COMPARATIVE QUANTIFICATION
OF HEALTH RISKS

GLOBAL AND REGIONAL BURDEN OF DISEASE
ATTRIBUTABLE TO SELECTED MAJOR
Risk FACTORS

VoLuUME 1

EDITED BY

MAajip Ezzati, ALAN D. LOoPEZ, ANTHONY RODGERS
AND CHRISTOPHER J.L. MURRAY

L‘<<§\
&
S\
"&9 4
==

————

World Health Organization
Geneva



WHO Library Cataloguing-in-Publication Data

Comparative quantification of health risks : global and regional burden of disease
attributable to selected major risk factors / edited by Majid Ezzati . . . [et al.].

2v.+v.3in1 CD-ROM.

Contents: vol. 1, Childhood and maternal undernutrition—Other
nutrition-related risk factors and physical activity—Addictive substances—
vol. 2, Sexual and reproductive health—Environmental and occupational
risks—Other selected risks—Distribution of risks by poverty—Data analysis
and results—Multi-risk assessment.—Annex tables CD-ROM, Population
attributable fractions, mortality and disease burden for selected major risk
factors.

1. Risk factors 2. Cost of illness 3. Risk assessment
4. Comparative study [ Ezzati, Majid. 1II. Title: Global and regional
burden of disease attributable to selected major risk factors.

ISBN 92 4 158031 3 (NLM Classification: WA 105)
© 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 noncom-
mercial 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 publica-
tion 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 Orga-
nization 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.

Typeset in Hong Kong
Printed in Switzerland



CONTENTS

Volume 1

List of authors . ... vii

Foreword . ...t
Richard Peto

Preface .. ..ot
Majid Ezzati, Alan D. Lopez, Anthony Rodgers and
Christopher J.L. Murray

1. Comparative quantification of health risks: conceptual
framework and methodological issues ....................
Christopher J.L. Murray, Majid Ezzati, Alan D. Lopez,
Anthony Rodgers and Stephen Vander Hoorn

Childhood and maternal undernutrition

2. Childhood and maternal underweight ....................
Steven M. Fishman, Laura E. Caulfield, Mercedes de Ounis,
Monika Blossner, Adnan A. Hyder, Luke Mullany and
Robert E. Black

3. Iron deficiency anaemia . ........covvuiinnnnnenenn.
Rebecca ]. Stoltzfus, Luke Mullany and Robert E. Black

4. Vitamin A deficiency ............ it
Amy L. Rice, Keith P. West Jr. and Robert E. Black

5. Zinc deficiency « v oot i e
Laura E. Caulfield and Robert E. Black

Other nutrition-related risk factors and physical inactivity

6. High blood pressure ........... ... ... ...
Carlene M.M. Lawes, Stephen Vander Hoorn,
Malcolm R. Law, Paul Elliott, Stephen MacMahon and
Anthony Rodgers

7. High cholesterol .. ... ... i

Carlene M.M. Lawes, Stephen Vander Hoorn,
Malcolm R. Law and Anthony Rodgers



iv

8.

10.

Comparative Quantification of Health Risks

Overweight and obesity (high body mass index) ...........
W. Philip T. James, Rachel Jackson-Leach,

Cliona Ni Mburchu, Eleni Kalamara, Maryam Shayeghi,
Neuville |. Rigby, Chizuru Nishida and Anthony Rodgers

Low fruit and vegetable consumption ...................
Karen Lock, Joceline Pomerleau, Louise Causer and
Martin McKee

Physical inactivity . ..........uiriirenni ..
Fiona C. Bull, Timothy P. Armstrong, Tracy Dixon,
Sandra Ham, Andrea Neiman and Michael Pratt

Addictive substances

11. Smoking and oral tobaccouse . .. ..... ...,
Majid Ezzati and Alan D. Lopez

12. Alcoholuse ...t
Jiirgen Rebm, Robin Room, Maristela Monteiro,
Gerhard Gmel, Kathryn Graham, Nina Rebn,
Christopher T. Sempos, Ulrich Frick and David Jernigan

13, THCit drug use . oo v v v ittt et e et e e
Louisa Degenhardt, Wayne Hall, Matthew Warner-Smith
and Michael Lynskey

Volume 2

Sexual and reproductive health

14, Unsafe SeX v v vttt e et et e e

15.

Emma Slaymaker, Neff Walker, Basia Zaba and
Martine Collumbien

Non-use and use of ineffective methods of contraception . ..
Martine Collumbien, Makeda Gerressu and John Cleland

Environmental and occupational risk factors

16.

Unsafe water, sanitation and hygiene ..................
Anmnette Priiss-Ustiin, David Kay, Lorna Fewtrell and
Jamie Bartram

17. Urban air pollution ........... ... ... ...,

18.

Aaron |. Cobhen, H. Ross Anderson, Bart Ostro,

Kiran Dev Pandey, Michal Krzyzanowski, Nino Kiinzli,
Kersten Gutschmidt, C. Arden Pope 111, Isabelle Romieu,
Jonathan M. Samet and Kirk R. Smith

Indoor air pollution from household use of solid fuels . . ...
Kirk R. Smith, Sumi Mebta and Mirjam Maeusezabl-Feuz

1255



CONTENTS

19. Lead eXposSure .. .ov vt ettt et
Annette Priiss-Ustiin, Lorna Fewtrell, Philip ]. Landrigan
and José Luis Ayuso-Mateos

20. Global climate change . .......... ... ... ... ... ... ...
Anthony McMichael, Diarmid Campbell-Lendrum,
Sari Kovats, Sally Edwards, Paul Wilkinson,
Theresa Wilson, Robert Nicholls, Simon Hales,
Frank Tanser, David Le Sueur, Michael Schlesinger and
Natasha Andronova

21. Selected occupational risk factors .....................
Marisol Concha-Barrientos, Deborab Imel Nelson,
Timothy Driscoll, N. Kyle Steenland, Laura Punnett,
Marilyn Fingerbut, Annette Priiss-Ustiin, James Leigh,
Sang Woo Tak and Carlos Corvalan

Other selected risk factors

22. Contaminated injections in health care settings . ..........
Anja M. Hauri, Gregory L. Armstrong and Yvan ].F. Hutin

23. Child sexual abuse . . ......... ... ... ... ... ..
Gavin Andrews, Justine Corry, Tim Slade, Cathy Issakidis
and Heather Swanston

Distribution of risk factors by poverty

24, Distribution of risks by poverty ......................
Tony Blakely, Simon Hales, Charlotte Kieft, Nick Wilson
and Alistair Woodward

Data analysis and results

25. Estimating attributable burden of disease from exposure and
hazard data ....... . ... . L
Stephen Vander Hoorn, Majid Ezzati, Anthony Rodgers,
Alan D. Lopez and Christopher ]J.L. Murray

26. Mortality and burden of disease attributable to individual
risk factors .. .o
Majid Ezzati, Anthony Rodgers, Alan D. Lopez,

Stephen Vander Hoorn and Christopher J.L. Murray

Multi-risk factor assessment

27. Potential health gains from reducing multiple risk factors ..
Majid Ezzati, Stephen Vander Hoorn, Anthony Rodgers,
Alan D. Lopez, Colin D. Mathers and
Christopher ].L. Murray

2167



vi Comparative Quantification of Health Risks

28. Effects of multiple interventions ...................... 2191
James Robins, Miguel Hernan and Uwe Siebert

29. Conclusions and directions for future research ........... 2231
Alan D. Lopez, Majid Ezzati, Anthony Rodgers,
Stephen Vander Hoorn and Christopher J.L. Murray

CD-ROM
Annex tables

Population attributable fractions, mortality and disease burden for
selected major risk factors



LisT OF AUTHORS

H. Ross Anderson, St George’s Hospital Medical School, University of
London, London, England (randerso@sghms.ac.uk).

Gavin Andrews, WHO Collaborating Centre for Evidence in Mental
Health Policy, St Vincent’s Hospital, Sydney, Australia
(gavina@crufad.unsw.edu.au).

Natasha Andronova, Department of Atmospheric Sciences, University
of Illinois at Urbana-Champaign,Urbana, IL, USA
(natasha@uiatma.atmos.uiuc.edu).

Gregory L. Armstrong, Division of Viral Hepatitis, Centers for Disease
Control and Prevention, Atlanta, GA, USA (GArmstrong@cdc.gov).

Timothy P. Armstrong, Chronic Diseases and Health Promotion,
World Health Organization, Geneva, Switzerland
(armstrongt@who.int).

José Luis Ayuso-Mateos, Servicio de Psiquiatria, Hospital Universitario
de la Princesa, Madrid, Spain (joseluis.ayuso@uam.es).

Jamie Bartram, Protection of the Human Environment, World Health
Organization, Geneva, Switzerland (bartramj@who.int).

Robert E. Black, Department of International Health, Johns Hopkins
Bloomberg School of Public Health, Baltimore, MD, USA
(rblack@jhsph.edu).

Tony Blakely, Department of Public Health, Wellington School of
Medicine and Health Sciences, University of Otago, Wellington,
New Zealand (tblakely@wnmeds.ac.nz).

Monika Blossner, Nutrition for Health and Development, World
Health Organization, Geneva, Switzerland (bloessnerm@who.int).

Fiona C. Bull, School of Sport & Exercise Sciences, Loughborough
University, Loughborough, Leicestershire, England
(E.C.L.Bull@lboro.ac.uk).

Diarmid Campbell-Lendrum, Protection of the Human Environment,
World Health Organization, Geneva, Switzerland
(campbelllendrumd@who.int).



viii Comparative Quantification of Health Risks

Laura E. Caulfield, Department of International Health, Center for
Human Nutrition, Johns Hopkins Bloomberg School of Public
Health, Baltimore, MD, USA (Icaulfie@jhsph.edu).

Louise Causer, European Centre on the Health of Societies in
Transition, Department of Public Health and Policy, London School
of Hygiene and Tropical Medicine, European London, England.

John Cleland, Centre for Population Studies, London School of

Hygiene and Tropical Medicine, London, England
(john.cleland@Ishtm.ac.uk).

Aaron J. Cohen, Health Effects Institute, Boston, MA, USA
(acohen@healtheffects.org).

Martine Collumbien, Centre for Population Studies, London School of
Hygiene and Tropical Medicine, London, England
(martine.collumbien@bigfoot.com).

Marisol Concha-Barrientos, Asociacion Chilena de Seguridad,
Gerencia de Salud, Santiago, Chile (gsamcb@gw.achs.cl).

Justine Corry, WHO Collaborating Centre for Evidence in Mental
Health Policy, St Vincent’s Hospital, Sydney, Australia
(j.corry@unsw.edu.au).

Carlos Corvalan, Protection of the Human Environment, World
Health Organization, Geneva, Switzerland (corvalanc@who.int).

Mercedes de Onis, Nutrition for Health and Development, World
Health Organization, Geneva, Switzerland (deonism@who.int).

Louisa Degenhardt, National Drug and Alcohol Research Centre,
University of New South Wales, Sydney, Australia
(l.degenhardt@unsw.edu.au)

Tracy Dixon, Cardiovascular Disease, Diabetes and Risk Factor
Monitoring Unit, Australian Institute of Health and Welfare,
Canberra, Australia (tracy.dixon@aihw.gov.au).

Timothy Driscoll, School of Public Health, University of Sydney,
Sydney, Australia (elmatom@optushome.com.au).

Sally Edwards, Department of Epidemiology and Population Health,
London School of Hygiene and Tropical Medicine, London, England
(edwardss@who.int).

Paul Elliot, Department of Epidemiology and Public Health, Imperial
College of Science Technology and Medicine, London, England
(p.elliot@ic.ac.uk).

Majid Ezzati, Harvard School of Public Health, Boston, MA, USA
(mezzati@hsph.harvard.edu).



LIST OF AUTHORS ix

Lorna Fewtrell, Centre for Research into Environment and Health,
University of Wales, Aberystwyth, Wales (lorna@creh.demon.co.uk).

Marilyn A. Fingerhut, National Institute for Occupational Safety and
Health, Washington, DC, USA (mfingerhut@cdc.gov).

Steven M. Fishman, Department of International Health, Center for
Human Nutrition, Johns Hopkins Bloomberg School of Public
Health, Baltimore, MD, USA (sfishman@jhsph.edu).

Ulrich Frick, Addiction Research Institute, Zurich, Switzerland
(ulrich.frick@isf.unizh.ch).

Makeda Gerressu, Department of Primary Care and Population
Sciences, Centre for Sexual Health and HIV Research, Royal Free
and University College Medical School, London, England
(mgerressu@gum.ucl.ac.uk).

Gerhard Gmel, Swiss Institute for the Prevention of Alcohol and Drug
Problems, Lausanne, Switzerland (ggmel@sfa-ispa.ch).

Kathryn Graham, Centre for Addiction and Mental Health, London,
Canada (kgraham@uwo.ca).

Kersten Gutschmidt, Protection of the Human Environment, World
Health Organization, Geneva, Switzerland (gutschmidtk@who.int).

Simon Hales, Department of Public Health, Wellington School of
Medicine and Health Sciences, University of Otago, Wellington,
New Zealand (shales@wnmeds.ac.nz).

Wayne Hall, Institute for Molecular Biosciences, University of
Queensland, Brisbane, Queensland, Australia
(w.hall@imb.uq.edu.au).

Sandra Ham, Centers for Disease Control and Prevention, Division of
Nutrition and Physical Activity, National Center for Chronic
Disease Prevention and Health Promotion, Atlanta, GA, USA
(svh6@cdc.gov).

Anja M. Hauri, Staatliches Untersuchungsamt Hessen, Dillenburg,
Germany (a.hauri@suah-ldk.hessen.de).

Miguel Hernan, Harvard School of Public Health, Boston, MA, USA
(mhernan@hsph.harvard.edu).

Yvan J.E Hutin, Essential Health Technology, World Health
Organization, Geneva, Switzerland (hutiny@who.int).

Adnan A. Hyder, Department of International Health, Health
Systems and Management Program, Johns Hopkins Bloomberg
School of Public Health, Baltimore, MD, USA
(ahyder@jhsph.edu).



X Comparative Quantification of Health Risks

Cathy Issakidis, WHO Collaborating Centre for Evidence in Mental
Health Policy, St Vincent’s Hospital, Sydney, Australia
(cathyi@crufad.unsw.edu.au).

Rachel Jackson-Leach, International Obesity Task Force, London,
England (rleach@iotf.org; rachjacklea@aol.com).

W. Philip T. James, International Obesity Task Force, London, England
(jeanhjames@aol.com).

David Jernigan, Health Policy Institute, Georgetown University,
Washington, DC, USA (djernigan@aol.com).

Eleni Kalamara, International Obesity Task Force, London, England
(obesity@iotf.org).

David Kay, Centre for Research into Environment and Health,
University of Wales, Aberystwyth, Wales
(Dave@crehkay.demon.co.uk).

Charlotte Kieft, Department of Public Health, Wellington School of
Medicine and Health Sciences, University of Otago, Wellington,
New Zealand.

Sari Kovats, Department of Epidemiology and Population Health,
London School of Hygiene and Tropical Medicine, London, England
(Sari.Kovats@Ishtm.ac.uk).

Michal Krzyzanowski, European Center for Environment and Health,
World Health Organization, Bonn, Germany
(mkr@ecehbonn.euro.who.int).

Nino Kinzli, Division of Occupational and Environmental Health,
Keck School of Medicine, University of Southern California, Los
Angeles, CA, USA (e-mail: Kuenzli@usc.edu).

Philip J. Landrigan, Department of Community & Preventive
Medicine, Mount Sinai School of Medicine, New York, NY, USA
(phil.landrigan@mssm.edu).

Malcolm R. Law, Department of Environmental and Preventive
Medicine, Wolfson Institute of Preventive Medicine, Barts and The
London, Queen Mary’s School of Medicine and Dentistry, London,
England (M.R.Law@gmul.ac.uk).

Carlene M.M. Lawes, Clinical Trials Research Unit, University of
Auckland, Auckland, New Zealand (c.lawes@ctru.auckland.ac.nz).

David Le Sueur (Deceased), Medical Research Council, Durban, South
Africa. Deceased.



LIST OF AUTHORS Xi

James Leigh, Centre for Occupational and Environmental Health,
School of Public Health, University of Sydney, Sydney, Australia
(jleigh@bigpond.com).

Karen Lock, European Centre on the Health of Societies in Transition,
Department of Public Health and Policy, London School of Hygiene
and Tropical Medicine, London, England (Karen.Lock@Ishtm.ac.uk).

Alan D. Lopez, School of Population Health, University of Queensland,
Brisbane, Queensland, Australia (e-mail: a.lopez@sph.uqg.edu.au).

Michael Lynskey, National Drug and Alcohol Research Centre,
University of New South Wales, Sydney, Australia.

Stephen MacMahon, Institute for International Health, University of
Sydney, Sydney, Australia (smacmahon@iih.usyd.edu.au).

Mirjam Maeusezahl-Feuz, Division of Epidemiology and Infectious
Diseases, Swiss Federal Office of Public Health, Bern, Switzerland
(mirjam.maeusezahl@bag.admin.ch).

Colin D. Mathers, Measurement and Health Information, World
Health Organization, Geneva, Switzerland (mathersc@who.int).

Martin McKee, European Centre on the Health of Societies in
Transition, Department of Public Health and Policy, London School
of Hygiene and Tropical Medicine, London, England
(martin.mckee@Ishtm.ac.uk).

Anthony McMichael, National Centre for Epidemiology and
Population Health, Australian National University, Canberra,
Australia (Tony.McMichael@anu.edu.au).

Sumi Mehta, Health Effects Institute, Boston, MA, USA
(smehta@healtheffects.org).

Maristela Monteiro, Pan American Health Organization, Washington,
DC, USA (monteirm@paho.org).

Luke Mullany, Department of International Health, Disease Prevention
and Control Program, Johns Hopkins Bloomberg School of Public
Health, Baltimore, MD, USA (Imullany@jhsph.edu).

Christopher J.L. Murray, Harvard University Initiative for Global
Health, Cambridge, MA, USA (christopher_murray@harvard.edu).

Andrea Neiman, Division of Nutrition and Physical Activity, National
Center for Chronic Disease Prevention and Health Promotion,
Centers for Disease Control and Prevention, Atlanta, GA, USA
(afn1@cdc.gov).

Deborah Imel Nelson, School of Civil Engineering and Environmental
Science, University of Oklahoma, Norman, OK, USA (imel@ou.edu).



xii Comparative Quantification of Health Risks

Cliona Ni Mhurchu, Clinical Trials Research Unit, University of
Auckland, Auckland, New Zealand
(c.nimhurchu@ctru.auckland.ac.nz).

Robert Nicholls, Flood Hazards Research Centre, University of
Middlesex, Enfield, England (r.nicholls@mdx.ac.uk).

Chizuru Nishida, Nutrition for Health and Development, World
Health Organization, Geneva, Switzerland (nishidac@who.int).

Bart Ostro, California Environmental Protection Agency, Office of
Environmental Health Hazard Assessment, Oakland, CA, USA
(bostro@oehha.ca.gov).

Kiran Dev Pandey, World Bank, DECRG-IE, Washington, DC, USA
(kpandey@worldbank.org).

Richard Peto, Clinical Trial Service Unit and Epidemiological Studies
Unit, Medical Sciences Division, University of Oxford, Oxford,
England (richard.peto@ctsu.ox.ac.uk).

Joceline Pomerleau, European Centre on the Health of Societies in
Transition, Department of Public Health and Policy, London School
of Hygiene and Tropical Medicine, London, England
(Joceline.Pomerleau@Ishtm.ac.uk).

Arden Pope, Department of Economics, Brigham Young University,
Provo, UT, USA (arden_pope@byu.edu).

Michael Pratt, Division of Nutrition and Physical Activity, National
Center for Chronic Disease Prevention and Health Promotion,
Centers for Disease Control and Prevention, Atlanta, GA, USA
(mxp4@cdc.gov).

Annette Priiss-Ustiin, Protection of the Human Environment, World
Health Organization, Geneva, Switzerland (pruessa@who.int).

Laura Punnett, University of Massachusetts, Lowell, MA, USA
(Laura_Punnett@UML.edu).

Jurgen Rehm, Centre for Addiction and Mental Health, Toronto,
Canada (jtrehm@aol.com).

Nina Rehn, UNODC—United Nations Office on Drugs and Crime,
Viet Nam Field Office, Hanoi, Vietnam (nina.rehn@unodc.org).

Amy L. Rice, Department of International Health, Center for Human
Nutrition, Johns Hopkins Bloomberg School of Public Health,
Baltimore, MD, USA (arice@jhsph.edu).

Neville J. Rigby, International Obesity Task Force, London, England
(nrigby@iotf.org).



LIST OF AUTHORS xiii

James Robins, Harvard School of Public Health, Boston, MA, USA
(robins@hsph.harvard.edu).

Anthony Rodgers, Clinical Trials Research Unit, University of
Auckland, Auckland, New Zealand (a.rodgers@ctru.auckland.ac.nz).

Isabelle Romieu, National Institute for Public Health, Cuernavaca,
Mexico (iromieu@correo.insp.mx).

Robin Room, Centre for Social Research on Alcohol and Drugs,
Stockholm University, Stockholm, Sweden
(Robin.Room@sorad.su.se).

Jonathan M. Samet, Department of Epidemiology, Johns Hopkins
Bloomberg School of Public Health, Baltimore, MD, USA
(jsamet@jhsph.edu).

Michael Schlesinger, Department of Atmospheric Sciences, University
of Illinois at Urbana-Champaign, Urbana, IL, USA
(schlesin@atmos.uiuc.edu).

Christopher T. Sempos, University at Buffalo, Buffalo, NY, USA
(sempos@buffalo.edu).

Maryam Shayeghi, International Obesity Task Force, London, England
(obesity@iotf.org).

Uwe Siebert, Institute for Technology Assessment, Massachusetts
General Hospital, Boston, MA, USA (usiebert@hsph.harvard.edu).

Tim Slade, WHO Collaborating Centre for Evidence in Mental Health
Policy, St Vincent’s Hospital, Sydney, Australia
(tims@crufad.unsw.edu.au).

Emma Slaymaker, Centre for Population Studies, London School of
Hygiene and Tropical Medicine, London, England
(emma.slaymaker@Ishtm.ac.uk).

Kirk R. Smith, School of Public Health, University of California,
Berkeley, CA, USA (krksmith@berkeley.edu).

N. Kyle Steenland, Rollins School of Public Health, Emory University,
Atlanta, GA, USA (nsteenl@sph.emory.edu).

Rebecca J. Stoltzfus, Division of Nutritional Sciences, Cornell
University, Ithaca, NY, USA (rjs62@cornell.edu).

Heather Swanston, WHO Collaborating Centre for Evidence in
Mental Health Policy, St Vincent’s Hospital, Sydney, Australia
(heathers@crufad.unsw.edu.au).

Sang Woo Tak, University of Massachusetts, Lowell, MA, USA
(SangWoo_Tak@student.uml.edu).



xiv Comparative Quantification of Health Risks

Frank Tanser, Africa Centre for Population Studies and Reproductive
Health, Mtubatuba, South Africa (tanserf@mrc.ac.za).

Stephen Vander Hoorn, Clinical Trials Research Unit, University of
Auckland, Auckland, New Zealand (svande@ctru.auckland.ac.nz).

Neff Walker, Joint United Nations Programme on HIV/AIDS
(UNAIDS), Geneva, Switzerland (walkern@unaids.org).

Matthew Warner-Smith, National Drug and Alcohol Research Centre,
University of New South Wales, Sydney, Australia.

Keith P. West Jr, Department of International Health, Center for
Human Nutrition, Johns Hopkins Bloomberg School of Public
Health, Baltimore, MD, USA (kwest@hsph.edu).

Paul Wilkinson, Department of Public Health and Policy, London
School of Hygiene and Tropical Medicine, England
(Paul.Wilkinson@Ishtm.ac.uk).

Nick Wilson Department of Public Health, Wellington School of
Medicine and Health Sciences, University of Otago, Wellington,
New Zealand (nwilson@actrix.gen.nz).

Theresa Wilson, University of Middlesex, Enfield, England
(Theresa7@mdx.ac.uk).

Alistair Woodward, School of Population Health, University of
Auckland, Auckland, New Zealand (a.woodward@auckland.ac.nz).

Basia Zaba, Centre for Population Studies, London School of Hygiene
and Tropical Medicine London, England (basia.zaba@Ishtm.ac.uk).



ACKNOWLEDGEMENTS

This book is the product of more than four years of collaborative effort
involving a large group of scientists across the world. This collaboration,
led by the World Health Organization (WHQO) and known as the com-
parative risk assessment (CRA) project, is one of the largest and most
comprehensive research projects ever undertaken by WHO. The success-
ful completion of the project, and this book, would not have been possi-
ble without great effort from a number of individuals and organizations.

More than 150 scientists, experts on the various risk factors and
methodological aspects, reviewed the chapters in this book with great
care, many of them multiple times, to ensure the scientific integrity, com-
pleteness and plausibility of the material and the conclusions. Many indi-
viduals and organizations donated their unpublished data to the project
to fill some of the existing data gaps. Stephen Vander Hoorn played a
key role in the design of the conceptual and methodological framework
for the analysis. The literally millions of calculations leading to the
disease burden estimates reported in these volumes are the result of his
invaluable technical and statistical abilities and perseverance. Our col-
leagues David Evans, Emmanuela Gakidou, Mie Inoue, Carlene Lawes,
Rafael Lozano, Doris Ma Fat, Susan Piccolo, Chalapati Rao, Joshua
Salomon, Kenji Shibuya and Niels Tomijima, provided substantial moti-
vational and intellectual support and assistance with the Global Burden
of Disease databases. We are especially grateful to Marie-Claude von
Rulach for her extraordinary efforts in helping to manage the network
of contributors and the collaborators meetings, and for secretarial
support. Technical discussions on burden of disease methodology with
Colin Mathers and Claudia Stein contributed greatly to improving the
scientific basis of the estimates.

The final editing and production of a book of this magnitude, with
contributions from numerous authors, is a challenging and complex
task. Kaarina Klint and Kai Lashley have managed that process with
great care and commitment. Editorial assistance from Stanislava
Nikolova, Anna Moore and Margaret Squadrani is highly appreciated.
Our thanks also to our technical and copy editors Andrew Colborne,
Heidi Mattock, Gillian Stanbridge and Frank Theakston for their
efforts to ensure consistency of style across chapters originally written
with varied disciplinary and personal styles. Colin Mathers, David Evans



xvi Comparative Quantification of Health Risks

and Ties Boerma generously and efficiently coordinated the production
process in its final stages.

The initial concept of the cover artwork was developed by Saied
Ezzati; the final arrangement of the cover design was done by Mark
Forrest and Emmanuela Gakidou.

The research published in this book forms part of the larger Global
Burden of Disease 2000 project, funded by a grant from the National
Institute on Aging (PO1-AG17625). Their support is gratefully
acknowledged.



FOREWORD

During the twentieth century reliable cause-specific mortality statistics
became available for many countries, culminating in the Global Burden
of Disease project which, during the 1990s, provided estimates for dif-
ferent regions of the world (with, obviously, varying degrees of reliabil-
ity) of the numbers of deaths due to major diseases, and of the amounts
of “disability-adjusted” loss of healthy life from those diseases. The
present study goes further, and seeks to estimate the amounts of death
and disability due to the main avoidable causes of those diseases. Its pre-
liminary conclusions underlay the 250-page World Health Organization
report on “Reducing Risks” (2002), the aim of which was to summa-
rize, for the first time, the amount of death and disability in each of 14
subregions of the world that is attributable not to particular diseases,
but to particular avoidable risk factors.

Such attributions of causality throw up, of course, many more diffi-
culties than were encountered in the previous studies of the Global
Burden of Disease, which merely tried to classify deaths by the one main
disease (or type of accident or violence) that underlay them. For, one
death may have several avoidable causes. For example, if a poorly nour-
ished child dies of measles, should “the cause” be thought of as expo-
sure to the virus, or as the lack of measles vaccination (in that child or
in the community), or as the poor diet (low in protein, energy and certain
micronutrients) that prevented recovery from the illness? The most
appropriate answer, if we want to prevent such deaths, is that each of
these factors should be thought of as “a cause” of a certain proportion
of the childhood deaths from measles. That is what the authors of the
World health report 2002 tried to do, and in the present much more
detailed series of monographs they explain to the interested (or disputa-
tive) reader much more about their main conclusions, and about how
they reached those conclusions. This is important, because over the years
some of the conclusions may need to be revised, as more detailed studies
are undertaken or as exposure and disease patterns evolve.

For many decades it has been recognized increasingly clearly by those
concerned with global health that much can affordably be achieved even
in relatively poor countries if resources are directed to the major diseases
of childhood and early adult life, and more recently the affordable avoid-
ability of much other adult mortality and morbidity has been recognized
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(see The Health of Adults in the Developing World). Ten years ago, the
1993 World Bank report, Investing in health (together with its com-
panion volume, Disease Control Priorities in Developing Countries) was
extremely influential in consolidating these ideas and getting them
accepted, and acted upon, by the major international economic
institutions.

But, any such cost-effectiveness calculations require, among other
things, reliable estimates of effectiveness, and the present report goes
further than any other in providing estimates of just how much mortal-
ity and morbidity could be avoided by addressing particular causes of
disease. In many parts of the world (the main exceptions being where
political disruption or HIV predominate) the risk of premature death has
been reduced by more than half over the past few decades, and prema-
ture death can be halved again over the next few decades if the major
intervention options are pursued to control disease and injury, and their
causes.

This book will greatly facilitate such progress. It is well organized,
stimulating and is an important part of a political and scientific process
that is already preventing many millions of deaths a year, and will
prevent many more millions of deaths a year in the future.

Sir Richard Peto
Professor of Medical Statistics and Epidemiology
University of Oxford, England
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A clear understanding of the role and relative magnitude of diseases,
injuries and their underlying causes—and effective and affordable inter-
ventions to reduce them—should guide policies and programmes for
health development. Over the centuries, the health of populations has
improved because science has helped us understand the main causes of
disease affecting large populations, and how technologies or programmes
can be delivered to reduce hazards among those affected or at risk.

While the monitoring and analysis of diseases and mortality in pop-
ulations has been largely undertaken by actuaries and demographers,
much of the work on causes of disease has emanated from research in
fields such as epidemiology, toxicology and physiology, which focus
on micro-level analysis. By its very nature, this research has quantified
hazards in the study population, with its specific characteristics. This
body of knowledge has had tremendous application in reducing the
established causes of disease, from smoking to iodine deficiency, in many
populations. The broader, policy-relevant issue of population effects of
exposure to risks, however, has remained under-explored relative to our
documentation of established diseases. Thus, while there has been
decades of epidemiological research into the leading causes of many
major diseases, from childhood diarrhoea to ischaemic heart disease,
there have been few attempts to estimate the population-level effects of
various exposures, either for specific countries and groups of countries,
or for the world and its major regions.

During the last quarter of the twentieth century, a number of works
have addressed both the methodological and empirical aspects of
population-wide effects of major causes of diseases. Examples include
the development of cancer risk models and methods to forecast the health
of ageing populations based on their causal determinants, and the
estimates of mortality due to risk factors such as smoking, asbestos
and childhood malnutrition. This gradual establishment of “risk assess-
ment” or “risk quantification” has been driven partly by the academic
curiosity of individual researchers and partly by the demands of regula-
tory agencies and public policy for better quantitative evidence on the
health implications of certain risk exposures.

This book provides a comprehensive assessment of the health effects
caused by a range of exposures that are known to be hazardous to human
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health. Its origins lie in the expressed need by policy and advocacy groups
for comparable data on risk factor exposure and effects in populations.
The only previous attempt to quantify risk factor burden worldwide, the
Global Burden of Disease (GBD) 1990 project, was affected by a lack of
conceptual and methodological comparability across risk factors; the
analysis of each risk was constrained by its own disciplinary tradition.
It nonetheless stimulated debate about the crucial role of risk factor
assessment as a cornerstone of the evidence base for public health action:
for instance, the leading risk factor in 1990, malnutrition, accounted for
substantially more disease burden worldwide than the leading cause of
disease at that time, acute lower respiratory infections.

A key concern of the current work on risks to health is to provide a
degree of conceptual and methodological consistency and comparability
across risk factors. The results reported in this book, therefore, differ in
a number of important ways from those of GBD 1990: a new analytical
framework and consistent set of definitions on “risk factor exposure”
have been used to enhance comparability; the number of exposures
assessed has more than doubled; and the analyses have benefited from
more recent and thorough research into causality and geographical vari-
ations in population exposures and health effects.

The scope of risks to health studied in this book covers many of the
most important hazards to health addressed by various fields of scien-
tific enquiry. Arguably, there are hundreds of risk exposures that are
harmful to health; and there are important implications for better under-
standing the disease burden they cause across the world. We have
selected only a relatively small number of exposures for quantification
in this book, largely determined by the availability of scientific research
about their prevalence and health effects in different parts of the world.
It was also important to make choices about the definition of each risk
factor. Given the close interrelationships among diet, exercise and phy-
siological risks on the one hand, or among water, sanitation and per-
sonal hygiene on the other, the exact definition of what a “risk factor”
is, itself requires careful attention. That a particular risk factor like
dietary fat intake does not appear in this book does not, of course, imply
that it is of limited relevance; or that exposure to lead has been assessed
separately from urban air pollution does not override their close link-
ages. Rather, we have limited ourselves to risk factors for which there
was good potential for satisfactory quantification of population expo-
sure distributions and health effects using the existing scientific evidence
and available data, and for which intervention strategies are available or
might be envisioned to modify their impact on disease burden.

The chapters in Volumes 1 and 2 of this book fall into two broad
categories: those that address specific risk factors, and those that provide
conceptual, methodological or empirical links across risks. The book
begins with a description of some of the important conceptual and
methodological issues in quantifying risk factor burden in a consistent
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and comparable framework. This is followed by twenty-two chapters,
organized under six broad sections, each of which present the back-
ground and the scientific evidence and empirical findings for individual
risks. These are followed by an attempt to quantify the distributions of
some risks by poverty levels. While much is known about the relation-
ship between poverty and health, it is undoubtedly too complex and
population-specific to be adequately assessed in a single quantification
effort. The research reported here is therefore limited to a simple
mapping of risks by poverty, based on existing data. Following the risk
factor chapters, the calculus of estimating the burden of disease attri-
butable to each risk factor from exposure and hazard data is presented,
followed by a chapter that summarizes the results for individual risk
factors.

Many policies and programmes affect multiple risks simultaneously,
motivating an assessment of the disease burden from multiple risk
factors. The focus on joint exposures and hazards is particularly impor-
tant because diseases and injuries are almost always caused by multiple
risk factors, which may act together on disease processes, or have effects
mediated through each other. We have therefore included two chapters
on the joint effects of multiple risk factor exposures. The final chapter
of the book provides conclusions and recommendations for future
research, based on the analytical findings presented in the book, as well
as the gaps in data and scientific knowledge that increased uncertainty
in quantifying risk factor burden reported here.

The specific risk factor chapters have been grouped according to clus-
ters of exposures likely to be of similar scientific or policy interest.
Volume 1 begins with four chapters on childhood and maternal under-
nutrition, which collectively cause a significant proportion of the child-
hood infectious disease burden worldwide. With substantial reductions
in child mortality over the past few decades in many countries, the focus
of scientific enquiry has progressively moved to improving our under-
standing of the causes of disease and injury among adults. The next five
chapters address the various distal (e.g. exercise), more proximal (e.g.
overweight and obesity), and physiological (e.g. suboptimal cholesterol
levels) risks that are clustered together under the label of nutrition and
physical activity. The last section in Volume 1 and the first section in
Volume 2, addictive substances and sexual and reproductive health,
include the major lifestyle and behavioural risks that are widespread in
many societies and, despite being the subject of scientific enquiry and
public health intervention for decades, present a range of complexities
in risk quantification.

The risk factors that are a part of the physical environment of house-
holds (e.g. indoor air pollution from household solid fuel use), commu-
nities (e.g. urban air pollution), or specific subgroups (e.g. occupational
risk factors) are the next group of risks assessed in Volume 2. The next
two chapters, childhood sexual abuse and contaminated medical injec-



xxii Comparative Quantification of Health Risks

tions, do not fall into any of the above broad categories and are pre-
sented independently. These two chapters, each representing a risk factor
that affects multiple important diseases, illustrate the potential for risk
assessment as an analytical tool for improving the public health evidence
base across a wide spectrum of health concerns.

In each of the specific risk factor chapters, the authors have provided
a definition of the risk factor and introduced an “exposure variable” that
best reflects the distribution of hazards in the population. The complex-
ity of disease causation mechanisms (e.g. sexual behaviour and sexually
transmitted infections), and the limitations posed by available data and
epidemiological studies (e.g. physical inactivity or indoor smoke from
solid fuels) have been important factors in the choice of exposure
variable. Coupled with this is the choice of a “theoretical-minimum-risk
population exposure distribution”, which can serve as a consistent base-
line for assessing attributable disease burden across difference risks.
For some risks such as smoking or childhood abuse, the theoretical-
minimum-risk population exposure distribution is obviously zero expo-
sure for the whole population; for others the choice of baseline exposure
distribution is less obvious, either because zero exposure is not definable
(e.g. blood pressure) or because it may not lead to the lowest risk level
in some populations (e.g. alcohol). Each chapter includes current esti-
mates of exposure distributions by age and sex for 14 epidemiological
subregions. The chapters also examine in detail the evidence for health
outcomes, including the evidence for causality and the estimates of
hazard (disease-specific) associated with each level of exposure. Each
chapter then concludes with summary results of the burden of disease
and injury in 2000 attributable to the risk factor, and when possible using
existing evidence and knowledge, estimates of projected future exposure
to the risk.

The CD-ROM attached contains detailed tables on the various com-
ponents of disease burden (i.e. deaths, years of life lost [YLL] due to pre-
mature mortality, and disability-adjusted life years [DALYs]) attributable
to each risk factor by age, sex and the 14 epidemiological subregions of
the world used by the World Health Organization (WHO) in the World
health report 2002. The 191 Member States of WHO were divided into
five mortality strata on the basis of their levels of child mortality (under
five years of age) and 15-59-year-old male mortality. When these mor-
tality strata are applied to the six WHO regions, they produce 14 epi-
demiological subregions, which are used throughout this book (Table 1).

This book is the culmination of over four years of scientific enquiry
and data collection, collectively known as the comparative risk
assessment (CRA) project, coordinated by WHO and involving over 100
scientists worldwide. The book is also one of the several planned outputs
of the GBD 2000 project which includes multiple analytical and empir-
ical perspectives on global population health. The importance of the
collaborative effort in the CRA project goes beyond having leading
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The 14 GBD epidemiological subregions

WHO
region

Mortality
stratum®

Countries

AFR

D

Algeria, Angola, Benin, Burkina Faso, Cameroon, Cape Verde, Chad,
Comoros, Equatorial Guinea, Gabon, Gambia, Ghana, Guinea, Guinea-
Bissau, Liberia, Madagascar, Mali, Mauritania, Mauritius, Niger, Nigeria,
Sao Tome and Principe, Senegal, Seychelles, Sierra Leone, Togo

Botswana, Burundi, Central African Republic, Congo, Céte d’lvoire,
Democratic Republic of the Congo, Eritrea, Ethiopia, Kenya, Lesotho,
Malawi, Mozambique, Namibia, Rwanda, South Africa, Swaziland,
Uganda, United Republic of Tanzania, Zambia, Zimbabwe

AMR

Canada, Cuba, United States of America

Antigua and Barbuda, Argentina, Bahamas, Barbados, Belize, Brazil,
Chile, Colombia, Costa Rica, Dominica, Dominican Republic, El
Salvador, Grenada, Guyana, Honduras, Jamaica, Mexico, Panama,
Paraguay, Saint Kitts and Nevis, Saint Lucia, Saint Vincent and the
Grenadines, Suriname, Trinidad and Tobago, Uruguay, Venezuela

Bolivia, Ecuador, Guatemala, Haiti, Nicaragua, Peru

EMR

Bahrain, Cyprus, Iran (Islamic Republic of ), Jordan, Kuwait, Lebanon,
Libyan Arab Jamahiriya, Oman, Qatar, Saudi Arabia, Syrian Arab
Republic, Tunisia, United Arab Emirates

Afghanistan, Djibouti, Egypt, Iraq, Morocco, Pakistan, Somalia, Sudan,
Yemen

EUR

Andorra, Austria, Belgium, Croatia, Czech Republic, Denmark, Finland,
France, Germany, Greece, Iceland, Ireland, Israel, Italy, Luxembourg,
Malta, Monaco, Netherlands, Norway, Portugal, San Marino, Slovenia,
Spain, Sweden, Switzerland, United Kingdom

Albania, Armenia, Azerbaijan, Bosnia and Herzegovina, Bulgaria,
Georgia, Kyrgyzstan, Poland, Romania, Serbia and Montenegro,
Slovakia, Tajikistan, The former Yugoslav Republic of Macedonia, Turkey,
Turkmenistan, Uzbekistan

Belarus, Estonia, Hungary, Kazakhstan, Latvia, Lithuania, Republic of
Moldova, Russian Federation, Ukraine

SEAR

Indonesia, Sri Lanka, Thailand

Bangladesh, Bhutan, Democratic People’s Republic of Korea, India,
Maldives, Myanmar, Nepal

WPR

Australia, Brunei Darussalam, Japan, New Zealand, Singapore

Cambodia, China, Cook Islands, Fiji, Kiribati, Lao People’s Democratic
Republic, Malaysia, Marshall Islands, Micronesia (Federated States of),
Mongolia, Nauru, Niue, Palau, Papua New Guinea, Philippines, Republic
of Korea, Samoa, Solomon Islands, Tonga, Tuvalu, Vanuatu, Viet Nam

a

A: very low child mortality and very low adult mortality; B: low child mortality and low adult mortality;

C: low child mortality and high adult mortality; D: high child mortality and high adult mortality; E: high
child mortality and very high adult mortality. High-mortality developing subregions: AFR-D, AFR-E, AMR-
D, EMR-D and SEAR-D. Low-mortality developing subregions: AMR-B, EMR-B, SEAR-B, WPR-B.
Developed subregions: AMR-A, EUR-A, EUR-B, EUR-C and WPR-A. This classification has no official
status and is for analytical purposes only.
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researchers for multiple risk factors working simultaneously on the same
project. Rather, the interactions of these researchers, with a core network
of scientists applying a common analytical framework and methods, has
ensured greater consistency and comparability in using and evaluating
scientific evidence across risks. As a result, our understanding of the com-
parative extent of disease burden caused by various exposures world-
wide has advanced, and key areas of scientific enquiry necessary to better
inform policies to reduce risks have been elucidated. Health advocates
and those entrusted with policy and programme development to promote
better health now have a more comparable empirical assessment of the
hazards to health worldwide, and thus a firmer basis for public health
action. We hope that the methodological and empirical findings reported
in these volumes will indeed serve as the stimulus for global, regional
and national policy action to reduce key hazards to health for decades
to come.

Majid Ezzati

Alan D. Lopez

Anthony Rodgers
Christopher J.L. Murray



