
Environmental Burden of Disease Series, No. 8 

 

 

 
Burden of disease attributable to selected 
environmental factors and injuries among 
Europe's children and adolescents 

 

 

 

Francesca Valent 
D’Anna Little 
Giorgio Tamburlini 
Fabio Barbone 
 
 
 
 
 
 
 
 
 
¨ 
 
 
        
           
  

World Health Organization 
Regional Office for Europe 
European Centre for  
Environment and Health, Rome 
Protection of the Human Environment, Geneva  
2004 

Fourth Ministerial Conference 
on Environment and Health 
Budapest, Hungary   
23-25 June 2004 



 

WHO Library Cataloguing-in-Publication Data 
 

Burden of disease attributable to selected environmental factors and injuries among 
Europe's children and adolescents / Francesca Valent ... [et al.] 
 
(Environmental burden of disease series / series editors: Annette Prüss-Ustün  
[et al.] ; no. 8) 

            
1.Environmental pollution - adverse effects  2.Wounds and injuries - chemically 
induced  3.Infant  4.Child  5.Adolescent  6.Cost of illness  7.Infant mortality  
8.Epidemiologic studies  9.Risk assessment - methods  I.Valent, Francesca..  
II.Prüss-Üstün, Annette.  III.Series. 
   

     ISBN 92 4 159190 0       (NLM classification: WA 671) 
ISSN 1728-1652 
 
 
Suggested Citation 
 
Valent F, Little D, Tamburlini G, Barbone F. Burden of disease attributable to 
selected environmental factors and injuries among Europe's children and 
adolescents.  Geneva, World Health Organization, 2004 (WHO Environmental 
Burden of Disease Series, No. 8). 
 
 
 

© World Health Organization 2004 

All rights reserved. Publications of the World Health Organization can be obtained from 
Marketing and Dissemination, World Health Organization, 20 Avenue Appia, 1211 Geneva 
27, Switzerland (tel: +41 22 791 2476; fax: +41 22 791 4857; email: bookorders@who.int). 
Requests for permission to reproduce or translate WHO publications – whether for sale or 
for noncommercial distribution – should be addressed to Publications, at the above address 
(fax: +41 22 791 4806; email: permissions@who.int).  

The designations employed and the presentation of the material in this publication do not 
imply the expression of any opinion whatsoever on the part of the World Health Organization 
concerning the legal status of any country, territory, city or area or of its authorities, or 
concerning the delimitation of its frontiers or boundaries. Dotted lines on maps represent 
approximate border lines for which there may not yet be full agreement. 
 
The mention of specific companies or of certain manufacturers’ products does not imply that 
they are endorsed or recommended by the World Health Organization in preference to 
others of a similar nature that are not mentioned. Errors and omissions excepted, the names 
of proprietary products are distinguished by initial capital letters. 
 
The World Health Organization does not warrant that the information contained in this 
publication is complete and correct and shall not be liable for any damages incurred as a 
result of its use. 
 
The named authors alone are responsible for the views expressed in this publication. 
 
Printed by the WHO Document Production Services, Geneva, Switzerland. 



Table of contents 

 iii

Table of contents  

Preface ...................................................................................................................... xi 

Affiliations and acknowledgements.............................................................................. xiii 

List of abbreviations ..................................................................................................... xiv 

Summary ..................................................................................................................... xv 

1. Outdoor air pollution................................................................................................. 1 

1.1 Introduction ......................................................................................................... 1 
1.2 Methods ............................................................................................................... 1 
1.3 Results ................................................................................................................. 4 
1.4 Discussion............................................................................................................ 8 
1.5 Conclusions ....................................................................................................... 10 

2. Indoor air pollution (solid fuel use)......................................................................... 11 

2.1 Introduction ....................................................................................................... 11 
2.2 Methods ............................................................................................................. 11 
2.3 Results ............................................................................................................... 12 
2.4 Discussion.......................................................................................................... 14 
2.5 Conclusions ....................................................................................................... 15 

3. Water, sanitation and hygiene ................................................................................. 16 

3.1 Introduction ....................................................................................................... 16 
3.2 Methods ............................................................................................................. 16 
3.3 Results ............................................................................................................... 17 
3.4 Discussion.......................................................................................................... 20 
3.5 Conclusions ....................................................................................................... 20 

4. Lead ..................................................................................................................... 21 

4.1 Introduction ....................................................................................................... 21 
4.2 Methods ............................................................................................................. 21 
4.3 Results ............................................................................................................... 26 
4.4 Discussion.......................................................................................................... 29 
4.5 Conclusions ....................................................................................................... 31 

5. Injuries ..................................................................................................................... 32 

5.1 Introduction ....................................................................................................... 32 
5.2 Methods ............................................................................................................. 32 
5.3 Results ............................................................................................................... 33 
5.4 Discussion.......................................................................................................... 48 
5.5 Conclusions ....................................................................................................... 49 

6. Summary results ...................................................................................................... 50 

7. Uncertainties............................................................................................................ 59 

8. Conclusions ............................................................................................................. 61 

References ..................................................................................................................... 62 



Table of contents 

 iv

Annex 1 Member States of the WHO European mortality subregions ..................... 72 
Annex 2 Strength of evidence for the association between solid-fuel use and 

health outcomes .......................................................................................... 75 
Annex 3 Exposure data for household use of solid fuels .......................................... 76 
Annex 4  Definition of scenarios and relative risks for water, sanitation and 

hygiene........................................................................................................ 78 
Annex 5 Discounting and age weighting................................................................... 79 

 



Table of contents 

 v

List of figures 
 
Figure 4.1 DALYs due to MMR, assuming lead-prevention activity .................... 28 

Figure 5.1 Proportion of deaths from unintentional and intentional injuries, 
by age group and European subregion, year 2001 ................................ 41 

Figure 5.2 Proportion of deaths from external causes of unintentional 
injury, by age group, EUR A................................................................. 42 

Figure 5.3 Proportion of deaths from external causes of unintentional 
injury, by age group, EUR B. ................................................................ 42 

Figure 5.4 Proportion of deaths from external causes of unintentional 
injury, by age group, EUR C................................................................. 43 

Figure 5.5 Proportion of deaths from external causes of intentional injury, 
by age group, EUR A ............................................................................ 43 

Figure 5.6 Proportion of deaths from external causes of intentional injury, 
by age group, EUR B ............................................................................ 44 

Figure 5.7 Proportion of deaths from external causes of intentional injury, 
by age group, EUR C ............................................................................ 44 

Figure 5.8 Proportion of DALYs for external causes of unintentional injury, 
by age group, EUR A ............................................................................ 45 

Figure 5.9 Proportion of DALYs for external causes of unintentional injury, 
by age group, EUR B ............................................................................ 45 

Figure 5.10 Proportion of DALYs for external causes of unintentional injury, 
by age group, EUR C ............................................................................ 46 

Figure 5.11 Proportion of DALYs for external causes of intentional injury, 
by age group, EUR A ............................................................................ 46 

Figure 5.12 Proportion of DALYs for external causes of intentional injury, 
by age group, EUR B ............................................................................ 47 

Figure 5.13 Proportion of DALYs for external causes of intentional injury, 
by age group, EUR C ............................................................................ 47 

Figure 6.1 Proportion of all-cause deaths attributable to environmental 
factors among European children 0−4 years of age .............................. 54 

Figure 6.2 Proportion of all-cause deaths attributable to environmental 
factors among European children 5−14 years of age ............................ 55 

Figure 6.3 Proportion of all-cause deaths attributable to environmental 
factors among European children 15−19 years of age .......................... 55 

Figure 6.4 Proportion of all-cause DALYs attributable to environmental 
factors among European children 0−4 years of age .............................. 56 

Figure 6.5 Proportion of all-cause DALYs attributable to environmental 
factors among European children 5−14 years of age ............................ 56 



Table of contents 

 vi

Figure 6.6 Proportion of all-cause DALYs attributable to environmental 
factors among European children 15−19 years of age .......................... 57 

Figure A1.1 WHO European subregions................................................................... 73 



Table of contents 

 vii

List of tables 
 
Table 1.1 Child and infant mortality related to PM10 exposure................................... 4 

Table 1.2 Deaths attributable to outdoor air pollution calculated by applying 
the relative risk to ARIa mortality, children 0−4 years of age, EUR 
A.................................................................................................................... 6 

Table 1.3 Deaths attributable to outdoor air pollution calculated by applying 
the relative risk to ARI mortality, children 0−4 years of age, EUR B.......... 6 

Table 1.4 Deaths attributable to outdoor air pollution calculated by applying 
the relative risk to ARI mortality, children 0−4 years of age, EUR C.......... 6 

Table 1.5 Summary table of the burden of deaths attributable to outdoor air 
pollution in Europe calculated by applying the relative risk to ARI 
mortality, children 0−4 years of agea ............................................................ 7 

Table 1.6 Deaths attributable to outdoor air pollution calculated by applying 
the relative risk to all-cause mortality, children 0−4 years of age, 
EUR A........................................................................................................... 7 

Table 1.7 Deaths attributable to outdoor air pollution calculated by applying 
the relative risk to all-cause mortality, children 0−4 years of age, 
EUR B ........................................................................................................... 7 

Table 1.8 Deaths attributable to outdoor air pollution calculated by applying 
the relative risk to all-cause mortality, children 0−4 years of age, 
EUR C ........................................................................................................... 8 

Table 1.9 Summary table of the burden of deaths attributable to outdoor air 
pollution calculated by applying the relative risk to all-cause 
mortality, European children 0−4 years of agea............................................ 8 

Table 2.1 Exposure of children (0−14 years old) to indoor smoke from solid 
fuels, European subregionsa ........................................................................ 12 

Table 2.2 Acute lower respiratory infections in children 0−4 years of age 
attributable to household use of solid fuels, EUR A, year 2001................. 13 

Table 2.3 Acute lower respiratory infections in children 0−4 years of age 
attributable to household use of solid fuels, EUR B, year 2001 ................. 13 

Table 2.4 Acute lower respiratory infections in children 0−4 years of age 
attributable to household use of solid fuels, EUR C, year 2001 ................. 13 

Table 2.5 Summary of the burden of ALRI in children 0−4 years of age 
attributable to household solid fuel use in EUR, year 2001........................ 14 

Table 2.6 Asthma in children 5−14 years of age attributable to household use 
of solid fuels, EUR A, year 2001 ................................................................ 14 

Table 2.7 Asthma in children 5−14 years of age attributable to household use 
of solid fuels, EUR B, year 2001 ................................................................ 14 



Table of contents 

 viii

Table 2.8 Asthma in children 5−14 years of age attributable to household use 
of solid fuels, EUR C, year 2001 ................................................................ 14 

Table 3.1 Distribution of population by exposure scenario, EUR subregions............ 18 

Table 3.2 Estimates of attributable diarrhoea deaths and DALYs in children 
0−14 years of age caused by poor water, sanitation and hygiene in 
2001............................................................................................................. 18 

Table 3.3 Estimates of attributable diarrhoea deaths and DALYs in children 
0−14 years of age for different scenarios, EUR B and EUR C................... 19 

Table 3.4 Estimates of the burden of diarrhoeal disease in European children 
0−14 years of age attributable to poor water, sanitation and hygiene, 
2001............................................................................................................. 19 

Table 4.1 Blood lead levels in children 0−4 years old, by subregion. ........................ 26 

Table 4.2 Loss of IQ points, MMR and DALYs in children 0−4 years of age 
caused by environmental exposure to lead, for 2001.................................. 27 

Table 4.3 The burden of mild mental retardation in children 0−4 years old 
attributable to blood lead, for EUR............................................................. 28 

Table 5.1 Injury deaths by age and sex, EUR A, year 2001 ....................................... 35 

Table 5.2 Injury deaths by age and sex, EUR B, year 2001 ....................................... 36 

Table 5.3 Injury deaths by age and sex, EUR C, year 2001 ....................................... 37 

Table 5.4 Injury DALYs by age and sex, EUR A, year 2001..................................... 38 

Table 5.5 Injury DALYs by age and sex, EUR B, year 2001 ..................................... 39 

Table 5.6 Injury DALYs by age and sex, EUR C, year 2001 ..................................... 40 

Table 5.7 Burden of injury in Europe, children 0−19 years of age, 2001................... 40 

Table 6.1 Burden of disease for outdoor air pollution in children 0−4 years 
old, by EUR subregion................................................................................ 51 

Table 6.2 Burden of disease for indoor air pollution in children 0−14 years 
old, by EUR subregion................................................................................ 52 

Table 6.3 Burden of disease for water, sanitation, and hygiene in children 
0−14 years old, by EUR subregion ............................................................. 53 

Table 6.4 Burden of disease for lead in children 0−4 years old, by EUR 
subregiona.................................................................................................... 54 

Table 6.5 Burden of disease for all injuries in children 0−19 years old, by 
EUR subregion............................................................................................ 54 

Table 6.6 Deaths per 10 000 children 0−4 years of age attributable to five 
environmental risk factors, for 2001 ........................................................... 57 

Table 6.7 Deaths per 10 000 children 5−14 years of age attributable to five 
environmental risk factors, for 2001 ........................................................... 58 



Table of contents 

 ix

Table 6.8 Deaths per 10 000 children 15−19 years of age attributable to five 
environmental risk factors, for 2001 ........................................................... 58 

Table 6.9 DALYs per 10 000 children 0−4 years of age attributable to foura 
environmental risk factors, for 2001 ........................................................... 58 

Table 6.10 DALYs per 10 000 children 5−14 years of age attributable to foura 
environmental risk factors, 2001................................................................. 58 

Table 6.11 DALYs per 10 000 children 15−19 years of age attributable to foura  
environmental risk factors, for 2001 ........................................................... 58 

Table A1.1 Member States of the three EUR subregions .............................................. 72 

Table A1.2 Population size and mortality rates in infants and children for 
Member States of the WHO European subregionsa .................................... 74 

Table A3.1 Household solid-fuel use for countries in the WHO European 
Region ......................................................................................................... 76 

Table A4.1 Definition of scenarios for improved water, sanitation and hygiene 
servicesa....................................................................................................... 78 

Table A4.2 Relative risks for water, sanitation and hygiene scenariosa ........................ 78 

 



 

 x

 



Preface 

 xi

Preface 

The disease burden of a population, and how that burden is distributed across different 
subpopulations (e.g. infants, women), are important pieces of information for defining 
strategies to improve population health.  For policy-makers, disease burden estimates 
provide an indication of the health gains that could be achieved by targeted action 
against specific risk factors.  The measures also allow policy-makers to prioritize 
actions and direct them to the population groups at highest risk.  To help provide a 
reliable source of information for policy-makers, WHO recently analysed 26 risk 
factors worldwide, including some environmental risk factors, in the World Health 
Report (WHO, 2002).  The Environmental Burden of Disease (EBD) series of guides 
continues this effort to generate reliable information, and most of the guides provide 
step-by-step practical assistance on how to assess the environmental burden of disease 
at national and local levels.  
 
In this guide, we use the Global Burden of Disease methodology (WHO, 2001) to 
estimate the burden of childhood disease and injury attributable to selected 
environmental risks in the WHO European Region.  The study was carried out by the 
WHO Regional Office for Europe, European Centre for Environment and Health, 
Rome Office, through the Institute of Hygiene and Epidemiology, University of Udine 
and the Institute of Child Health “Burlo Garofolo” in Trieste, Italy, to serve as the 
basis for the Children’s Environment and Health Action Plan for Europe (CEHAPE), 
which is to be adopted at the Fourth Ministerial Conference on Environment and 
Health, Budapest, Hungary, 23−25 June 2004. 
 
Environmental exposures are known to be important contributors to the global burden 
of disease among children and adolescents, but there are still gaps in our knowledge 
about the magnitude and regional distribution of the environmental burden among the 
young.  This investigation is the first attempt to assess the overall impact of the 
environment on child health in the European Region, and to highlight the number of 
lives (and disabilities) that could be saved by reducing the exposure of children to 
these hazards.  The results indicate that indoor and outdoor air pollution, unsafe water 
conditions, lead exposure and injuries account for about one third of the total burden 
of disease in 0−19 year old children, and that substantial public-health gains could 
result from action aimed at reducing the exposure of children to these environmental 
risk factors and at preventing injuries.   
 
Based on the results of this study, four Regional priority goals have been proposed for 
CEHAPE.  They are to confront the health burden arising from: 1) lack of adequate 
water and sanitation; 2) mobility-related and transportation-related injuries, as well as 
unintentional injuries; 3) indoor and outdoor air pollution; and 4) hazardous chemicals 
and occupational hazards.  In many cases, effective actions for addressing these risk 
factors exist.  Multisectoral approaches, including engineering, educational and law 
enforcement interventions, have been shown to reduce the incidence of injury and the 
severity of the consequences.  Phasing out lead from gasoline also has proved to be 
effective at reducing mild mental retardation, cognitive disorders and behavioural 
problems associated with elevated blood lead levels.  And improvement of water 
quality has a dramatic effect on the health and survival of young children.  The four 
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CEHAPE priorities are to be adopted at the Fourth Ministerial Conference on 
Environment and Health, in Budapest, Hungary 23−25 June 2004.   
 
The ministerial conference is one in a series that started in Frankfurt in 1989, with the 
aim of promoting a European-wide political and public-health process on 
environmental health.  Recognizing that environmental health risks cannot be 
addressed without involving different sectors, these conferences facilitate dialogue 
and joint action among different stakeholders, and put health firmly on the agenda of 
environment, transportation and research authorities at different levels of decision-
making in Europe.  The ministerial conferences in the series have addressed different 
issues: principles and strategies (in Frankfurt, 1989); situation assessment in national 
plans (in Helsinki, 1994); action in partnership (in London, 1999); and vulnerable 
groups (in Budapest, 2004).   
 
We hope the results of this study will serve as a foundation for further EBD studies, 
and encourage countries to initiate their own.  The results would allow preventive 
actions to be better targeted, and could be used to assess progress in public health.  A 
summary of this report has also been published in: Valent F, Little D, Bertollini R, 
Nemer LE, Barbone F, Tamburlini G. Burden of disease attributable to selected 
environmental factors and injury among children and adolescents in Europe. Lancet 
2004; 363:2032-39. 
 
The European Centre for Environment and Health, Rome, of the WHO Regional 
Office for Europe would like to extend its heartfelt thanks to Dr Annette Prüss-Ustün 
and Dr Diarmid Campbell-Lendrum for their advice and support in making this 
publication part of the WHO Headquarters Environmental Burden of Disease Series. 
 
Finally, we are grateful to Kevin Farrell and Eileen Brown who put this document into 
its final format. 
 
 
 
 

Roberto Bertollini, MD, MPH 
Director, Division of Technical Support “Health Determinants” 

WHO Regional Office for Europe. 
 
 

Leda E Nemer, MPH 
Technical Officer, Children’s Health and Environment Programme 
WHO European Centre for Environment and Health, Rome Office.
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Summary 

Although exposures to environmental risks contribute significantly to the burden of 
disease among children and adolescents (Smith, Corvalan & Kjellstrom, 1999; WHO, 
2002), there are still gaps in our knowledge about the magnitude and regional 
distribution of the environmental burden of disease (EBD) among the young.  For the 
WHO European Region in particular, there are no estimates.  This study aims to 
estimate the burden of childhood disease and injury attributable to environmental risks 
in the WHO European Region, as well as the health gains that could be achieved by 
reducing the exposure of the child population to these risks.   
 
We analysed five environmental risks factors: 

− outdoor air pollution 

− indoor air pollution 

− water, sanitation, and hygiene 

− lead 

− injury. 

 
The burden of disease was measured in terms of the disability-adjusted life year 
(DALY), a summary measure that accounts for the impact both of “premature” death 
(i.e. the years of life lost due to premature death, or YLL), and of health problems 
among those who are alive (i.e. the number of years lived with a disability, or YLD).  
For the purpose of this study, we also considered the environment in a broad sense, 
and included both the physical and socioeconomic settings.  For this reason, we 
present the burden of all injuries, not just those directly attributable to the physical 
environment, such as occupational or domestic hazards.  The methods used to 
estimate the burden of child disease attributable to each risk factor are described 
separately for each risk factor, and are consistent with those developed by WHO for 
the Global Burden of Disease (GBD) study (WHO, 2000a).  Since patterns of 
morbidity and mortality vary across the European Region, and environmental factors 
are likely to be at least partly responsible for such differences, the analyses were 
performed separately for each of the three WHO European subregions, EUR A, EUR 
B, and EUR C (see Annex 1 for a list of the Member States in each subregion and for 
a description of the inclusion criteria).  This follows the classification used by WHO 
(WHO-CHOICE, 2003).   
 
The year 2001 was chosen as the reference year because it ensured a good balance 
between availability of data and timeliness.  Age groups included in the analyses were 
0−4, 5−14 and 15−19 years.  The age group 15−19 years was used so as to include the 
entire adolescent population and ensure comparability with other studies.  Due to the 
limited availability of complete data on exposures and health effects in all age groups, 
estimates of the disease burden attributable to certain risk factors did not include the 
complete child age range (0−19 years) and should therefore be considered 
conservative.  
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The burden of disease attributable to the five environmental risks accounted for one 
third of the total disease burden for children 0−19 years of age in the EUR Region.  
Among children 0−4 years of age, the five risks contributed to 21.9−26.5% of all 
deaths and to 19.8% of all DALYs.  Among those 5−14 years old, the risks 
contributed to 42.1% of all deaths and to 30.8% of all DALYs.  Among those 15−19 
years old, the risks were responsible for 59.9% of all deaths and for 27.1% of all 
DALYs.  Children living in EUR B and EUR C suffered the most from exposures to 
the environmental risk factors.  Injuries were the leading cause of deaths and DALYs 
in all age groups in EUR A and among children and adolescents 5−14 years old and 
15−19 years old in EUR B and EUR C. 
 
Given the scarcity of published and available literature from certain countries, results 
of this study may be skewed towards those with available data.  More uniform and 
widespread collection of environmental exposure data, as well as regional 
standardization and routine collection of morbidity and mortality statistics, are needed 
to improved burden of disease estimates. 
 
 




