25) 10 10>g-m®  ELAPSH.iu et
(adults 15) al., 2021a)
DM HR: 1.24 (1.11.38) 10 mn 3231 ELAPSEtrak et
al., 2021)
Stroke HR: 1.07 (1.01.13) 10>g-n®  ELAPSEStrak et
10
al., 2021)
Morbidity
PMs Asthma HR: 1.03 (1.01.05) 1 5>g-m? (Khreis et al.,
(children, < 15) 2017)
COPD HR: 1.17 (1.08.29) 5 5>g-m? ELAPSH.iu et
al., 2021
IHD HR: 1.02d.951.10) 5 p >91 ' ELAPS@ENoIf et
al., 2021)
LC HR: 1.13 (1.08.23) p >91 " ELAPSE
5 (Hvidtfeldt et
al., 2021)
Stroke HR: 1.10 (1.01.21) 5>g-m? ELAPSENOIf et
5
al., 2021)
T2DM®) OR: 1.08 (1.04.12) 10 5>g-m?® (Yang et al.,
2020)
NG Asthma HR: 1.17 (1.10.25) 10 10> 31 Y ELAPSHiu et
(adults, 15) al., 2021a)
Stroke HR: 1.08 (1.04.12) 10 mna >33 1 ELAPSENoIf et
al., 2021)
T2DM?®) OR: 1.07 (1.04.11) 10 10>g-m®  (Yangetal,
2020)
Gs Hospital RR: 1.0044 10 35 ppb HRAPIEWHO,
admissions  for (1.00071.0083)f) 2013)

respiratory
diseases (adults
65)
(® For morbidity, the effect measure refers only to type 2 diabetes mellitus (T2DM), in contrast to mortality,
which also includes type 1 diabetes.
(®) The effect measure is defined as a percental increase in hospitalisations, and the coefficient is adjusted for
PMuoin the two-pollutant model.
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(©) Effect measures quantify the strength of the association between exposures and outcomes. Hazard Ratios
(HR), Relative Risks (RR) and Odds R&@&iR®@re used in different types of epidemiological studies to quantify

the risk/or chance of having an outcome after a certain exposure, comparing an exposed group against a non or
lower-exposed group.

The YLDs are estimated by multiplying aged sexspecific number of cases (prevalence) by a
disability weight (DW), indicating the severity of a disease on a scale from 0 (full health) to 1 (most
severe health state equivalent to death). As describedTi@ EHE2022b) the outcomespecific DW,
stratified by sex and age groups, was derived from data from the GBD 2019(&B&y 2019 Risk
Factors Collaborators, 2028y dividing the YLD by the number of prevalent cases of the respective
diseases. We have not used coungpecific DW because we do not expect any significant differences
across Europe. Since counspecific DW calculation would be very timmensuming ad DW should

not vary significantly across Europe, we use the WHO European Region as the geographical reference
for the DW estimation.

3 All-cause mortality outcomes

The population mortality attributable to exposure to RMNQ, and Q concentration levels in 2021

in Europe is estimated based on the CRFs recommended by the WHO AQG in 203ablé&s2a. The
counterfactual concentrations are 5 ugil0 pg/nt and 35 ppb for Pk, NQ and Q, respectively,

with the two first being the same value as the guideline levels suggested by the same WHO AQG. The
estimations are presented for individual countries and aggregated areas (EU27, EEA32 and all
countries). Note thathe assessment is done for 41 countries, except fos PNMirkiye is not included

in the interpolated map used for calculating PMlue to insufficient background stationslap 3.1,

Map 3.2 andMap 3.3show the populatioaveighted mean concentration (panel A), the estimated
number of attributable deaths (panel B), and the YLL per 100 000 inhabitants (panel C) at the national
level for PMs, NQ, and Q, respectively. The YLL per 100 000 inhabitants is shown instead of YLL
because it exhibits the samestlibution as YLL but provides a comparable way to assess the impact of

a pollutant at the national level or across the yeafsable 3.1shows the total population, the
populationweighted mean concentrations, and the estimated number of attributable dedthble
3.2shows the YLL and the YLL per 100 000 inhabitants.

Panels A irMap 3.1, Map 3.2 andMap 3.3 on the populatioaveighted mean concentration, give an
overview of the concentration levels to which a population in individual countries is exposed. The
distribution of concentrations across the countries depends on the pollutant. However, typically, th
concentrations are lower in the northern European countries. The levels of 8\ NQ are higher

in the east than in western Europe, angcd@ncentrations are higher in the southern countries.

The exposure levels in 2021 resulted?2@3 000and 69000 deaths attributable to lonterm exposure
to PMes and NQ, respectively, and 27 000 attributable to shéetm exposure to @ For EU27, the
number of AD to longerm exposure to PMs and NQ are 253000 and 52 000, respectively, and
22000 are attributable to shorterm exposure to @ When considering the life expectancy, the
estimate points to 236 000 (618) YLL (YLL/100 000 inhabitants) due tetésngexposure to Py,
740 000 (132) due to lorgrm exposure to Ng) and 299 000 (54) due to sheadrm exposure to @
For the EU27, YLL (YLL/100 000 inhabitants) &84Q00 (584), 53P00 (120), and 23800 (53),
respectively.

The impact at the country level depends on if the outcome describes the impact at absolute levels,
such as the AD (or YLL), that considers the whole population, or in relative terms, i.e., when considering
YLL per 100 000 inhabitants. The outcomes canrdéffeseen iMap 3.1 Map 3.2 andMap 3.3 panels

B (AD) and C (YLL per 100 000 inhabitants). The latter is used to make a comparison across countries.
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For PMs 5, the largest absolute health impacts (over@D deaths) are estimated for France, Germany,
Italy, and Poland (the highest). When considering YLL per 100 000 inhabitants, the largest relative
impacts (over 500 YLL/10000 inhabitants) are observed iemtral and eastern European countries,
Montenegro, Serbia, Boshia and Herzegovina, and North Macedonia (the highest), where the highest
PMs concentrations are also observed. The smallest relative impacts are found in countries in the
north and nath-west of Europe, with the lowest being in Iceland, followed by Finland, Sweden,
Norway, and Estonia, all below 100 YLL/100 000 inhabitants.

The largest absolute impacts from exposure tod€ seen in Turkiye, followed by Italy and Germany,

all with more than 900 AD in each country. When considering YLL per 100 000 inhabitants, the highest
rates are found in Bulgaria, followed by Romania, Serbia, Cyprus and Turkiye, all with more than 200
YLL/10®00 inhabitants. The estimates point to a minor impact in Iceland and Liechtenstein, San
Marino, Monaco, Estonia and Malta, all with fewer than 10 or fewer deaths related to exposure to
NQG. The smadgst relative impact is found in Iceland, followed by Sweden, Finland, Estonia and
Denmark, all with less than 10 YLL/100 000 inhabitants.

Regarding @, the countries with the largest absolute impacts estimated are lItaly, followed by
Germany, Tlrkiye, France and Spain, all with more than 2 000 deaths associated leithl© The
countries with the highest rates of YLL per 100 000 inhabitants are Albania (the highest), Montenegro,
Bosnia and Herzegovina, Greece, and Kosovo, all with more than 100 YLL per 100 000 inhabitants. The
countries with the smallest number of dths related to @ exposure are the small countries
mentioned above, Icelandand Luxembourg; the countries with the smallest relative impacts are
Norway, followed by Iceland, Ireland, Finland, and Sweden, all with 20 or less YLL per 100 000
inhabitants.
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Map 3.1: PM2.5 populationweighted mean concentration (ug/m3) A), number of attributable
deaths (AD) (B) and years of life lost per 100 000 inhabitants (YLL rate) (C) due to long
term exposure to PM2.5 concentration levels in 2021 across Europe
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Map 3.2:  Populationweighted mean concentration (ug/m3) (A), number of attributable deaths
(AD) (B) and years of life lost per 100 000 inhabitants (YLL rate) (C) due tddamg
exposure to NO2 concentration levels in 2021 across Europe
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Map 3.3:
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Populationweighted SOMO35 concentration (ug/m3.days) (A), number of attributable
deaths (AD) (B) and years of life lost per 100 000 inhabitants (YLL rate) (C) due to
short-term exposure to O3 concentration levels in 2021 across Europe
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Table3.1: Attributable deaths (AD) related to PM2.5 and NO2 leteym exposure and O3 shott
term exposure in the EU27, the EEA32 and 40 (for PM2.5) or 41 European countries in

2021
PM2s NG Os
. Annual Annual

Country Population mean AD mean AD §OM(235 AD

(oo0) o v @) RN 6 > Fudags) (#)
Austria 8 933 9.9 3200 14.4 830 4599 470
Belgium 11 555 10.7 5100 15.7 1400 2229 310
Bulgaria 6 916 15.1 10 800 17.5 2 200 2 668 460
Croatia 4036 14.6 3800 12.6 370 5232 340
Cyprus 1241 14 630 23 240 8182 90
Czechia 10 495 13.5 8 500 13.1 930 3651 580
Denmark 5840 8 1200 7.3 40 2106 130
Estonia 1330 5.8 100 7.1 10 1849 30
Finland 5534 5 160 7.3 30 1597 110
France 65 504 9.4 20 100 12.7 4900 3302 2 400
Germany 83 154 9.4 32 300 14.7 9 500 2949 3300
Greece 10 678 15.9 10 000 18 2 100 7660 1100
Hungary 9731 14.4 10 400 15.5 1700 4 665 830
Ireland 5 006 7 460 8.4 60 1 866 70
Italy 59 236 13.9 46 800 17.8 11 300 6 149 5100
Latvia 1893 10.7 1400 9.9 130 1853 70
Lithuania 2796 11.4 2100 10.8 200 2 404 120
Luxembourg 635 7.4 80 14 40 2 380 10
Malta 516 11.6 190 10.3 10 6 649 30
Netherlands 17 475 9.7 5700 15.5 1 800 2312 430
Poland 37 840 18.1 47 300 13.7 4 200 3309 1900
Portugal 9797 7.4 2100 10.7 550 3473 460
Romania 19 202 14.3 19 600 18.6 4900 3001 1 000
Slovakia 5460 15.4 5400 12.4 390 3970 330
Slovenia 2109 12.2 1200 12.9 160 5450 140
Spain 45 229 9.5 14 100 14.8 4 600 4 688 2 300
Sweden 10 379 5.6 650 6.5 40 1976 220
Albania 2830 16.5 4 600 12.6 380 6 635 430
Andorra 78 8.6 20 17 10 2 496 <5
Bosnia and 3825 21.9 9000  12.8 550 5152 450
Herzegovina
Iceland 369 4.4 <5 6.8 <5 1924 <5
Kosovo 1798 16.4 2900 14.4 330 4932 200
Liechtenstein 39 8.1 10 14.8 <5 4 355 <5
Monaco 38 9.6 10 18.4 10 6917 <5
Montenegro 621 17.3 1100 11 60 5665 80
North 2 069 22.3 5000 149 400 4248 200
Macedonia
Norway 5391 5.8 400 8 90 1677 80
San Marino 35 11.7 20 13.5 <5 5303 <5
Serbia 6871 20.5 14 800 15.9 1 600 4 693 740
Switzerland 8 670 8.3 1700 14.2 580 4154 320
Tirkiye (TR) 83614 N/A N/A 26.2 13 000 5127 2 600
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PM2s NG Os
. Annual Annual

Country Population mean AD mean AD §OM(235 AD

wooo) [ v ® RGN 6 > Fudags) (#)
EU27 442 519 11.4 253000 14.4 52 000 3794 22 000
EEA32 (no TR) 456 989 11.3 255 000
EEA32 540 603 16.2 66 000 3984 25 000
All countries (no
TR) 475 154 11.6 293 000
All countries 558 768 16.1 69 000 4020 27 000

Notes: The annual mean is expressed as populati@ighted concentration and is obtained according to the methodology
described by ETC/ACM (2019ad references therein and not only based on monitoring data.

The values are rounded for individual countries and aggregates, depending on the metric: the population is rounded to the
nearest thousand; deaths are rounded to the nearest hundred ifnlimber is above 1,000 and to the nearest ten if the
number is below 1,000. The values for country aggregates are estimated by adding the original values for the individual
countries and then rounded. Here, ADs are rounded to the nearest thousand.

Table3.2: Years of life lost (YLL) and YLL per 100 000 inhabitants (YLL/105 inhabitants) related to
PM2.5 and NO2 longerm exposure and O3 shotterm exposure in the EU27, the
EEA32 and 40 (for PM2.5) or 41 European countries in 2021
PM2s NO. Os
Country w .YLL/lG v .YLL/lG; v I]Lr;g(f
#) inhab. (#) #) inhab. (#) #) *)
Austria 32 300 362 8500 95 4900 55
Belgium 47 200 409 12 600 109 3000 26
Bulgaria 99 800 1443 20 300 294 4400 63
Croatia 37 200 921 3700 91 3400 83
Cyprus 6700 536 2600 206 1000 82
Czechia 86 300 822 9500 90 6 000 57
Denmark 13 000 223 460 8 1500 25
Estonia 1100 84 100 7 380 28
Finland 1700 31 330 6 1100 20
France 214 200 327 52 700 81 26 600 41
Germany 333 000 400 98 900 119 36 000 43
Greece 98 000 918 20 800 195 11400 107
Hungary 112 400 1155 18 400 189 9200 94
Ireland 5500 110 800 16 850 17
Italy 415 400 701 100 300 169 46700 79
Latvia 14 300 755 1300 69 750 40
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PM2s NO. Gs
Country v .YLL/lG; w .YLL/l@ v Ill_tgtl)@
#) inhab. (#) #) inhab. (#) #) *)
Lithuania 21 800 779 2000 73 1300 48
Luxembourg 890 140 420 66 140 22
Malta 2200 426 110 21 350 68
Netherlands 59 000 338 18 300 105 4700 27
Poland 519 000 1372 45 700 121 21900 58
Portugal 20 700 211 5400 55 4600 47
Romania 213 300 1111 52 800 275 11500 60
Slovakia 57 900 1060 4200 76 3700 68
Slovenia 11 500 543 1600 74 1400 67
Spain 153 600 340 49 700 110 25400 56
Sweden 5900 57 370 4 2100 20
Albania 37 000 1308 3100 109 3600 127
Andorra 210 272 110 138 20 31
Bosnia and
Herzegovina 80 600 2107 5000 130 4200 109
Iceland 10 4 10 2 60 16
Kosovo 26 200 1459 2900 163 1900 104
Liechtenstein 90 233 40 95 20 49
Monaco 130 345 60 164 30 84
Montenegro 9600 1549 490 79 740 119
North Macedonia 43 800 2115 3500 169 1800 88
Norway 4100 76 900 17 810 15
San Marino 190 537 30 75 20 66
Serbia 133 200 1938 14 600 212 6 800 99
Switzerland 17 700 204 6100 71 3600 42
Tarkiye (TR) 171 500 205 41300 49
EU27 2584 000 584 532 000 120 234000 53
EEA32 (no TR) 2606 000 570
EEA3D 710 000 131 280 000 52
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PM2 s NO, Os

- YLL YLL/AG YLL Yie o YL YLLLG
ountry : : inhab.
#) inhab. (#) () inhab. (#)  (#) #)

All countries (ho TR) 2936 000 618
All countries 740 000 132 299 000 54

Notes:YLLs are rounded for every country, to the nearest hundred if the number is above 1,000 and to the nearest ten if the
number is below 1,000; for country aggregates, the rounding is done after summing the original YLL per country to the nearest
thousand; Y.L/100,000 inhabitants are based on the original unrounded YLL and total population and are rounded to the next
integer.

3.1 Sensitivity analysis

This section aims to indicate how sensitive the estimation of mortality indicators is to changes in the
counterfactual concentration and CRF.

AiadzYAy3da | O2yailyd atz2LIS 2F (GKS /wC 6i 0 FyR @I
the results will vary. For example, if the estimations assume a lower counterfactual concentration, the

estimation of mortality will be higher, i.e., a loweopunterfactual level implies that more of the
population will be at risk since the exposure will include a larger range of concentration levels.

We have recalculated the mortality indicators for the sensitivity analysis, assuming the CRF and
counterfactual concentrations describedliable 2.2. Table 3shows the AD for the aggregated areas,
andFigure 3.4PM2.5) Figure 3.§NO2), andrigure 3.§03) are the results for individual countries in
terms of thenumber of YLL per 100000 inhabitants

Table3.3: Results of the sensitivity analysis on the counterfactual concentrations in terms of
attributed deaths

Scenario Area PMs NG (0

EU27 253 000 52 000 22 000
Baseline EEA32 255 000 66 000 25 000
All countries 293 000 69 000 27 000
EU27 343 000 9 000 108 000
Sensitivity 1 EEA32 347 000 16 000 119 000
Allcountries 391 000 16 000 127 000

EU27 432 000 142 000 -

Sensitivity 2 EEA32 438 000 165 000 -

All countries 487 000 175 000 -

Notes: The values are rounded to the nearest hundred if the number is above 1,000 and to the nearest ten if the number is
below 1,000.

The sensitivity analysis shows that changing the established counterfactual concentrations can
produce different results. The increase in deaths due to exposure tesMPy reducing the
counterfactual concentration in half (sensitivity 1) and to zero (sensitivity 2) is, on averafeas

69 %, respectively. In the case of N@e number of deaths decreases by a factor of 2.6, on average,
by doubling the counterfactual concentration (sensitivity 1) and increases by a factor of 4.7 when
reducing this valugo zero (sensitivity 2). The number of deaths related to exposurestméPeases

when applying SOMO10 as a metric to evaluate sterh exposure (sensitivity 1lrigure 3.1Figure

3.2, andFigure 3.3how the estimated number of YLL per 100000 inhabitants based on the baseline
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and the sensitivity scenarios for aggregated areas and individual countries. As expected, the burden of
disease will increase when the counterfactual concentrations are reduced, as more grid cells within
country boundaries will have exposure levels thag¢ @onsidered harmful to human health. For
example, for countries with very high concentration levels o, RMigher than the counterfactual
concentration, such as North Macedonia, decreasing the counterfactual concentration does not
impact the final esthation as much as a country, such as Finland, that has recurrently low levels of
PM. s, typically lower than the current counterfactual concentration.

Figure3.1: YLL per 100 inhabitants related to lorigrm exposure to PM2.5 estimated based on
the baseline and sensitivity scenarios
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Figure3.2: YLL per 100 inhabitants related to lorigrm exposure to NO2 estimated based on the
baseline and sensitivity scenarios
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Figure3.3: YLL per 100 inhabitants related to losigrm exposure to O3 estimated based on the
baseline and sensitivity scenarios
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Another sensitivity analysis was performed based on changing the CRF values to the lower and upper
ends of the 95% CI and assuming the counterfactual concentration constant, i.e., the same value as
the baseline assumption for the individual pollutants. Thanges in the final values are depicted in
Figure 3.4Figure 3.5andFigure 3.6 These Figures show the impact on the estimation of the YLL per
100000 inhabitants, where the estimation using the average CRF value is represented by the bars and
the estimations based on the lower and upper end of the 95 % CI by the error bars. This variation is
similar in proportional terms, independently of the chosen mortality indicator. On an aggregated level,
the change in CRF results in 54803 andl63+ 96 YLL per 10000 inhabitants for all countries and

581+ 108 andl49+ 88YLL per 10000 inhabitantgor EU27 when the population is lotgrm exposed

to PMes and NQ concentration levels, respectively. For sht@tm exposure to ©concentration

levels, the chage in CRF is 5412 YLL per 10000 inhabitants for all countries and %311YLL per
100000 inhabitantfor EU27.
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Figure3.4. All-cause mortality due to longerm exposure to PM2.5 (YLL per 100 000 inhabitants)
estimated based on the average CRF (bars) and on the lower and upper 95% CI (error
bars)
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Figure3.5: All-cause mortality due to longerm exposure to NO2 (YLL per 100 000 inhabitants)
estimated based on the average CRF (bars) and on the lower and upper 95% CI (error
bars)
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Figure3.6: All-cause mortality due to shorterm exposure to O3 (YLL per 100 000 inhabitants)
estimated based on the average CRF (bars) and on the lower and upper 95% CI (error
bars)
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4 Combining causespecific mortality and morbidity outcomes

The following section presents the results of the casgecific EBD analyses for the reference year

2021 based on the indicators AD, YLL, YLD, DALY, and attributable cases for hospital admissions. The
95 % CI, which only takes into account the uncertagftthe CRF, is also given in each case. For a
better country comparison, the values are also presented as a rate per 100 000 inhabitants at risk.

4.1 PMas

4.1.1 Asthma in children younger than 15 years of age

For asthma, the evidence base only allowed an estimate of the burden of disease for the population
of children aged less than 15 years. The burden was mostly related to the morbidity effects because
deaths due to asthma in these age groups are very ugliHelking all countries together, less than 10

AD or less than 1 AD per 1000 inhabitants younger than 15 years were calculated. This resulted in
182 (95 % CI 6880) YLL or less thanYLL per 10000 inhabitants younger than 15 yeaiisple A2.1

and Table A2.9. Apart from four countries, the YLL share of DALY corresponded to a maximum of
about 1 % (range-@3 %). Overall, 25 932 DALY related to asthma were attributable t@. Akle 95

% CI ranged from 9 514 to 39 615. The highest total burden was estimated for Poland, France, and
Italy: 4 973, 3 999 and 2 791 DALY, respectively. San Marino, Monaco, Liechtenstein, and Iceland had
the lowest total burden, with less than 10 DAhéach country. The highest DALY rates were observed

for Poland, North Macedonia, and Boshia and Herzegovina, with 84.9, 77.5 and 76.2 DALY per 100 000
population in the age groups younger than 15 years of age. The lowest rates were observed for Estonia,
Finland and Iceland, with 4, 3.1 and 1 DALY per 100 000 persons aged under 15 years, respectively (see
Figure 4.1and Table A2.}. Latvia, as a country with a relatively small population, had a higher
mortality due to asthma than countries with a comparable population. This feature becomes most
obvious when considering the rates per 100 000 inhabitants, showing a larger sharke iof tfie

country ranking.
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Figure4.l: Asthmarelated disease burden due to PM2.¥I(L, YLD ardALY per 100 000
inhabitants < 15 years) estimated based on the average CRF (bars) and the lower and

upper 95% CI (error bars)

All countries (no TR) —y
EU27 —_—
Poland |

North Macedonia
Bosnia and Herzegovina

Cyprus
Greece I
Montenegro —_—
Serbia |
San Marino e
Malta —_—_—
Romania —_
Bulgaria —_—
Croatia e
Kosovo _—
Slovenia —
Hungary )
Albania —_—
Slovakia —_—

Italy ——
Monaco mmE——
Czechia _

Latvia memE———
France e
Belgium —_—
Austria |
Netherlands mmE——————
Lithuania —
Switzerland _—
Andorra —

Spain =y

Portugal _

Germany e |
Luxembourg —
Denmark =

Liechtenstein —_—
Ireland  E=—=—ro
Norway mE=—i
Sweden Ee=—
Estonia K+
Finland ®
Iceland

0 50 100 150
DALY per 100 000 inhabitants <15 years

M YLL per 100 000 inhabitants <15 years
YLD per 100 000 inhabitants <15 years

4.1.2 Chronic obstructive pulmonary diseases in adults aged 25 years or older

Regarding COPD related to f4v119233 (95 % CIl 3434672) AD or 5.495 % CI less thanr9l7) AD

per 100000 inhabitants age#5 years or older were calculated for all European countries. This resulted
in 175639 (95 % CI B59-317863) YLL or 49.3 (95 %l€3s thanl-89.2) YLL per 10 inhabitants
(seeTable A2.5and Table A2.§. On average, the YLL share was abouteS5tange 285 %). With
respect to DALY he overall burden of COPD due to P\h the selected European countries was
estimated at 34997 with a 95 % CI ranging from 328 to 579245 DALY. The total numbers indicate
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the highest burden in Germany, Italy and France, with 68 295, 65 153 and 35 609 DALY, respectively.
The lowest total burden was estimated for Monaco, Liechtenstein and Iceland, with 22, 18 and 5 DALY,
respectively.

Fgure 4.2and Table A2.8present the DALY rates per 100 000 inhabitants a&@fegears or older,
includingthe 95 % CI. The rates indicate the highest burden for Hungary, Bosnia and Herzegovina, and
Serbia, with 207.5, 196.8 and 185 DALY per 100 000 persons, respectively. The lowest rates were
observed for Estonia, Finland, and Iceland, with 6.6, 5.8, anDAL& per 100 000 persons.

Figured.2: COPErelated disease burden due to PM2.¥I(L, YLD ardALY per 100 000
AYKFoAGlyda x Hp &SIFENARO SadAYFdiSR olFlaSR 2y
upper 95% CI (error bars)
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4.1.3 Diabetes mellitus in adults aged 25 years or older

For DM related to Pl, the overall number of AD for all countries considered wa§2R2 (95 % CI
2367357504) or 12.0 (95 % CI €16.1) AD per 10000 inhabitants aged5 years or olderThe total
number of YLL was 3887 (95 % CI 21880-517518). The corresponding rate amounted to 107.7 (95

% CI 59145.2) YLL per 1@DO inhabitants aged5 years or olderTjable A2.%and Table A2.1). With

an average of about 7 for all countries, YLL clearly accounted for the largest share of DALY (range
63-88 %). With respect to DALY, the total burden was estimated at 505 256 (95 % CI: BE3843).

The highest total burden was estimated for Italy, Poland and Germany, with 99 620, 74 518 and 65 410
DALY, respectively. The lowest total burden was identibetonaco, Liechtenstein and Iceland, with

23, 22 and less thah0 DALY, respectively. Taking into account the population size, the highest DALY
rates were estimated for Croatia, Bosnia and Herzegovina, and Serbia, with 533.8, 395.1 and 375.5
DALY per 10000 inhabitants age®5 years or olderrespectively Kigure 4.3and Table A2.1).

The lowest rates were observed for Norway, Finland, and Iceland, with 18.0, 8.0 and 1.2 DALY per 100
000 inhabitants age@5 years or older

Overall, it should baoted that the input data on health (prevalence, deaths) and DW refer to diabetes
type 1 and 2 (ICD10 E14). However, this is not consistent with the CRF on morbidity and mortality.
In contrast to mortality, the odds ratio for morbidity only refers toDI, which accounts for the
largest proportion of diabetes cases.
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Figure4.3: DM-related disease burden due to PM2.5I(L, YLD arfdALY per 100 000 inhabitants
¥ Hp eSINBRO SadAYFdiSR olFaSR 2y GKS | @SNI 3S
95% CI (error bars)
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4.1.4 Ischemic heart diseases in adults aged 25 years or older

A total of & 586(95 % CIl 4104-122 398 AD were calculated for IHD related to PNh all selected
European countries. The corresponding rate per 100 000 inhabitants2iggears or oldewas 243

(95 % CI 12:34.3) AD. This translates int@@ 454(95 % CB97 0581 033 37Q YLL or 20.0(95 % ClI
111.4-290.0) YLL per 100 000 inhabitarg§ years or olde(Tables A2.1&and Table A2.1). With an
average YLL share of 98 % (rangi®9%) of DALY, almost the entire burden of disease was attributed
to mortality. Total DALY were estimated at17383with a 95% CI fron897 058to 1 081 865DALY.
Poland,Germanyand lItaly had the highest total burden, with 143 6®8 258and 88 125DALY,
respectively. The lowest total burden was estimated for LiechtenstgihAndorra witt28 DALYs each,
followed byMonacoand Iceland, witii8and less than 10 DALY, respectiveigire 4.4 The highest
DALY rates weridentified forHungary Slovakia andithuania with 642.4 625.9 and 91.6DALY per
100 000 inhabitants age®5 years or olderNorway, Finland, and Iceland showed the lowest rates,
with 23.0, 17.8and 23 DALY per 100 000 inhabitar#S years or oldefTable A2.1%.

Overall, it should be noted that the selected CRF for the association betweeggna?ill IHD morbidity

was nonsignificant as the lower bound of the 95 % CI of the HR was less than one. Accordingly, for the
YLD results, the lower bound of the 95 % CI was set to zero. Therefore, the results are to be regarded
with caution, even if the sharof YLD is only very small in this case.

ETCHEReport 203/ 7 37



Figure4.4. |HDrelated disease burden due to PM2.¥I(L, YLD ardALY per 10000 inhabitants
¥ Hp eSINBRO SadAYFdiSR olFaSR 2y GKS | @SNI 3S
95% CI (error bars)

All countries (no TR)
EU27

Hungary
Slovakia
Lithuania
Romania
Poland
Bulgaria
Latvia
Bosnia and Herzegovina
Serbia
Greece
North Macedonia
Croatia
Czechia
Kosovo
Montenegro
Malta
Albania
Cyprus

Italy
Slovenia
Austria

San Marino
Germany
Liechtenstein
Belgium
Spain
Monaco
Netherlands
France
Switzerland
Ireland
Andorra
Portugal
Denmark
Luxembourg
Estonia
Sweden
Norway
Finland
Iceland

s

o

200 400 600 800 1000
DALY per 100 000 inhabitants 225 years

W YLL per 100 000 inhabitants 225 years
YLD per 100 000 inhabitants 225 years

4.1.5 Lung cancer in adults aged 25 years or older

The overall burden of disease resulting from LC due tesRMall selected European countries was
estimated at 1834 (95 % CI 118523620) AD with rates per 100 000 inhabitants a@&dyears or

older of 5.1 (98% Cl 3.56.6) AD. Corresponding YLL figures amounted t09330(95 % CI 1579

323457) or 70.4 (95 % CI 4290.8) YLL pet00000 inhabitants age@5 years or olderTable A2.17

and Table A2.1% The disease burden resulting from LC was strongly driven by the mortality effects
with a mean YlLshare of 98 % (range-98 %) of DALY (sdegure 4.%. Overall, DALY were estimated

at 255 829 with the 95 % CI spanning from 155 068 to 331 174 DALY for all countries. The highest total
burden was identified for Italy, Poland, and Germany, with 42 106, 37 446 and 32 553 DALY,
respectively. The lowest tot&@ALY were estimated for Monaco, Liechtenstein, and Iceland, with 16,
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10 andless thanl0 DALY, respectively. We found the highest DALY rates per 100 000 inhabitants aged
25 years or oldefor Bosnia and Herzegovina, Serbia, and North Macedonia, with 186.4, 173.7 and
171.2 DALY per 100 000, respectively. Sweden, with 7.2, Finland, with 3.9, and Icelateswithn

1 DALY per 100 000 inhabitants a@&dyearsor older, showed the lowest rateg ¢ble A2.2).

Figure4.5: LGrelated disease burden duto PM2.5 YLL, YLD ar®l! [ ., LISNJ mnn nnn AYyK
25 years) estimated based on the average CRF (bars) and the lower and upper 95% CI
(error bars)
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4.1.6 Stroke in adults aged 25 years or older

In 2021, the overall AD for stroke related to PNbr all countries considered was estimated at64l
(95 % CI 2B59-96 408) with a ratgper 100 000 inhabitants agezb years or older of 18.0 (95 % CI7.5
27.1) ADTotal YLL amounted to 5837 (95 % CI 21398-759602) or 141.8 (95 % Cl 5233.2) YLL
per 100 000 inhabitants age2b years or oldefTable A2.21and Table A2.2). Mortality (YLL) also
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accounts for the largest share of the burden of disease in stroke, averaging 90 % (refy&p4f
DALY (sekigure 4.5. Overall, 57B90 DALY related to stroke due to PMvere estimated for 2021.

The 95% ClI spans from 2@®1L7 to 902 611 DALY. Poland, Italy, and Germany present the highest total
DALY with 9857, 97529 and 6®05 DALY. The lowest total DALY was observed for Monaco,
Liechtenstein, and Iceland, with 23, 48d less than 10 DALY, respectively. Normalising for population
size, the highdsrates were estimated for Bulgaria, Bosnia and Herzegovina and Serbia, with 716.2,
516.4 and 59.2 DALY per 1000 inhabitants aged5 years or oldefWith 17.2, 11.9 and 1.4 DALY per
100 000 inhabitants age2b years or olderthe lowest rates were observed for Sweden, Finland, and
Iceland Table A2.2).

Figure4.6. Strokerelated disease burden due to PM2.5I(L, YLD arfdALY per 100 000
AYKFoAGlyda x Hp &SFENARO SadAYFdiSR ol as
and upper 95% CI (error bars)
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4.2.1 Asthma in adults aged 15 years or older

For asthma effects attributable to NGhe CRF only applies to the population aged 15 years or older.
A total of 788 (95 % CI 504062) AD were calculated for all selected European countries.
Corresponding rates werness thanl AD per 10@00 inhabitants aged5 years or older. The total
number of YLL was estimated aB80 (95 % CI132811224) or 1.8 (95 % CI 1214) YLIper 100000
inhabitants aged.5 years or olderTiable A2.2%and Table A2.2% YLL contributed, on average, only 9

% (range 224 %) to DALY (séégure 4.7. The total buden for this age group was estimated at 115
425 DALY for the selected countries, with a 95 % CI ranging fr@&hl7® 155331 DALY. Turkiye,
Germany, and ltaly contributed the highest total burden with94g, 17011 and 1®96 DALY,
respectively. The iwest total burden was observed for Estonia, with 10 DALY, and Liechtenstein and
San Marino hadess thanl0 DALY in each country. The highest DALY rates were estimated for Turkiye,
Monaco, and Andorra, with 77.4, 38 and 33.3 DALY peO@00nhabitants agd 15 years or older.

The lowest rates were observed for Finland, Sweden, and Estonia, averaging at rates of 2.1, 1.7 and
less tharil DALY per 100 000 inhabitantsible A2.2§.
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Figure4.7. Asthmarelated diseaséourden due to NO2YLL, YLD aridALY per 100 000
AYKFOAGEyda x S
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4.2.2 Diabetes mellitus in adults aged 25 years or older

In 2021, the overall AD for all European countries considered was estimate®a? 185 % CIl B82-
25499) with anADrate per 100 000 inhabitants age2b years or older of 4.5 (95 % CI-8.2). The
total number of YLL was 1438 (95 % Cl 9536-248673). The corresponding rate amounted to 43.7
(95 % CI 23:60.9) YLL per 1am0 inhabitants age@5 years or olderTable A2.2%nd Table A2.3).
The share of YLL in DALYs was 60 % on average (ra®@&}{SeeFigure 4.8.

The total DM burden for the respective countries was estimated at 5141 DALY, with the 95 % CI
spanning from 177 035 to 451 956 DALY. The highest total burden was estimated for Turkiye, Italy, and
Germany with 105 834, 47 711 and 39 032 DALY, respectiiedylowest burden was identified for
Liechtenstein, San Marino, and Iceland, with 17, 13 and 10 DALY, respectively. Considering the age
structure of the populations, the highest DALY rates were estimated for Cyprus, Turkiye, and Croatia,
with 214.2, 208 and 104.4 DALY per 100 000 inhabitants &fegears or olderrespectively. The

lowest rates were found for Finland, Sweden, and Estonia, with 3.9, 3.8 and 3.7 DALY per 100 000
inhabitants age®5 years or oldefTable A2.3).
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Figure4.8: Diabetes mellitusrelated disease burdenlue to NO2 YLL, YLD arldALY per 100 000
AYKFoAlGlyida x uwp @SIFENBRO SadAYFGiSR olFlaSR 2y
and upper 95% CI (error bars)
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4.2.3 Stroke in adults aged 25 years or older

In 2021, the overall AD for stroke related to N@re estimated at 1837 (95 % CIl B10-31761) for

all European countries considered. Adjusting for population size (per 100 000 inhalB%aygsirs or
older), the rate amounted to 4.4 (95 % CI less than-17/08) AD Corresponding total YLL were
calculated at 15381 (95 % Cl 2624-270623) or 37.5 (95 % Cl 666.3) YLL pet00 000 inhabitants
aged25 years or olderTable A2.3&andTable A2.3). Here, too, the share of YLL in DALY is significantly
higher than the YLD, averaging 72 % (rangé54) (seeFigure 4.9

Regarding DALY figures, the overall burden of stroke resulting fromeX@bsure in the selected
countries was estimated at 20423 DALY. The 95 % ClI spans from 53 575 to 344 547 DALY. The highest
total burden was estimated for Tirkiye, Italy, and Germany with 52 131, 28 694 and 24 755 DALY,
respectively. With less that0 DAY each, San Marino, Liechtenstein, and Iceland showed the lowest
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observed burden. Bulgaria, Romania, and Turkiye were identified to have the highest DALY rates with
172.8, 132.1 and 100.9 DALY per 100 000 inhabitants 2gdars or olderrespectively The lowest
rates were observed for Iceland, Estonia, and Sweden, with 2.9, 2.8 and 2.0 DALY per 100 000

inhabitants age@®5 years or oldefTable A2.35

Figure4.9: Strokerelated disease burden due to NOX(L, YLD arALY per 100 000 inhabitants
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4.3 Ozone

4.3.1 Hospital admissions for respiratory diseases in adults aged 65 years or older

Due to the lack of a suitable CRF, the disease burden due (8@VO35) was only calculated for
GK2ALAGIE FTRYAAdaAzya F2NI NBALIANI G2NEBE RAaSIasSacs
and older). We identified 15 986 attributable hospital admissions in the selected European countries.
The 95 % CIl rangégtween 2 543 and 30 156 cases. The highest number of cases were found for Italy,
Germany, and Spain, with 2 894, 2 266 and 2 084 attributable hospital admissions, respectively. The
lowest numler of cases was identified for Liechtenstein, Monaco, Iceland, and Andorrdesstthan

10 cases each. Considering rates per 100i0B&@bitants aged®5 years or olderSan Marino, Greece,

and Malta presented with the highest rates of 51.6, 36.7 and 32.1 attributable hospital admissions.
With 5.5, 5.4, and 4.4 attributable hospital admissions per 100ifi@gbitants aged5 years or older,
Estonia, Latvia, and Iceland had the lowest rates(e A2.3).

4.4  Summary of results for Europe

Figure 4.10 and Figure 4.4dmmarise the results for the different burden of disease indicators (cause
specific total AD, YLL, YLD, and DALY) fors AMI NQ, respectively,differentiated by health
outcomes. The numbers refer to all countries considered. When comparing the figures, note the
different range of values on the-akis. It should also be noted that different age groups were
considered in some of the estimates.

The results for Europe in 2021 show that the total burden of disease attributable tos Rids
considerably higher than the one related to N@510 442and 634721 DALY, respectively). For both

air pollutants, PMs and NQ the contribution of mortality (YLL) to the overall DALY was higher, with
82 and 54 %, respectively, than the morbidity contribution. In any case, not considering morbidity
would lead to a substantial underestimation of the disease burden. FegRND contributed most to

the total DALY (41 383 95 % C397 0581 081 865, and for N@it was DM (314674; 95% CL77035
451956). Asthma accounted for the smallest share in each casgs(RP8932; 95 % CI 891439615
DALY; N©115425; 73868155450 DALY). No corresponding indicators were calculatedsfor O
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Figure4.10: Burden of disease indicators for PM2.5 (all countries) differentiated by outcomes
Thetotal is estimated based on the average CRF (bars) and the lower and upper 95% CI
(error bars)

4 000

3 500
3 000
2 500
2 000
1500
1000
— [ ]

sia =

Total ATD Total YLL Total YLD Total DALY

Thousands

500

M COPD  Asthma (children) DM mIHD mLC mStroke

Figure4.11: Burden of disease indicators for NO2 (all countries) differentiated by outcomes
Thetotal is estimated based on the average CRF (bars) and the lower and upper 95% CI
(error bars)
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5 All-causemortality versus causespecific mortality¢ rational and a
comparison of the results

The mortality associated burden of disease due to air pollution can be estimated using mortality data
and a CRF for athuse natural mortality or causspecific mortality. Both approaches have their
advantages and limitations and can be used to answecifpgolicy questions. When using the-all
cause mortality approach, the relevant CRFs from environmental epidemiological studies are based on
the association between the concentration of an air pollutant and the occurrence of all natural deaths.
Injury ard unspecified deaths are excluded from the analyses. Thus, the effect measures resulting from
such analyses cannot be differentiated by health outcome. This hampers tailored prevention and
intervention measures to focus on specific vulnerable groups saffdrom diseases such as asthma

or COPD. The advantage of thecalise mortality approach is a) that the data from mortality statistics

are readily available and of high quality for most European countries, b) the effect measures are based
on biggersizal samples because no stratification by outcome is included in the analyses, and c) they
probably include additional health outcomes that were not yet identified to be associated with certain
air pollutants.

The last point is, however, also a major point of criticism, because this approach also includes deaths
which have a not negligible probability to be not associated with air pollution. These include diseases
caused by an infectious agent, e.g. hepatitisotiter infectious diseases such as influenza, which
considerably adds to mortality in Europe (GBD 2019 Risk Factors Collaborators, 2020). Here, we know
that the influenza virus is the causative agent. Assuming that a share of the influenza deaths would be
StFTGSR G2 FANI LREtdziA2yY Ada ONRGAOFET o06SOIdzAS | ANJ
Still, without the causative agent, this disease and probably the resulting death case would not have
occurred. Epidemiological studies usingcallise mortality as an outcome include this large spectrum

of diseases and thus the resulting effect measures can be biased by not considering thepsmifse
associations that might vary widely. Sincecallise mortality analyses cannot be stratified thg

relevant death causes, the impact on the effect measures cannot be eliminated in the statistical
analyses. Another limitation of the adhuse mortality approach is that when using a summary measure

of population health, such as the DALY, there isegaivalent information for altause natural
mortality concerning the morbidity, i.e., alhuse prevalence. This hampers the addition of morbidity

to the mortality effects. To be able to combine the mortality and morbidity components in a DALY
estimate, 1 is thus necessary to use the cawsmecific approach. This approach uses capeeific
mortality data (cause of death data from vital registration systems) and CRF. Aspecsfic CRF is

based on environmental epidemiological studies that assess skec#tion between air pollution
exposure and specific outcomes, such as LC or COPD.

The advantage of causspecific approach is that: a) one can differentiate between health outcomes,
which can help to focus specific prevention measures targeted to vulnerable groups; b) the CRF are
tailored to specific outcomes, which allows more speeifiect estimates; and c) the approach enables

the quantification of the comprehensive disease burden using the DALY as the summary measure.
However, the approach is limited to the fact that it only considers health outcomes that have shown a
strong evidene base for the association between air pollutants and that health outcome. Thus,
potentially relevant outcomes not studied to that extent today, compared to establisheduigiome

pairs, could be missed, leading to an underestimation of the disease huiite causspecific
estimates in the report thus rather represent conservative results. It should be kept in mind that both
approaches have their specific purposes. Thealise natural mortality approach helps to get an
overview of the overall potentidmpact of air pollutants on health. The data is mostly available for all
European countries and the results can be generated more easily. Also, most of the data is based on
continuously updated registries. The catsgecific approach comes with highesoeirce demands. In
addition, some data sources (e.g. the EbliSey) are not routinely (yearly) updated, leading to a
higher demand for gafilling techniques, which may introduce higher uncertainties in the estimates.
Nonetheless, the causspecific apppach allows for a focus on specific diseases. Also, it has the
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advantage of including the morbidity component and estimating the DALY as a summary measure of
population health.

The overall comparison of both approaches presented in this report shows that witd@®8eaths
attributable to PM s, the allcause mortality approach resulted in a higher burden as compareddo 23
999 AD when all causspecific estimates for the six health outcomes are aggregated to the overall
burden for the 40 countries considered. Comparing the YLL, using-teuak mortality approach also
results in a higher overall disease burden wits35000compared to 2046 431YLL for the six cause
specificoutcomes. With a rate of 618LL per 10000 inhabitants, a higher rate was estimated with
the allcause mortality approach, compared to a rate of about BZL per 10000 inhabitants for the
causespecific approach.

For NQ, using the aitause mortality approach yielded 690 AD, which is almost twice as high as the
causespecific estimate with 3652 AD across all 41 countries. Comparing the YLL, tioausé
mortality approach resulted in 74000 YLL or a rate of 132 p&00000 inhabitants. In the cause
specific approach, the burden of disease was much lower, with 339 989 YLL and a rate of about 83 YLL
per 100000.

The results of the causspecific analyses also showed the importance of including the morbidity
component. Taking the example of PMt was still obvious that the mortality component contributes
most to the DALY, especially when considering diseases such as IHD and lungFeanbeth
outcomes on averageonly 2 % of the DALY resulted from the impacts of morbidity. Other diseases
such as DM, COPD or stroke have a higher contribution of morbidity to the burden of disease. The
strongest contribution waslmserved for COPD, with about 50 % of DALY being due to YLD. Further, the
shares of morbidity are still relevant, with about 24 % for DM and with about 20 % for stroke. Finally,
childhoodasthma represents a disease where almost 100 % of the DALYs is due to YLD.

Leaving out the morbidity impacts due to BMwrould result in an underestimation of the overall
disease burden by 464 011 years which are lost due to living in a state of reduced health. With further
increases of chronic diseases in Europe, which is to be expected due to the anticipated futuresincreas
of nonrcommunicable diseases, the relevance of diseases with livelong disabilities will become more
prominent. Thus, using the DALY as a summary measure of population health in future assessments is
a necessyy prerequisite to allow a comprehensive assessment of the air pollutant impacts on the
health of the European population.

In both approaches and for all pollutants, we used the same exposure (concentration) data, however,
in the causespecific approach the calculation for this report could not be performed on the 1x1 km?
grid as done in the attause mortality approach. The ilen of disease estimation was performed at

the country level using age and sex specific cause of death data as the basis. This introduces a relevant
difference between the two approaches. The baseline data differ in the sense that in tteusd
mortality approach the number of deaths, which is the starting point when attributing deaths to a risk
factor, is higher than the sum of the deaths resulting from six outcomes farsPMthe three
considered outcomes for NOAnother source of difference is the use of the life expectancy. In the all
cause mortality approach-fear age groups were used. However, in the capecific approach
abridged life expectancy values fofyBar age groups were used. The abridged lifeeetancy values

are generally basedothe single age classes but were combined tge&r age groups using
interpolation techniques.

The quantitative comparison of the impact of the CRF is not feasible due to the fact that each of the
six health outcomes for PM has a different CRF, hampering comparison of the resulting overall
burden from both approaches. A general commonality is the linear shape of the CRF with increasing
concentrations. This holds for both, Rband NQ.

The counterfactual concentration plays an important role in the size of the disease burden. The
counterfactual concentrations were aligned between both approaches and thus do not contribute to
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the observed differences. For both approachtbse guideline levels provided in the 2021 AQG by the
WHO (WHO, 2021) were used as counterfactual concentratmmBM, s and NQ, and WHO (2013)
for Gs.

6 Conclusions and further work

The environmental burden of disease assessments presented in this report builds on the work
presented in previous Eionet and EEA reports and briefings on HRA, expanding it§keqpevious
expansion of the EBD assessments made the burden of disease estimations more complete by
assessing both atlause mortality and causspecific morbidity. This Eionet report adds to the previous
assessments by estimating catsegecific mortaliy, aligned to causspecific morbidity, to assess the
overall impact of selged air pollutants on human health. These results are focused on the DALY
indicator, but we also included AD, YLL, YLD, and attributable cases for comparison witcdaheeall
mortality analyses. Using a comprehensive and comparable indicator for theimedeffects of
mortality and morbidity for European countries is a major step forward in the assessments of the EEA
ETC HE on the burden of disease related to exposure to major harmful air pollutants in Eurgge: PM
NG, and Q. Additionally, such indators allow the comparison of the burden due to various
environmental risk factors with other risk factors or diseases.

The allcause mortality burden of disease associated with exposure to air pollution across Europe in
2021 remained high, especially in central and seedistern European countries. The largest mortality
from longterm exposure is attributed to PM, followed by N@ The assessment foz@ only related

to shortterm exposure (acute). The exposure to concentration levels above the 2021 WHO AQ
guideline levels in 2021 resulted in 2030 AD related to PM exposure (excluding Turkiye), and
69000 AD due tdNG, across the countries included in the assessment. For the same 41 countries,
27000 AD were due to shoterm exposure to @ For EU27, AD in 2021 are 28K, 52000 and
22000, respectively. When considering both AD and the age at whichabeyr (and scalled by
population) the number of YLL (and YLL per 100 000 inhabitémtshe 41 (40 for PMs) European
countries is 236000 (618), 74@00 (132) and 29600 (54) due to exposure to BN NQ, and Q,
respectively. For EU27, YLL (YLL peO@00nhabitants) are 384000 (584), 53D00 (120), 23400

(53), respectively.

The causespecific approach allows combining the mortality and morbidity associated burden of
disease into the summary measure DALY. Comparing the impact.gfaPi NQ on the population
health of the European population, B¥is clearly the pollutant with the strongest effect, contributing
2510 442DALY across the 40 countries &3 842DALY in the EU27. The burden attributable ta NO
was considerably lower, with 63221 DALY and 4088 DALY for all 41 countries and in the EU27,
respectively. This as caused, in part, by the fact that six diseases were considered foy; Rikiile

only three were taken into account for NOLooking at the single disease entities, ischemic heart
disease contributed most to the overall burden of RMvith 741 383DALY across the 40 countries
and 688 979DALY in the EU27. The lowest burden was related to asthma (children), vg?2 2ed
23969 DALY in all 40 countries and the EU27, respectively. Rothénighest disease burden was
associated with diabetes mellit§all 41 countries: 31874 DALY; EU27: 1031 DALY) and the lowest
with asthma (adults) (all 41 countries: 1485 DALY; EU27: 880 DALY). No corresponding indicators
were calculated for € yet shortterm exposure to @was associated with5 986 attributable hospital
admissions in the 41 selected European countiiésen comparing the results, it is important to note
that different age groups (i.e. children, adults, and elderly) were considered in the estimates, following
the concentrationresponse factions.

The results of the underlying EBD assessment clearly show that air pollution is still an important risk
factor for the health of the European population. Concerted actions are needed to reduce the
European population's exposure to further reduce the disdaselen.
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Forward-thinking, this work paves the way to keep expanding the assessment to consider further
health outcomes with a lower evidence level (suggestive or moderate evidence) based on the latest
epidemiological studies and keep updating the baseline assumgtib the studies (CRFs and DWSs).

The work described in this report also points to the need to improve thefitieqg process to cover as

many European countries as possible and make the process as consistent as possible, especially
between allcause andcausespecific analyses. It also highlights that aligning the methodology for
estimating causespecific mortality/morbidity with attause mortality is crucial for consistency and,
eventually, allowing the EBD to be estimated at different NUTS levels.
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List of abbreviations

Abbreviation | Name Reference
AD Attributable death
AQG Air quality guidelines
CAMS Copernicus Atmosphere
Monitoring Service
Cl Confidence interval
COPD Chronic obstructive
pulmonary disease
CRF Concentrationresponse
function
DALY Disabilityadjusted life year
DM Diabetes mellitus
DW Disability weight
EBD Environmental burden of
disease
EEA European Environment www.eea.europa.eu
Agency
ELAPSE Effects of lowevel air www.elapseproject.eu
pollution: a study in Europe
EHIS European Health Interview
Survey
ETC/ATNI European Topic Centre @ir

pollution, Transport, Noise
and Industrial pollution

ETC HE European Topic Centre on
Human Health and the
Environment

EU European Union WWW.europeanunion.europa.eu
GBD Global burden of disease
HR Hazard ratio
HRAPIE Health risks of aipollution in | https://iris.who.int/handle/10665/153692?show
Europe =full
IARC International Agency for
Research on Cancer
ICD International classification of
diseases
IHD Ischemic heart disease
LC Lung cancer
m3 Cubic meter
N/A Not Available
NG Nitrogen dioxide
Os Ozone
OR Odds ratio
PAF Population attributable
fraction
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Abbreviation

Name

Reference

PM s

Fine particulate matter
(diameter below 2.5um)

ppb Parts per billion

RR Relative risk

SOMO35 Annual sum of daily
maximum running &
average concentrations
above 35pb

SOMO10 Annual sum of daily
maximum running $
average concentrations
above 10ppb

T2DM Type 2 diabetes mellitus

WHO World Health Organization | www.who.int

YLL Year of life lost due to death

YLD Year lived with disability

H1g Microgram

pum Micrometer
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Annex 1 Methodology

A.1.1 Estimation of health outcomes related to air pollution

All-cause (natural) mortality

For Europearambient air pollution levels, the relative risk' {Y) in a population whose exposure is
estimated by an average concentratioh can be described as a Migear function relating
concentrations and mortality (Ostro, 2004; WHO, 2013), as specified below:

44, Holm F F (AL.1)

where,Cis the concentration level the population is exposeddgs the counterfactual concentration,
and] is based on the concentratieesponsefunction (CRF) estimated by epidemiologisalidies
The CRFKlepends on the pollutant and health outcome to be estimat€l.can either be the
background concentration (i.e., the level that would exist without any humade pollution), a
concentration below which no health effects are expected, or a counterfactual concentratiori level.
can be estimated as follows:

p Lirds (A12)

whereUCis the unit of concentration.

According to (WHO, 2019a), the population attributable fraction (PAF) can be used as a metric to assess
the contribution of a risk factor to a disease or a dedthe PAF can be defined as the share of the

total burden of disease in a population that is identified as being due to a certain risk factor. This share
may be zero if the risk factor (causative exposure) was eliminated or at least lower when the exposure
is reduced to a less harmful leyadlso called thecounterfactual concentrationAssuming thathe
population is exposed to a single concentration level over the assessed pHt@®AF can be
calculated based on the relative risk as follows:

=1 T @13

Fnally, a healthndicatorattributable to air pollution is estimated by:

It <" ++4#=w'40

o (A1.4)

Where MR is the baseline incidence of the health effect expected for the population amBopt
When assessingll-causemortality, the term 0 0 'i@dicates the proportional reduction in population
death that would occur if exposure to a risk factor were reduced to an alternative ideal exposure
scenario.

Mortality measures the number of deaths in a particular population due to a specific or non
discriminated causeéAn attributable death is defined as a death, which is statistically attributable to
the exposure towards a risk factor, e.g. RMThe attribution is based on the evidence from studies
for the causal link between a risk factor and the health outcome leading to dehihhealth outcome

is estimated as follows:

=r F=B4vrrin’ [ m (A15)
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where AD is the number oéttributable deaths,CDRsis the natural mortality rate by sex (s) and age

(a) in a particular population due to a specific cause, Rog sis the population fraction stratified by

age and sex.

YLLmeasures the years lost due to death before reaching a specifically selected life expectancy value.
YLL takes into account the life expectancy at the moment of death and is greater for deaths at a
younger age and lower for deaths at an older age (Murray and Lopez, 1996). It gives, therefore, more
nuanced information than th@&Dalone. YLIs determined by relating CDR with life expectancy:

Ldd b=Biwrrdm |- w2 gv (ALS)

whereLEis the average time a person is expected to live, based on the year of birth, sex (s) and age
(a).

For thisenvironmental burden of disease (EBD) indicategquations (A.1.1) to (A.1.6) are applied to
every single grid cell of the concentration magsi{ Al1.1).Error! Reference source not found.
escribesthe CRFs an@ used in this report. The health outcomes are then aggregated to colgug!

or larger areas, e.g., EU27.

Causespecific mortality and morbidity

The methodology for calculatincausespecificEBD indicators (YLyears lived with disabilityY(LD,
disability-adjusted life yeard¥ALY, AD, attributable cases) is described in the following. The approach
for calculating the morbidity indicators is also presented inEf€ HEeport (2022b)

For the calculation of the outcom@) specific baseline (b) YLL (l-bverall disease burden before
attribution to the selected air pollutants), the number of deaths (M) per sex and age grougnota
specifichealth outcome (0) (M were multiplied by the sex and age specific remaining life expectancy
(RLE) at the age of death (Equation7il.

Ldg 1 244 f (A17)

For the calculation of the outcome specific baseline YLDy (Ylte sex and age group specific
prevalence of a diseasesjRvasmultiplied by the outcome specific disability weight (BY(Equation

Al.8). The DW represent the severity of a health outcome on a scale ranging from zero to
one.Generally, prevalence data should be used for the same population group regarding age and sex
as was considered to derive the CRF.

Ldw Fezrs (A18)

As within the methodology foall-cause(natural) mortality, the PAF is required to calculate the
proportion of the burden of diseasgueto a certain risk factor (e.@2M.s). For the estimation of the

PAF, a CRF is needaad wasderived by the same formulas as used fall-cause mortality (see
equations Al.1 and Al1.2). However, the equation for calculating the PAF was slightly different, as the
all-causemortality calculations were baseah grid cells and thus differed in the individual calculation
steps from thecausespecificEBD indicators.

For thecausespecificestimates, the PAk: was calculated using the equatiéyl 9 for the mortality
indicators YLL an8Dandthe PARon usingthe equation A1.D for the morbidity indicator YLD. The
procedure for estimating attributable cases is explained in the ompeeific calculation steps below.

=< PD#ZHF‘U;U:‘N (A19)
F=3. g e P#% (AL.10)

! The outcome specific DW wederivedfrom dataof the GlobalBurdenof Diseas€019study,accessible
via: https://vizhub.healthdata.org/gberesults/
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where Popis the population exposed to a specific pollutant concentration,: Braptotal population
of the considered age group and KRR or RR vorb the mortality or morbidity specific relative risk of
the population at a certain concentration level.

Lastly, to estimate outcome specific YLL and YLD attributable to a specific risk factar YR.o),
the outcome specific baseline YLL and YLD were multiplied by the respective PAF (BquEttiand
Al.12).

g Ldmzf=a..4 (AL11)

Ld g Lz f=q.,y (ALD)

DALYis a commonly used EBdicator, which counts populatiofbasedlosses of healthy life years
resulting from a disease or attributable to a certain risk factibequals the sunof YLL and YLDo
provide a final estimate of the attributable burden, outcome specific attributable YLD and YLL were
therefore summed up and formed the outcome specific attributable DALY (EquatidB):

r=44 Ld4 1d4 (AL.13)

In addition, the calculation afausespecificAD (ADy) was performed, multiplying the disease specific
number of deaths (M by the according PAF (equatiéh.14). In this wayall-causemortality results
on YLL andDcan be compared to theausespecificones.

=5 J.7f=3.,4 (AL.19)

Ozonespecific calculation processes

The provided Q concentrations(SOM@5) represented an annual surget daily mean values were
required for the EBD calculation in this assessment. Therefore, the SOMD8Bntrations were
divided by 36%lays(Ciaily meay @s described below:

f FS b 4 - oo .

L mgt-
The SOMO35 is then used@i Eq.Al.1for both allcause and causgpecific mortality.

In the case of the riskutcome pair hospital admissions for respiratory diseases apdoqly
attributable hospital admission cases were calculatemt, YLDas no eligible CRF was identified (see
alsoSection2.2.%Error! Reference source not foundTherefore, further methodological steps were n
eeded. Firsta linear function y was derivedt described the increase in hospitalisations as a function

of the specific daily mean SOMO35 concentrations. For this, the increase rate in hospital admissions
was divided by the unit increase of the daily mean SOMO35 concentration (UC) multiplied by the
specific daily mean SOMO35 concentratiofa{Gnear:

el Y= P vy

v
TF Mt g+ (A1.16)

Lastly attributable hospital admission cases could be calculated using the foll@gungfion (A1.7)
by multiplying y with data on total hospital admissions or rather hospital discharggsrf® the
specific exposed population (P9p

=< {1 OJEr W

Fopa | (ALT)
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A.1.2 Input data and preparatory steps

Ambient air concentrations

Concentration maps with annual statistics of the relevant pollutant metrics are producedxikar’

grid resolution for most of Europe (the whole Europe apart from Belarus, Moldova, Ukraine, and
European parts of Russia and Kazakhstan; in the casegffRkkiye is also excluded duettee lack

of enough background stations to produce the maps). The annual statistics are estimated using a
mapping method, 'Regressianinterpolation ¢ Merging Mapping' (RIMMyvhich performsa linear
regression model follwed by kriging of its residuals (ETC HE, 2023 and references herein). The
mapping method combines the monitoring data from rural and urban background stations fg; PM

0Os, and NQ with results from chemical transport models and other supplementary data, such as
altitude, meteorology, and population density. Urban traffic station data was also included $@ndO
PM. s, to account for hotspots, since traffic is the most important source of &@ an important
source of PM. Lastly, the rural and urbarckground (and for N&£and PM s also urban traffic) map
layers are merged into the final map and used as input data foEBBassessment. Note that all the

data supporting the RIMM refers to the year estimated.

The ETC HE Report (ETC HE, 2023) includes the analysis of the latest maps available, including the
associated uncertainties.

Population

Gridded population data is used for estimating tladl-cause mortality EBCas the health outcomes

result from collocating concentration levels and populating density. Thus, the higher the population
density, the higher the population will bat risk if concentrations are above the counterfactual
concentrations. We use population density maps (gridded) based on the GEOSTAT 2011 dataset
(Eurostat, 2014), the European population distribution in 2011. It is mapped on the same grid
resolution as the mbient air concentrations presented above facilitating the health outcomes
estimation per gridcell. The GEOSTAT 2011 population data was scaled with the total population data
available countrywise from Eurostat (Eurostat, 28&) to make it consistent with the estimated year.

The data reflects the total population on thes8af December of the indicated year reported by the
National Statistical Offices. This data has been available yearly since 1960 for all countries across
Europe. The scaling of the population (scaledpaps done by applying the following:

oo nén —— (A1.8)
wheren £ 1 the population in thé™ grid cell for countrycin the GEOSTAT 2011 population density
map, N € fjs the total population for countrg calculated based on the GEOSTAT 2011 population

density map, and) € 1) is the total population reported to Eurostat for countgyfor the
estimated year.

Since the concentration maps do not include overseas territories, population data for those territories
need to be excluded from the original Eurostat da#oreover, the GEOSTAT 2011 Cyprus population
data includes Greek and Turkish Cypriots. The Eurostat data includes only Greek Cypriots, requiring the
addition of the Turkish Cypriot population. These corrections mentioned above are done by applying
additional scaling factoror France, Portugal, Spain, and Cyprus:

[ HOROY NEN (A1.3)

where 1 €  is the total population for countryc calculated based on the GEOSTAT 2011
population density map scaled for year 2015 @né 1) is the total population reported to
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Eurostat for countryc for the year 2015 (Eurostat, 282). Year 2015 was arbitrary selected as
reference for performing the spatial scaling of population numbers due to computationally demanding
task of rescaling the whole population density map for every single YEaC/ACM, 2017Plus, the
ratios should remain fairly similar over the timr@ountries lacking data for total polutaion for 2021 are
described in Table A.1.1.

Table A1.1: Countries lacking population data and the selected gap filling praxieall-cause

mortality
Data set Country Data used for gap Year of data used Country of data
filling for gap filling used for gap filling
Total population AD MC Total population 2021 FR
Total population AL BA, XK Total population 2021 RS
Total population M Totalpopulation 2021 IT

The population distribution by age groups is required to estimate how many people have died per age
group. Eurostat (203b) provides datawith 42 ST NJ I 3S Ay {iSNBIf > FTNRBY Wi Sa
old, for almost allcountries assessed. Gap filling of missing information was necessary for several
countries, years and age grougds. case of altause mortality, tiwas done by using relative age
distribution numbers (that is, the percentage of the population in each age grioom) the same

proxies as shown in Table AlSerbia for other West Balkan countries, Italy for San Marino, France

for Andorra and Monaco, and by applying average relative age distribution numbers from data
available in 200§ 2020 period forall remainingcountriesmissing information for a specific age group

Tables Al.2 show theoaintries lacking population data and the selected gap filling proxiesdaiose
specific mortality and morbidity. The proxies of casgecific mortality and morbidity are aligned as
much as possible to the alhuse mortality, but the former require different stratification of the data
than allcause mortality.

Table A12: Countries lacking population data and the selected gap filling proXx@scausespecific
mortality and morbidity

Data set Country Data used for gap Year of data used Country of data
filling for gap filling used for gap filling

Total population AD Total population 2020 AD

Total population BA Total population 2019 BA

Total population MC Total population 2019 MC

Population AD, MC Age distribution 2021 FR

(stratified by sex and age)

Population ' [ oyearsy Age distribution 2021 w{ O0X yp
(stratified by sex and age)

Population BA, XK Age distribution 2021 RS
(stratified by sex and age)

Population SM Age distribution 2021 IT

(stratified by sex and age)

b20SY ¢KS LRLMzZ I GA2Yy x yp &ffererid@Ebetdeen thedoal pgpulation@hdith® dzf | G S R
population < 85 years.
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Demographi@and healthdata

Data on the cause of death, number of natural deaths, and life expectancy are needed to calculate the
health outcomes. Eurostat data on causesleath (Eurostat, 20&) is available since 2011 fowyBar
AYGSNBIEET FTNRY WiSaa GKIYy m @8SFENR G2 dyn &St N&
Tabulation List, the latest tabulation existing for mortality data. According to the description of the
concentrationresponse functions (seerror! Reference source not foungonly natural deaths should b

e considered. Therefore, causes of death due to injury or poisoning-Y89), unknown and
unspecified causes (R®P9), and total deaths due to all causes are excluded before calculations.

Estimating the number of natural deaths with aygar interval is based on interpolation using the ratio
between alinatural deaths and all (natural + external) causes of deaffeé interval) and Eurostat
data on the total number of deaths (Eurostat, 2022d) given witkyadr interval. After this operation,
mortality data is aligned with life expectancy data, available from the Eurostat database (Eurostat,
2022e) on a Year interval, by age and sex, from 0 to 85+ years old, since 1960. Life expeciamcies
extrapolated for ages above 85, using regression on life expectancy data for age graups, 19
reflect all age groups available for mortality data (up to 95+).

Gap filling was done for countries where the data described above is unavailable in the Eurostat
datasets. Data on causes of death are available from 2011 onwards and that year is used as proxy for
years 2005 2010.Afterwards, gap filling is performed for missing data on external causes of deaths
using average of number of deaths due to external causes from previous 5 years. Then, missing
numbers of deaths due to natural causes are-{iigd by subtracting the numbeof deaths due to
external causes frorthe totals.

Data on the number of deaths and life expectancy are available for most countries since 2005.
Nevertheless, for cases where data is unavailable, gap filling is performed using relative age
distribution numbers of mortality (mortality ratios, or the numbef @eaths per population in each

age group) and YLL ratios, following similar methodology as described for population numbers. Original
data is used where possible, i.e., if the original life expectancy numbers exist, they are used for
calculating YLL ratgeven if mortality ratios have to be géifed.

Tables with the logic of gap filling of demographic data (Data s&BISassessment year vS proxy
country) is availabl&om the EEAIpon requesfor the allcause mortality estimations.

As for population, the proxies of causpecific mortality and morbidity are aligned as much as possible
to the allcause mortality, but the former require different stratification of the data thancallse
mortality. Tables A1.3 and Al.4 show the gidphg proxies for auntries lacking life expectanand
other healthdata and the selected gap filling proxies for cagpecific mortality and morbidity

Table A13: Countries lackindife expectancydata and the selected gap filling proxidsr cause
specific mortality and morbidity

Data set Country Data used for gap filling  Year of data used Country of data
for gap filling used for gap filling

Life expectancy AD, MC YLL rates 2021 FR

Lifeexpectancy BA, XK YLL rates 2021 RS

Life expectancy LI YLL rates 2021 AT

Life expectancy SM YLL rates 2021 IT

Life expectancy TR Life expectancy 2019 TR
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Table Al4: Countries lacking health data and the according gap filling profeescausespecific
mortality and morbidity

Data set Country Data used for gap Year of data used Country of data used
filling for gap filling for gap filling

Asthma (children)

Mortality AL, BA, ME, MK, XK Mortality rate 2021 RS

Mortality BE, FRGR, HR, IE, IT, L Mortality rate 2020 BE, FR, GR, HR, IE, |
NO, PT, RO, SE LV, NO, PT, RO, SE

Mortality AD, MC Mortality rate 2020 FR

Mortality CcYy Mortality rate 2020 GR

Mortality DK, IS Mortality rate 2019 DK

Mortality EE Mortality rate 2020 LV

Mortality LU Mortality rate 2019 LU

Mortality SM, MT Mortality rate 2020 IT

Mortality Sl Mortality rate 2020 SK

Mortality TR Mortality rate 2019 TR

Prevalence LI Prevalence rate 2019 AT

Prevalence RS Prevalence rate 2019 RS+XK

Prevalence XK Prevalence rate 2019 RS+XK

Asthma (adults), COPD, DM, IHD, Stroke

Mortality BE, DK, EE, FR, GR, H Mortality rate 2020 BE, DK, EE, FR, GR,
IE, IS, IT, MT, NO, PT, IE, IS, IT, MT, NO, PT
SE, SI RO, SE, SI

Mortality AL, BA, ME, MK, XK Mortality rate 2021 RS

Mortality AD, MC Mortality rate 2020 FR

Mortality SM Mortality rate 2020 IT

Mortality TR Mortality rate 2019 TR

Only for asthma IS, LU, MT Mortality rate -- According to GBD

(adults): (1524 years) 2019 study or

Mortality (1524 mortality rates in

years) following age groups,

data was set to 0

Prevalence AL, BA, ME, MK, XK Prevalence rate 2019 RS

Prevalence CH Prevalence rate 2019 AT

Prevalence LI Prevalence rate 2019 AT

Prevalence SM Prevalence rate 2019 IT

LC

Mortality AL, BA, XK Mortality rate 2020 RS

Mortality AD, MC Mortality rate 2020 FR
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Data set Country Data used for gap Year of data used Country of data used
filling for gap filling for gap filling
Mortality SM Mortality rate 2020 IT
Prevalence AD, MC Prevalence rate 2020 FR
Prevalence LI Prevalence rate 2020 AT
Prevalence SM Prevalence rate 2020 IT
Prevalence RS Prevalence rate 2020 RS+XK
Prevalence XK Prevalence rate 2020 RS+XK
Hospital admissions due to respiratory diseases
Prevalence AL, BA, ME, MK, XK Prevalence rate 2019 RS
Prevalence AD, MC Prevalence rate 2019 FR
Prevalence MT Prevalence rate 2019 IT
Prevalence LI Prevalence rate 2019 AT
Prevalence BU Prevalence rate 2019 RO
Prevalence DK Prevalence rate 2019 NO
Prevalence EE Prevalence rate 2019 LV
Prevalence Fl Prevalence rate 2019 SE
Prevalence GR Prevalence rate 2019 RO
Prevalence LU Prevalence rate 2019 DE
Prevalence TR Prevalence rate 2019 RO
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Annex 2 Results for the causspecific analyses
PM:s (longterm effects) and asthma (children < 15 years)

Table A2.1: Asthma diseasrirden (AD) due td®M. s for children < 15 years for 41 European
countries (individual and total countries) and the EU27 in 2021

PAF (95 % CI: low, higt AD(®(95 % CI: low, high) AD10°inhabitants < 15 year:
(95 % CI: low, high)

Country mean low high mean low high mean low high
Austria 0.13 0.05 0.21 0 0 0 0.0 0.0 0.0
Belgium 0.16 0.06 0.24 0 0 0 0.0 0.0 0.0
Bulgaria 0.26 0.10 0.38 0 0 0 0.0 0.0 0.0
Croatia 0.24 0.09 0.36 0 0 0 0.0 0.0 0.0
Cyprus 0.23 0.09 0.35 0 0 0 0.0 0.0 0.0
Czechia 0.22 0.08 0.33 0 0 0 0.0 0.0 0.0
Denmark 0.09 0.03 0.14 0 0 0 0.0 0.0 0.0
Estonia 0.03 0.01 0.04 <1 <1 <1 <10 <10 <10
Finland 0.01 0.00 0.02 0 0 0 0.0 0.0 0.0
France 0.12 0.04 0.19 <10 <1 <10 <10 <10 <10
Germany 0.12 0.04 0.19 <1 <1 <1 <10 <10 <10
Greece 0.27 0.10 0.40 0 0 0 0.0 0.0 0.0
Hungary 0.24 0.09 0.36 0 0 0 0.0 0.0 0.0
Ireland 0.06 0.02 0.09 <1 <1 <1 <10 <10 <10
Italy 0.23 0.08 0.34 <1 <1 <1 <10 <10 <10
Latvia 0.15 0.06 0.24 <1 <1 <1 <10 <10 <10
Lithuania 0.17 0.06 0.27 0 0 0 0.0 0.0 0.0
Luxembourg 0.07 0.03 0.12 0 0 0 0.0 0.0 0.0
Malta 0.18 0.06 0.28 <1 <1 <1 <10 <10 <10
Netherlands 0.13 0.05 0.20 <1 <1 <1 <10 <10 <10
Poland 0.00 0.00 0.00 <10 <1 <10 <10 <10 <10
Portugal 0.00 0.00 0.00 0 0 0 0.0 0.0 0.0
Romania 0.00 0.00 0.00 <1 <1 <1 <10 <10 <10
Slovakia 0.00 0.00 0.00 0 0 0 0.0 0.0 0.0
Slovenia 0.00 0.00 0.00 0 0 0 0.0 0.0 0.0
Spain 0.12 0.04 0.20 <1 <1 <1 <10 <10 <10
Sweden 0.00 0.00 0.00 0 0 0 0.0 0.0 0.0
Albania 0.28 0.11 042 0 0 0 0.0 0.0 0.0
Andorra 0.10 0.03 0.16 <1 <1 <1 <10 <10 <10
Bosnia& Herzegovina 0.38 0.15 0.54 0 0 0 0.0 0.0 0.0
Iceland 0.00 0.00 0.01 0 0 0 0.0 0.0 0.0
Kosovo 0.00 0.00 0.00 0 0 0 0.0 0.0 0.0
Liechtenstein 0.08 0.03 0.14 0 0 0 0.0 0.0 0.0
Monaco 0.13 0.05 0.21 <1 <1 <1 <10 <10 <10
Montenegro 0.30 0.11 043 0 0 0 0.0 0.0 0.0
North Macedonia 039 0.16 0.56 0 0 0 0.0 0.0 0.0
Norway 0.00 0.00 0.00 0 0 0 0.0 0.0 0.0
SanMarino 0.00 0.00 0.00 <1 <1 <1 <10 <10 <10
Serbia 0.00 0.00 0.00 0 0 0 0.0 0.0 0.0
Switzerland 0.09 0.03 0.15 0 0 0 0.0 0.0 0.0
Tirkiye (TR) N/A N/A N/A N/A N/A N/A N/A N/A N/A
EU27 - - - <10 <10 <10 <10 <10 <10
Allcountries (no TR) - - - <10 <10 <10 <10 <10 <10

(® Total and national data are rounded
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Table A2.2:Asthma disease burden (YLdiye to PM. s for children < 15 years for 41 European
countries (individual and total countries) and the EU27 in 2021

PAF (95 % CI: low, higt YLL% (95 % CI: low, high)  YLL/18inhabitants < 15
years (95 % CI: low, high)

Country mean low high mean low high mean low high
Austria 0.13 0.05 0.21 0 0 0 0.0 0.0 0.0
Belgium 0.16 0.06 0.24 0 0 0 0.0 0.0 0.0
Bulgaria 0.26 0.10 0.38 0 0 0 0.0 0.0 0.0
Croatia 0.24 0.09 0.36 0 0 0 0.0 0.0 0.0
Cyprus 0.23 0.09 0.35 0 0 0 0.0 0.0 0.0
Czechia 0.22 0.08 0.33 0 0 0 0.0 0.0 0.0
Denmark 0.09 0.03 0.14 0 0 0 0.0 0.0 0.0
Estonia 0.03 0.01 0.04 <10 <1 <10 <10 <10 <10
Finland 0.01 0.00 0.02 0 0 0 0.0 0.0 0.0
France 0.12 0.04 0.19 53 19 84 <10 <10 <10
Germany 0.12 0.04 0.19 9 3 14 <10 <10 <10
Greece 0.27 0.10 0.40 0 0 0 0.0 0.0 0.0
Hungary 0.24 0.09 0.36 0 0 0 0.0 0.0 0.0
Ireland 0.06 0.02 0.09 <10 <10 13 <10 <10 1.3
ltaly 0.23 0.08 0.34 15 <10 23 <10 <10 <10
Latvia 0.15 0.06 0.24 10 <10 15 3.2 1.1 4.9
Lithuania 0.17 0.06 0.27 0 0 0 0.0 0.0 0.0
Luxembourg 0.07 0.03 0.12 0 0 0 0.0 0.0 0.0
Malta 0.18 0.06 0.28 <1 <1 <1 <10 <10 <10
Netherlands 0.13 0.05 0.20 21 <10 33 <10 <10 1.2
Poland 0.32 0.12 0.46 42 16 62 <10 <10 1.1
Portugal 0.07 0.02 0.11 0 0 0 0.0 0.0 0.0
Romania 0.24 0.09 0.36 13 <10 20 <10 <10 <10
Slovakia 0.26 0.10 0.39 0 0 0 0.0 0.0 0.0
Slovenia 0.19 0.07 0.29 0 0 0 0.0 0.0 0.0
Spain 0.12 0.04 0.20 <10 <10 13 <10 <10 <10
Sweden 0.03 0.01 0.04 0 0 0 0.0 0.0 0.0
Albania 0.28 0.11 0.42 0 0 0 0.0 0.0 0.0
Andorra 0.10 0.03 0.16 <1 <1 <1 <10 <10 <10
Bosnia and 038 015 054 0 0 0 0.0 0.0 0.0
Herzegovina

Iceland 0.00 0.00 0.01 0 0 0 0.0 0.0 0.0
Kosovo 0.29 0.11 0.42 0 0 0 0.0 0.0 0.0
Liechtenstein 0.08 0.03 0.14 0 0 0 0.0 0.0 0.0
Monaco 0.13 0.05 0.21 <1 <1 <1 <10 <10 <10
Montenegro 0.30 0.11 043 0 0 0 0.0 0.0 0.0
North Macedonia 039 0.16 0.56 0 0 0 0.0 0.0 0.0
Norway 0.04 0.01 0.06 0 0 0 0.0 0.0 0.0
San Marino 0.19 0.07 0.29 <1 <1 <1 <10 <10 <10
Serbia 0.36 0.14 0.52 0 0 0 0.0 0.0 0.0
Switzerland 0.09 0.03 0.15 0 0 0 0.0 0.0 0.0
Turkiye(TR) N/A N/A NA N/A N/A N/A N/A N/A N/A
EU27 - - - 182 66 280 <10 <10 <10
All countries (no TR) - - - 182 66 280 <10 <10 <10

(® Total and national data are rounded
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Table A2.3:Asthma disease burden (YLDue to PM;s for children < 15 years for 41 European
countries (individual and totatountries) and the EU27 in 2021

PAF (95 % CI: low, higt YLD®(95 % CI: low, high)  YLD/18inhabitants < 15
years (95 % CI: low, high)

Country mean low high mean low high mean low high
Austria 0.13 0.05 0.21 395 140 618 30.7 10.9 48.1
Belgium 0.16 0.06 0.24 642 229 1002 33.1 11.8 51.7
Bulgaria 0.26 0.10 0.38 443 165 665 44.4 16.5 66.6
Croatia 0.24 0.09 0.36 256 96 383 44.3 16.6 66.3
Cyprus 0.23 0.09 0.35 87 43 163 60.3 30.0 113.2
Czechia 0.22 0.08 0.33 594 219 902 34.5 12.7 52.5
Denmark 0.09 0.03 0.14 191 66 306 20.1 7.0 32.2
Estonia 0.03 0.01 0.04 <10 <10 12 3.5 1.2 5.7
Finland 0.01 0.00 0.02 27 <10 44 3.1 1.1 5.1
France 0.12 0.04 0.19 3945 1394 6218 33.0 11.7 52.0
Germany 0.12 0.04 0.19 2 689 948 4 246 23.4 8.3 37.0
Greece 0.27 010 0.40 901 338 1343 59.6 22.4 88.9
Hungary 0.24 0.09 0.36 568 210 860 40.1 14.8 60.7
Ireland 0.06 0.02 0.09 179 62 287 17.9 6.2 28.7
Italy 0.23 0.08 0.34 2776 1031 4181 36.3 13.5 54.8
Latvia 0.15 0.06 0.24 93 34 144 30.7 11.1 47.6
Lithuania 0.17 0.06 0.27 125 45 194 29.6 10.6 46.0
Luxembourg 0.07 0.03 0.12 21 <10 34 21.0 7.3 33.8
Malta 0.18 0.06 0.28 34 12 52 485 17.4 75.3
Netherlands 0.13 0.05 0.20 808 285 1275 29.8 10.5 47.0
Poland 0.32 0.12 0.46 4931 1893 7 208 84.2 32.3 123.1
Portugal 0.07 0.02 0.11 336 117 538 24.3 8.5 38.9
Romania 0.24 0.09 0.36 1391 515 2100 46.0 17.0 69.4
Slovakia 0.26 0.10 0.39 338 126 507 38.9 14.5 58.3
Slovenia 0.19 0.07 0.29 128 47 196 40.3 14.7 61.7
Spain 0.12 0.04 0.20 1732 614 2721 25.6 9.1 40.2
Sweden 0.03 0.01 0.04 150 52 242 8.2 2.8 13.2
Albania 0.28 0.11 042 183 69 271 39.2 14.8 58.1
Andorra 0.10 0.03 0.16 <10 <10 <10 26.7 9.3 425
Bosnia and 038 015 054 380 152 537 762 305  107.7
Herzegovina

Iceland 0.00 0.00 o0.01 <10 <1 <10 1.0 <10 1.6
Kosovo 029 0.11 042 104 39 154 40.5 15.2 60.2
Liechtenstein 0.08 0.03 0.14 <10 <10 <10 19.6 6.8 31.4
Monaco 0.13 0.05 0.21 <10 <10 <10 345 12.2 545
Montenegro 0.30 0.11 043 58 22 85 52.1 20.0 76.4
North Macedonia 0.39 0.16 0.56 258 103 365 77.5 30.9 109.6
Norway 0.04 0.01 0.06 107 37 173 11.7 4.0 18.8
San Marino 0.19 0.07 0.29 <10 <10 <10 48.8 17.6 75.5
Serbia 0.36 0.14 0.52 503 198 722 51.4 20.2 73.7
Switzerland 0.09 0.03 0.15 358 125 570 27.4 9.6 43.7
Turkiye (TR) N/A N/A  N/A N/A N/A N/A N/A N/A N/A
EU27 - - - 23787 8699 36441 35.3 12.9 54.1
All countries (no TR) - - - 25750 9448 39335 35.6 13.1 54.4

(® Total and national data are rounded
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Table A2.4:Asthma disease burden (DALY) attributable to BMfor children < 15 years for 41
European countries (individual and totalountries) and the EU27 in 2021

DALY (95 % CI: low, high) DALY/1®inhabitants < 15 years
(95 % CI: low, high)
Country mean low high mean low high
Austria 395 140 618 30.7 10.9 48.1
Belgium 642 229 1002 33.1 11.8 51.7
Bulgaria 443 165 665 44.4 16.5 66.6
Croatia 256 96 383 44.3 16.6 66.3
Cyprus 87 43 163 60.3 30.0 113.2
Czechia 594 219 902 34.5 12.7 52.5
Denmark 191 66 306 20.1 7.0 32.2
Estonia <10 <10 14 4.0 1.4 6.6
Finland 27 <10 44 3.1 1.1 5.1
France 3999 1413 6 302 33.4 11.8 52.7
Germany 2 698 951 4 260 23.5 8.3 37.1
Greece 901 338 1343 59.6 22.4 88.9
Hungary 568 210 860 40.1 14.8 60.7
Ireland 187 65 300 18.7 6.5 30.0
Italy 2791 1036 4 205 36.5 13.6 55.1
Latvia 103 37 159 33.9 12.2 52.6
Lithuania 125 45 194 29.6 10.6 46.0
Luxembourg 21 <10 34 21.0 7.3 33.8
Malta 34 12 52 48.6 17.5 75.5
Netherlands 829 292 1308 30.6 10.8 48.2
Poland 4973 1909 7270 84.9 32.6 124.1
Portugal 336 117 538 24.3 8.5 38.9
Romania 1405 520 2121 46.4 17.2 70.1
Slovakia 338 126 507 38.9 14.5 58.3
Slovenia 128 47 196 40.3 14.7 61.7
Spain 1741 617 2734 25.8 9.1 40.4
Sweden 150 52 242 8.2 2.8 13.2
Albania 183 69 271 39.2 14.8 58.1
Andorra <10 <10 <10 27.0 9.4 43.1
Bosnia and Herzegovina 380 152 537 76.2 30.5 107.7
Iceland <10 <1 <10 1.0 <10 1.6
Kosovo 104 39 154 40.5 15.2 60.2
Liechtenstein <10 <1 <10 19.6 6.8 31.4
Monaco <10 <10 <10 35.0 12.3 55.3
Montenegro 58 22 85 52.1 20.0 76.4
North Macedonia 258 103 365 77.5 30.9 109.6
Norway 107 37 173 11.7 4.0 18.8
San Marino <10 <10 <10 49.0 17.7 75.8
Serbia 503 198 722 51.4 20.2 73.7
Switzerland 358 125 570 27.4 9.6 43.7
Tirkiye (TR) N/A N/A N/A N/A N/A N/A
EU27 23 969 8765 36721 35.6 13.0 54.5
All countries (no TR) 25932 9514 39615 35.9 13.2 54.8

(® Total andhational data are rounded
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PAF (95 % CI: low, higt

AD® (95 % CI: low, high) AD10°A Y Kl 6 A G+ y

(95 % CI: low, high)

Country mean low high mean low high mean low high
Austria 0.11 0.00 0.21 314 <10 586 4.7 <10 8.7
Belgium 0.13 0.00 0.24 511 <10 949 6.2 <10 11.4
Bulgaria 0.22 0.00 0.39 290 <10 512 5.5 <10 9.7
Croatia 0.20 0.00 0.36 332 <10 584 11.0 <10 19.3
Cyprus 0.20 0.00 0.35 27 <1 49 4.3 <10 7.6
Czechia 0.19 0.00 0.34 571 10 1023 7.1 <10 12.8
Denmark 0.07 0.00 0.14 248 <10 475 5.9 <10 11.4
Estonia 0.02 0.00 0.04 <10 <1 <10 <10 <10 <10
Finland 0.01 0.00 0.02 13 <1 25 <10 <10 <10
France 0.10 0.00 0.19 963 17 1809 2.0 <10 3.8
Germany 0.10 0.00 0.19 3184 55 5994 5.0 <10 9.5
Greece 0.23 0.00 0.40 707 13 1237 8.8 <10 154
Hungary 0.20 0.00 0.36 948 17 1691 13.0 <10 23.1
Ireland 0.05 0.00 0.09 72 <10 139 2.1 <10 4.1
Italy 0.19 0.00 0.34 4606 85 8 166 10.1 <10 17.8
Latvia 0.13 0.00 0.24 32 <1 59 2.3 <10 4.2
Lithuania 0.15 0.00 0.27 54 <1 99 2.6 <10 4.7
Luxembourg 0.06 0.00 0.12 10 <1 18 2.1 <10 4.0
Malta 0.15 0.00 0.28 15 <1 28 3.8 <10 7.1
Netherlands 0.11 0.00 0.21 614 11 1156 4.9 <10 9.2
Poland 0.27 0.01 047 1401 27 2390 5.0 <10 8.5
Portugal 0.06 0.00 0.11 151 <10 289 1.9 <10 3.7
Romania 0.20 0.00 0.36 1123 21 1996 7.9 <10 14.1
Slovakia 0.22 0.00 0.39 157 <10 277 3.9 <10 6.8
Slovenia 0.16 0.00 0.29 59 <10 106 3.7 <10 6.7
Spain 0.10 0.00 0.20 1100 19 2 056 3.1 <10 5.7
Sweden 0.02 0.00 0.04 68 <10 131 <10 <10 1.8
Albania 0.24 0.00 042 153 <10 266 7.8 <10 13.6
Andorra 0.08 0.00 0.16 <1 <1 <10 1.7 <10 3.2
Bosnia and 033 001 054 349 <10 569 132 <10 216
Herzegovina

Iceland 0.00 0.00 0.01 <1 <1 <1 <10 <10 <10
Kosovo 0.24 0.00 0.43 131 <10 229 9.7 <10 16.9
Liechtenstein 0.07 0.00 0.14 <1 <1 <1 15 <10 2.8
Monaco 0.11 0.00 0.21 <1 <1 <10 2.2 <10 4.1
Montenegro 0.25 0.00 0.43 36 <1 61 8.3 <10 14.2
North Macedonia 0.34 0.01 0.56 147 <10 240 9.8 <10 16.1
Norway 0.03 0.00 0.06 65 <10 126 1.7 <10 3.3
SanMarino 0.16 0.00 0.29 <10 <1 <10 8.2 <10 15.1
Serbia 0.31 0.01 0.52 643 13 1070 12.4 <10 20.7
Switzerland 0.08 0.00 0.15 131 <10 248 2.0 <10 3.8
Turkiye (TR) N/A N/A N/A N/A N/A N/A N/A N/A N/A
EU27 - - - 17574 315 31853 5.3 <10 9.6
All countries (no TR) - - - 19233 347 34672 5.4 <10 9.7

(® Total and national data are rounded
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Table A2.6:COPD disease burden (Ydupto PMosF 2 NJ | Rdzf 6 & x Hp @SFNE F2NJ
(individual and totalcountries) and the EU27 in 2021

PAF YLL YLL/IBA Y KF 6 A G |
(95 % CI: low, high) (95 % CI: low, high) years (95 % CI: low, high
Country mean low high mean low high mean low high
Austria 0.11 0.00 0.21 3342 58 6230 49.8 <10 92.9
Belgium 0.13 0.00 0.24 5819 102 10801 70.1 1.2 130.1
Bulgaria 0.22 0.00 0.39 2 308 43 4072 43.6 <10 76.9
Croatia 0.20 0.00 0.36 2 423 45 4260 79.9 15 140.5
Cyprus 0.20 0.00 0.35 220 <10 392 34.2 <10 61.0
Czechia 0.19 0.00 0.34 5567 101 9971 695 1.3 124.4
Denmark 0.07 0.00 0.14 2474 42 4745 59.3 1.0 113.7
Estonia 0.02 0.00 0.04 34 <1 66 3.5 <10 6.7
Finland 0.01 0.00 0.02 143 <10 282 35 <10 6.9
France 0.10 0.00 0.19 9 838 170 18480 20.7 <10 38.8
Germany 0.10 0.00 0.19 34 833 599 65584 55.1 <10 103.7
Greece 0.23 0.00 0.40 5240 98 9166 65.0 1.2 113.8
Hungary 0.20 0.00 0.36 10 182 185 18161 1394 2.5 248.7
Ireland 0.05 0.00 0.09 749 13 1443 22.2 <10 42.8
Italy 0.19 0.00 0.34 32 427 596 57491 70.8 1.3 125.6
Latvia 0.13 0.00 0.24 321 <10 590 22.6 <10 41.6
Lithuania 0.15 0.00 0.27 465 <10 858 22.2 <10 41.0
Luxembourg 0.06 0.00 0.12 116 <10 224 25.1 <10 48.4
Malta 0.15 0.00 0.28 168 <10 309 425 <10 78.2
Netherlands 0.11 0.00 0.21 6 647 114 12509 52.7 <10 99.1
Poland 0.27 0.01 0.47 13 557 260 23124 48.0 <10 81.9
Portugal 0.06 0.00 0.11 1188 20 2271 15.2 <10 29.1
Romania 0.20 0.00 0.36 10 133 185 18014 71.7 1.3 127.4
Slovakia 0.22 0.00 0.39 1708 32 3008 423 <10 74.4
Slovenia 0.16 0.00 0.29 517 <10 937 32.4 <10 58.8
Spain 0.10 0.00 0.20 10 318 179 19297 28.8 <10 53.9
Sweden 0.02 0.00 0.04 670 11 1296 9.1 <10 175
Albania 0.24 0.00 0.42 1269 24 2204 64.9 1.2 112.8
Andorra 0.08 0.00 0.16 <10 <1 18 17.2 <10 32.7
Bosnia and 033 001 054 2842 57 4641 108.0 22 1763
Herzegovina
Iceland 0.00 0.00 0.01 <10 <1 <10 <10 <10 1.8
Kosovo 0.24 0.00 0.43 1070 20 1866 79.0 1.5 137.7
Liechtenstein 0.07 0.00 0.14 <10 <1 18 315 <10 60.3
Monaco 0.11 0.00 0.21 <10 <1 11 224 <10 42.1
Montenegro 0.25 0.00 0.43 310 6 530 71.7 1.4 122.7
North Macedonia 0.34 0.01 0.56 1330 27 2174 89.1 1.8 145.7
Norway 0.03 0.00 0.06 669 11 1291 175 <10 33.8
San Marino 0.16 0.00 0.29 16 <1 29 579 1.0 106.2
Serbia 0.31 0.01 0.52 5240 103 8722 101.2 2.0 168.4
Switzerland 0.08 0.00 0.15 1459 25 2774 226 <10 42.9
Turkiye (TR) N/A  N/A NA N/A  N/A N/A  N/A N/A N/A
EU27 - - - 161407 2885 293581 48.5 <10 88.3
All countries (no TR) - - - 175639 3159 317863 493 <10 89.2

(® Total and national data are rounded
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Table A2.7:COPD disease burden (Ylddpto PMpsT 2 NJ | Rdzf 6 & % Hp &SFNBR F2NJ
(individual and totalcountries) and the EU27 in 2021

PAF YLD3 YLD/IBA Y K| 6 A G |
(95 % CI: low, high) (95 % CI: low, high) years (95 % CI: low, higt
Country mean low high mean low high mean low high
Austria 0.14 0.06 0.22 2 996 1175 4609 447 175 68.7
Belgium 0.16 0.06 0.25 3822 1504 5858 46.0 18.1 70.5
Bulgaria 0.27 0.11 0.40 3083 1267 4541 58.2 239 85.7
Croatia 0.25 0.10 0.37 2442 1007 3587 805 332 118.3
Cyprus 0.25 0.10 0.37 335 201 660 522 313 102.8
Czechia 0.23 0.09 0.35 2 767 1123 4126 345 14.0 51.5
Denmark 0.09 0.03 0.14 900 345 1416 21.6 8.3 33.9
Estonia 0.03 0.01 0.04 45 17 72 4.6 1.7 7.3
Finland 0.01 0.01 0.02 133 50 213 3.3 1.2 5.2
France 0.13 0.05 0.20 25852 10072 40008 543 21.2 84.0
Germany 0.13 0.05 0.20 33462 13011 51879 529 20.6 82.0
Greece 0.28 0.12 042 2 925 1211 4281 36.3 15.0 53.1
Hungary 0.25 0.10 0.38 5447 2217 8092 746 304 110.8
Ireland 0.06 0.02 0.09 308 118 487 9.1 3.5 14.4
Italy 0.24 010 0.35 32726 13402 48400 715 293 105.7
Latvia 0.16 0.06 0.25 564 224 857 398 1538 60.5
Lithuania 0.18 0.07 0.28 1627 644 2480 77.7 30.7 118.4
Luxembourg 0.08 0.03 0.12 114 44 180 24.7 9.4 39.1
Malta 0.19 0.07 0.29 30 12 46 7.7 3.0 11.7
Netherlands 0.14 0.05 0.21 6049 2353 9375 479 18.6 74.3
Poland 0.33 0.14 0.48 17562 7435 25198 62.2 26.3 89.2
Portugal 0.07 0.03 0.12 2 160 829 3390 27.6 10.6 43.4
Romania 0.25 0.10 0.37 2804 1145 4155 19.8 8.1 29.4
Slovakia 028 0.11 041 2 250 926 3309 556 229 81.8
Slovenia 0.20 0.08 0.30 767 308 1154 48.1 19.3 72.4
Spain 0.13 0.05 0.20 8805 3443 13580 24.6 9.6 37.9
Sweden 0.03 0.01 0.05 241 92 382 3.3 1.2 5.2
Albania 0.30 0.12 043 1270 529 1848 65.0 27.1 94.5
Andorra 0.11 0.04 0.17 25 10 39 453 174 70.9
Bosnia and 040 018 056 2492 1098 3458 947 417 1314
Herzegovina
Iceland 0.00 0.00 0.01 <10 <10 <10 1.0 <10 1.6
Kosovo 0.30 0.12 044 957 397 1397 70.6 29.3 103.1
Liechtenstein 0.09 0.03 0.14 <10 <10 13 284 10.9 44.7
Monaco 0.14 0.05 0.21 16 <10 25 58.8 228 91.2
Montenegro 0.31 0.13 045 294 124 423 68.0 28.7 97.9
North Macedonia 041 0.18 0.57 1290 567 1792 86.5 38.0 120.1
Norway 0.04 0.01 0.06 271 103 428 7.1 2.7 11.2
San Marino 0.20 0.08 0.30 16 <10 24 590 235 89.6
Serbia 0.38 0.16 0.53 4621 2 000 6506 89.2 38.6 125.6
Switzerland 0.10 0.04 0.15 1979 763 3093 306 11.8 47.8
Turkiye (TR) N/A  N/A NA N/A N/A N/A  N/A  N/A N/A
EU27 - - - 160217 64171 242333 48.2 193 72.9
All countries (no TR) - - - 173459 69779 261381 487 19.6 73.4

(® Total and national data are rounded
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Table A2.8:COPD disease burden (DADYeto PMsF 2 NJ | Rdzf G & % Hp &@SEFNHE F2NJ
(individual and totalcountries) and the EU27 in 2021

DALY¥ (95 % CI: low, high) DALY/1DA YKl oAl yiGa »
(95 % CI: low, high)

Country mean low high mean low high
Austria 6 338 1233 10 839 94.5 18.4 161.7
Belgium 9641 1605 16 659 116.1 19.3 200.6
Bulgaria 5392 1310 8 614 101.8 24.7 162.6
Croatia 4 865 1052 7 847 160.4 34.7 258.7
Cyprus 555 205 1052 86.4 32.0 163.8
Czechia 8 334 1224 14 097 104.0 15.3 175.9
Denmark 3374 386 6 160 80.8 9.3 147.6
Estonia 79 18 138 8.0 1.8 14.0
Finland 276 52 495 6.8 1.3 12.2
France 35 690 10 241 58 488 75.0 215 122.8
Germany 68 295 13610 117 463 108.0 215 185.7
Greece 8 165 1308 13 447 101.3 16.2 166.9
Hungary 15 629 2402 26 253 214.0 32.9 359.5
Ireland 1058 130 1930 31.3 3.9 57.2
Italy 65 153 13997 105891 142.3 30.6 231.3
Latvia 884 229 1 447 62.4 16.2 102.1
Lithuania 2092 652 3338 99.9 31.1 159.4
Luxembourg 230 45 404 49.9 9.9 87.5
Malta 198 15 355 50.1 3.8 90.0
Netherlands 12 696 2 467 21 884 100.6 19.5 173.3
Poland 31119 7 695 48 322 110.2 27.2 171.1
Portugal 3348 850 5660 42.8 10.9 72.4
Romania 12 937 1330 22 169 91.5 9.4 156.8
Slovakia 3958 958 6 317 97.9 23.7 156.2
Slovenia 1284 317 2 091 80.6 19.9 131.2
Spain 19 123 3622 32 877 53.4 10.1 91.8
Sweden 911 103 1678 12.3 1.4 22.7
Albania 2 540 553 4052 129.9 28.3 207.3
Andorra 34 10 57 62.4 17.7 103.7
Bosnia and Herzegovina 5334 1156 8 099 202.7 43.9 307.7
Iceland <10 <10 <10 1.9 <10 3.4
Kosovo 2027 417 3263 149.6 30.8 240.8
Liechtenstein 18 <10 31 59.9 11.4 105.0
Monaco 22 <10 36 81.1 23.2 133.3
Montenegro 603 130 952 139.7 30.1 220.5
North Macedonia 2620 594 3967 175.6 39.8 265.8
Norway 940 115 1720 24.6 3.0 45.1
San Marino 31 <10 53 117.0 24.5 195.9
Serbia 9861 2103 15 228 190.4 40.6 294.0
Switzerland 3437 788 5867 53.2 12.2 90.7
Tirkiye (TR) N/A N/A N/A N/A N/A N/A
EU27 321 624 67 056 5350914 96.7 20.2 161.1
All countries (no TR) 349 097 72938 579 245 98.0 20.5 162.6

(® Total and national data are rounded
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PAF (95 % CI: low, higt

AD(® (95 % Clow, high)

ADIOSA Y KF 6 A G y

(95 % CI: low, high)

Country mean low high mean low high mean low high
Austria 0.23 0.12 0.33 766 405 1075 114 6.0 16.0
Belgium 0.27 0.14 0.37 407 216 568 49 2.6 6.8
Bulgaria 042 0.24 0.56 742 418 984 14.0 7.9 18.6
Croatia 0.39 0.22 0.52 1861 1051 2 463 61.4 34.7 81.2
Cyprus 0.39 0.22 0.52 191 106 256 29.7 16.5 39.9
Czechia 0.37 0.20 0.50 1875 1037 2 527 23.4 12.9 315
Denmark 0.15 0.08 0.22 196 100 284 4.7 2.4 6.8
Estonia 0.05 0.02 0.07 16 <10 23 1.6 <10 2.3
Finland 0.02 0.01 0.03 15 <10 23 <10 <10 0.6
France 0.21 011 0.30 2 609 1367 3692 5.5 2.9 7.8
Germany 0.21 011 0.30 5518 2884 7826 8.7 4.6 12.4
Greece 044 025 0.58 1060 602 1395 13.2 7.5 17.3
Hungary 040 0.22 0.53 1615 897 2164 22.1 12.3 29.6
Ireland 0.10 0.05 0.15 66 33 96 1.9 <10 2.8
Italy 0.37 021 0.50 9635 5389 12870 21.0 11.8 28.1
Latvia 0.26 0.14 0.36 192 103 265 135 7.3 18.7
Lithuania 0.29 0.16 041 209 112 290 10.0 5.3 13.8
Luxembourg 0.13 0.07 0.19 <10 <10 14 2.0 1.0 3.0
Malta 0.30 0.16 042 76 40 105 19.1 10.2 26.5
Netherlands 023 0.12 0.32 646 338 915 5.1 2.7 7.2
Poland 050 0.29 0.65 5 447 3182 7 001 19.3 11.3 24.8
Portugal 0.12 0.06 0.18 525 270 758 6.7 3.5 9.7
Romania 039 0.22 0.53 1549 864 2070 10.9 6.1 14.6
Slovakia 0.43 0.24 0.57 349 197 462 8.6 49 114
Slovenia 032 0.17 043 144 79 197 9.1 4.9 12.3
Spain 0.22 011 0.30 2324 1224 3273 6.5 3.4 9.1
Sweden 0.05 0.03 0.07 117 59 170 1.6 0.8 2.3
Albania 046 0.26 0.60 466 267 609 23.8 13.7 31.1
Andorra 0.18 0.09 0.26 <10 <10 <10 4.6 2.4 6.7
Bosnia and 058 036 072 995 610 1231 37.8 232 468
Herzegovina

Iceland 0.01 0.00 o0.01 <1 <1 <1 <10 <10 <10
Kosovo 046 0.26 0.61 406 231 532 29.9 17.1 39.2
Liechtenstein 0.15 0.08 0.22 <1 <1 <1 1.0 <10 1.5
Monaco 0.23 0.12 0.32 <10 <1 <10 5.9 3.1 8.4
Montenegro 047 0.27 0.61 108 63 139 24.9 14.5 32.1
North Macedonia 0.60 0.37 0.74 419 257 519 28.1 17.2 34.8
Norway 0.07 0.03 0.10 52 26 75 1.4 <10 2.0
San Marino 032 0.17 044 <10 <10 <10 17.9 9.7 24.7
Serbia 056 0.34 0.70 1877 1127 2 358 36.2 21.8 455
Switzerland 0.17 0.09 0.24 182 94 261 2.8 15 4.0
Tirkiye (TR) N/A N/A N/A N/A N/A N/A N/A N/A N/A
EU27 - - - 38157 20993 51766 115 6.3 15.6
All countries (no TR) - - - 42671 23673 57504 12.0 6.6 16.1

(® Total and national data are rounded
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Table A2.10: DM disease burden (YLUyeto PMpsFT 2 NJ | Rdzf G a x Hp &SFNAR F2NJ
(individual and totalcountries) and the EU27 in 2021

PAF YLLY) YLL/IBA Y KF 6 A G |
(95 % CI: low, high) (95 % CI: low, high) years (95 % CI: low, higt
Country mean low high mean low high mean low high
Austria 023 0.12 0.33 6 686 3534 9386 99.7 52.7 140.0
Belgium 0.27 0.14 0.37 4 156 2208 5804 50.0 26.6 69.9
Bulgaria 042 0.24 0.56 6 837 3847 9070 129.1 726 171.2
Croatia 039 0.22 0.52 14 283 8 067 18904 471.0 266.0 623.3
Cyprus 0.39 0.22 0.52 1633 906 2191 254.3 141.2 341.3
Czechia 0.37 0.20 0.50 16 059 8 880 21640 2004  110.8 270.0
Denmark 0.15 0.08 0.22 2047 1048 2962 49.0 25.1 71.0
Estonia 0.05 0.02 0.07 142 71 210 14.4 7.3 21.3
Finland 0.02 0.01 0.03 204 101 303 5.0 2.5 7.5
France 0.21 0.11 0.30 26 239 13 750 37132 55.1 28.9 78.0
Germany 0.21 0.11 0.30 48 672 25 440 69035 77.0 40.2 109.1
Greece 044 0.25 0.58 11074 6 289 14572 1375 78.1 180.9
Hungary 040 0.22 0.53 15 925 8 850 21348 218.1 121.2 292.3
Ireland 0.10 0.05 0.15 676 344 983 20.0 10.2 29.1
Italy 0.37 0.21 0.50 81 129 45376 108 362 177.2 99.1 236.7
Latvia 0.26 0.14 0.36 1836 986 2540 129.6 69.6 179.3
Lithuania 029 0.16 041 2227 1192 3089 106.3 56.9 1475
Luxembourg 0.13 0.07 0.19 91 47 133 19.8 10.1 28.8
Malta 0.30 0.16 0.42 738 396 1023 187.0 100.2 259.1
Netherlands 023 0.12 0.32 6 622 3463 9385 525 27.4 74.3
Poland 050 0.29 0.65 53 883 31478 69 252 190.8 1114 245.2
Portugal 0.12 0.06 0.18 4 447 2284 6413 56.9 29.2 82.1
Romania 0.39 0.22 0.53 14 914 8 318 19940 105.5 58.8 141.0
Slovakia 043 0.24 0.57 3944 2224 5222 97.6 55.0 129.2
Slovenia 0.32 0.17 0.43 1336 729 1823 839 458 1144
Spain 0.22 0.11 0.30 19 484 10 261 27448 54.4 28.7 76.7
Sweden 0.05 0.03 0.07 1152 584 1684 15.6 7.9 22.8
Albania 046 0.26 0.60 3758 2 153 4910 192.3 110.1 251.2
Andorra 0.18 0.09 0.26 25 13 37 46.6 24.0 67.1
Bosnia and 058 036 072 8074 4950 9994 306.8 1881 379.7
Herzegovina
Iceland 0.01 0.00 0.01 <10 <10 <10 <10 <10 1.3
Kosovo 046 0.26 0.61 3292 1877 4315 2429 1385 3184
Liechtenstein 0.15 0.08 0.22 18 <10 26 62.6 32.1 90.5
Monaco 0.23 0.12 0.32 16 <10 23 59.8 31.3 84.8
Montenegro 047 0.27 0.61 921 536 1190 2134 1242 275.4
North Macedonia 060 0.37 0.74 3786 2 318 4686 253.7 155.3 314.0
Norway 0.07 0.03 0.10 527 268 767 13.8 7.0 20.1
SanMarino 032 0.17 044 41 22 56 151.0 81.3 208.2
Serbia 056 0.34 0.70 15 231 9 145 19140 294.1 176.6 369.6
Switzerland 0.17 0.09 0.24 1756 907 2519 27.2 14.0 39.0
Turkiye (TR) N/A  N/A NA N/A N/A N/A  N/A N/A  N/A
EU27 - - - 346438 190672 469853 104.2 57.3 141.3
All countries (no TR) - - - 383887 212880 517518 107.7 59.7 145.2

(® Total and national data are rounded
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