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DISEASE CONTROL PRIORITIES

Budgets constrain choices. Policy analysis helps decision makers achieve the greatest value 
from limited available resources. In 1993, the World Bank published Disease Control Priorities 
in Developing Countries (DCP1), an attempt to systematically assess the cost-effectiveness 
(value for money) of interventions that would address the major sources of disease burden 
in low- and middle-income countries. The World Bank’s 1993 World Development Report 
on health drew heavily on DCP1’s findings to conclude that specific interventions against 
noncommunicable diseases were cost-effective, even in environments in which substantial 
burdens of infection and undernutrition persisted.

DCP2, published in 2006, updated and extended DCP1 in several aspects, including 
explicit consideration of the implications for health systems of expanded intervention 
coverage. One way that health systems expand intervention coverage is through selected 
platforms that deliver interventions that require similar logistics but deliver interventions 
from different packages of conceptually related interventions, for example, against car-
diovascular disease. Platforms often provide a more natural unit for investment than do 
individual interventions. Analysis of the costs of packages and platforms—and of the health 
improvements they can generate in given epidemiological environments—can help to guide 
health system investments and development.

DCP3 differs importantly from DCP1 and DCP2 by extending and consolidating the con-
cepts of platforms and packages and by offering explicit consideration of the financial risk 
protection objective of health systems. In populations lacking access to health insurance 
or prepaid care, medical expenses that are high relative to income can be impoverishing. 
Where incomes are low, seemingly inexpensive medical procedures can have catastrophic 
financial effects. DCP3 offers an approach to explicitly include financial protection as well 
as the distribution across income groups of financial and health outcomes resulting from 
policies (for example, public finance) to increase intervention uptake. The task in all of the 
DCP volumes has been to combine the available science about interventions implemented 
in very specific locales and under very specific conditions with informed judgment to reach 
reasonable conclusions about the impact of intervention mixes in diverse environments. 
DCP3 ’s broad aim is to delineate essential intervention packages and their related delivery 
platforms to assist decision makers in allocating often tightly constrained budgets so that 
health system objectives are maximally achieved.

DCP3 ’s nine volumes are being published in 2015, 2016, 2017, and 2018 in an environment 
in which serious discussion continues about quantifying the sustainable development goal 
(SDG) for health. DCP3 ’s analyses are well-placed to assist in choosing the means to attain 
the health SDG and assessing the related costs. Only when these volumes, and the analytic 
efforts on which they are based, are completed will we be able to explore SDG-related and 
other broad policy conclusions and generalizations. The final DCP3 volume will report those 
conclusions. Each individual volume will provide valuable, specific policy analyses on the full 
range of interventions, packages, and policies relevant to its health topic.

More than 500 individuals and multiple institutions have contributed to DCP3. We 
convey our acknowledgments elsewhere in this volume. Here we express our particular 
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gratitude to the Bill & Melinda Gates Foundation for its sustained financial support, to 
the InterAcademy Medical Panel (and its U.S. affiliate, the National Academy of Sciences, 
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this effort.

Dean T. Jamison
Rachel Nugent
Hellen Gelband

Susan Horton
Prabhat Jha

Ramanan Laxminarayan
Charles N. Mock

CRRD_i-xx.indd   vi 13/11/17   5:22 PM



5

Cardiovascular, 
Respiratory, and Related 
Disorders
EDITORS

Dorairaj Prabhakaran
Shuchi Anand
Thomas A. Gaziano
Jean-Claude Mbanya
Yangfeng Wu
Rachel Nugent

DISEASE CONTROL PRIORITIES • THIRD EDITION

VOLUME

CRRD_i-xx.indd   vii 13/11/17   5:22 PM



© 2017 International Bank for Reconstruction and Development / The World Bank
1818 H Street NW, Washington, DC 20433
Telephone: 202-473-1000; Internet: www.worldbank.org

Some rights reserved
1 2 3 4  20 19 18 17

This work is a product of the staff of The World Bank with external contributions. The findings, interpretations, and conclusions 
expressed in this work do not necessarily reflect the views of The World Bank, its Board of Executive Directors, or the governments they 
represent. The World Bank does not guarantee the accuracy of the data included in this work. The boundaries, colors, denominations, 
and other information shown on any map in this work do not imply any judgment on the part of The World Bank concerning the legal 
status of any territory or the endorsement or acceptance of such boundaries.

Nothing herein shall constitute or be considered to be a limitation upon or waiver of the privileges and immunities of The World Bank, 
all of which are specifically reserved.

Rights and Permissions

This work is available under the Creative Commons Attribution 3.0 IGO license (CC BY 3.0 IGO) http://creativecommons.org / licenses/
by/3.0/igo. Under the Creative Commons Attribution license, you are free to copy, distribute, transmit, and adapt this work, including for 
commercial purposes, under the following conditions:

Attribution—Please cite the work as follows: Prabhakaran, D., S. Anand, T. A. Gaziano. J.-C. Mbanya, Y. Wu, and R. Nugent. 2017. 
Cardiovascular, Respiratory, and Related Disorders. Disease Control Priorities, (third edition), Volume 5. Washington, DC: World Bank. 
doi:10.1596/978-1-4648-0518-9. License: Creative Commons Attribution CC BY 3.0 IGO

Translations—If you create a translation of this work, please add the following disclaimer along with the attribution: This translation 
was not created by The World Bank and should not be considered an official World Bank translation. The World Bank shall not be liable 
for any content or error in this translation.

Adaptations—If you create an adaptation of this work, please add the following disclaimer along with the attribution: This is an 
adaptation of an original work by The World Bank. Views and opinions expressed in the adaptation are the sole responsibility of the 
author or authors of the adaptation and are not endorsed by The World Bank.

Third-party content—The World Bank does not necessarily own each component of the content contained within the work. The World 
Bank therefore does not warrant that the use of any third-party-owned individual component or part contained in the work will not 
infringe on the rights of those third parties. The risk of claims resulting from such infringement rests solely with you. If you wish to reuse 
a component of the work, it is your responsibility to determine whether permission is needed for that reuse and to obtain permission 
from the copyright owner. Examples of components can include, but are not limited to, tables, figures, or images.

All queries on rights and licenses should be addressed to World Bank Publications, The World Bank Group, 1818 H Street NW, 
Washington, DC 20433, USA; e-mail: pubrights@worldbank.org.

Softcover:
ISBN (paper): 978-1-4648-0518-9
ISBN (electronic): 978-1-4648-0520-2
DOI: 10.1596/978-1-4648-0518-9

Hardcover:
ISBN (paper): 978-1-4648-0519-6

DOI: 10.1596/978-1-4648-0519-6

Cover photo: © 2003. Arne Hoel / World Bank. Further permission required for reuse.

Cover design: Debra Naylor, Naylor Design, Washington, DC
Chapter opener photos: chapter 1: © WorldFish/M. Yousuf Tushar. Original photo cropped. https://creativecommons.org/licenses 
/ by-nc-nd/2.0/; chapter 2: © Frank Spangler/Worldview Images. Used with the permission of Worldview Images. Further permission 
required for reuse; chapter 3: © World Bank. Further permission required for reuse; chapter 4: © Frank Spangler/Worldview Images. 
Used with the permission of Worldview Images. Further permission required for reuse; chapter 5: ©  PAHO/WHO—David Spitz. Used 
with permission. Further permission required for reuse; chapter 6: © Frank Spangler/Worldview Images. Used with the permission of 
Worldview Images. Further permission required for reuse; chapter 7: © Chris Stowers/Panos. Used with permission. Further permission 
required for reuse; chapter 8: © Meghana Kulkarni. Original photo cropped. https://creativecommons.org / licenses/by-nc/2.0/; 
chapter 9: © WHO/Christopher Black. Used with permission. Further permission required for reuse; chapter 10: © UNAMID. 
Used with permission. Further permission required for reuse; chapter 11: © World Bank. Further permission required for reuse; 
chapter 12: © WHO/Christopher Black. Used with permission. Further permission required for reuse; chapter 13: © WHO/Christopher 
Black. Used with permission. Further permission required for reuse; chapter 14: © Frank Spangler/Worldview Images. Used with 
the permission of Worldview Images. Further permission required for reuse; chapter 15: © WHO/TDR /Julio Takayama. Used with 
permission. Further permission required for reuse; chapter 16: © 2015 Girdhari Bora for IntraHealth International, Courtesy of Photoshare. 
Used with permission. Further permission required for reuse; chapter 17: © 2015 Girdhari Bora for IntraHealth International, Courtesy of 
Photoshare. Used with permission. Further permission required for reuse; chapter 18: © UN Photo/Fardin Waezi. Used with permission. 
Further permission required for reuse; chapter 19: © Department of Foreign Affairs and Trade. Used via a Creative Commons license 
(https://creativecommons.org/licenses/by-nc-sa/2.0/). Original photo was cropped to fit template; chapter 20: © Frank Spangler/
Worldview Images. Used with the permission of Worldview Images. Further permission required for reuse; chapter 21: © WHO/Quinn 
Mattingly. Used with permission. Further permission required for reuse; chapter 22: © WHO/Christopher Black. Used with permission. 
Further permission required for reuse.

Library of Congress Cataloging-in-Publication Data has been requested.

CRRD_i-xx.indd   viii 13/11/17   5:22 PM

http://www.worldbank.org
http://creativecommons.org/licenses/by/3.0/igo
https://creativecommons.org/licenses/by-nc-nd/2.0/
https://creativecommons.org/licenses/by-nc-nd/2.0/
https://creativecommons.org/licenses/by-nc/2.0/
https://creativecommons.org/licenses/by-nc-sa/2.0/
http://creativecommons.org/licenses/by/3.0/igo


  ix

Contents

Foreword  xiii
Preface  xv
Abbreviations  xvii

1. Cardiovascular, Respiratory, and Related Disorders: Key Messages 
and Essential Interventions to Address Their Burden in Low- and 
Middle-Income Countries 1
Dorairaj Prabhakaran, Shuchi Anand, David A. Watkins, Thomas A. Gaziano, 
Yangfeng Wu, Jean-Claude Mbanya, and Rachel Nugent, on behalf of 
the DCP3 CVRD Author Group

2. Relationships among Major Risk Factors and the Burden of Cardiovascular 
Diseases, Diabetes, and Chronic Lung Disease 23
Vamadevan S. Ajay, David A. Watkins, and Dorairaj Prabhakaran

3. Early Origins of Cardiometabolic Disease 37
Kalyanaraman Kumaran, Clive Osmond, and Caroline H. D. Fall

4. Tobacco and Cardiovascular Disease: A Summary of Evidence 57
Ambuj Roy, Ishita Rawal, Samer Jabbour, and Dorairaj Prabhakaran

5. Physical Activity for the Prevention of Cardiometabolic Disease 79
Fiona Bull, Shifalika Goenka, Vicki Lambert, and Michael Pratt 

6. Effectiveness of Dietary Policies to Reduce Noncommunicable Diseases 101
Ashkan Afshin, Renata Micha, Michael Webb, Simon Capewell, Laurie Whitsel, 
Adolfo Rubinstein, Dorairaj Prabhakaran, Marc Suhrcke, and Dariush Mozaffarian

7. Obesity Prevention 117
Vasanti S. Malik and Frank B. Hu

CRRD_i-xx.indd   ix 13/11/17   5:22 PM



x Contents

8. Ischemic Heart Disease: Cost-Effective Acute Management and 
Secondary Prevention 135
Sagar B. Dugani, Andrew E. Moran, Robert O. Bonow, and Thomas A. Gaziano

9. Stroke  157
Lijing L. Yan, Chaoyun Li, Jie Chen, Rong Luo, Janet Bettger, Yishan Zhu, Valery Feigin, 
Martin O’Donnell, J. Jaime Miranda, Dong Zhao, and Yangfeng Wu

10. Heart Failure 173
Mark D. Huffman, Greg A. Roth, Karen Sliwa, Clyde W. Yancy, and Dorairaj Prabhakaran

11. Structural Heart Diseases 191
David A. Watkins, Babar Hasan, Bongani Mayosi, Gene Bukhman, J. Antonio Marin-Neto, 
Anis Rassi Jr., Anis Rassi, and R. Krishna Kumar 

12. Diabetes: An Update on the Pandemic and Potential Solutions 209
Mohammed K. Ali, Karen R. Siegel, Eeshwar Chandrasekar, Nikhil Tandon, Pablo Aschner 
Montoya, Jean-Claude Mbanya, Juliana Chan, Ping Zhang, and K. M. Venkat Narayan 

13. Kidney Disease 235
Shuchi Anand, Bernadette Thomas, Giuseppe Remuzzi, Miguel Riella, Meguid El Nahas, 
Saraladevi Naicker, and John Dirks

14. Peripheral Artery Disease 253
Uchechukwu K. A. Sampson, F. Gerald R. Fowkes, Nadraj G. Naidoo, and 
Michael H. Criqui 

15. Chronic Lower Respiratory Tract Diseases 263
Peter Burney, Rogelio Perez-Padilla, Guy Marks, Gary Wong, 
Eric Bateman, and Deborah Jarvis

16. Integrated Public Health and Health Service Delivery for Noncommunicable 
Diseases and Comorbid Infectious Diseases and Mental Health 287
Matthew Magee, Mohammed Ali, Dorairaj Prabhakaran, Vamadevan S. Ajay, and 
K. M. Venkat Narayan

17. Innovations in Community-Based Health Care for Cardiometabolic and 
Respiratory Diseases 305
Rohina Joshi, Andre Pascal Kengne, Fred Hersch, Mary Beth Weber, 
Helen McGuire, and Anushka Patel 

18. Quality Improvement in Cardiovascular Disease Care 327
Edward S. Lee, Rajesh Vedanthan, Panniyammakal Jeemon, Jemima H. Kamano, 
Preeti Kudesia, Vikram Rajan, Michael Engelgau, and Andrew E. Moran

CRRD_i-xx.indd   x 13/11/17   5:22 PM



   Contents xi

19. Costs and Cost-Effectiveness of Interventions and Policies to Prevent and 
Treat Cardiovascular and Respiratory Diseases 349
Thomas A. Gaziano, Marc Suhrcke, Elizabeth Brouwer, Carol Levin, 
Irina Nikolic, and Rachel Nugent

20. Extended Cost-Effectiveness Analyses of Cardiovascular Risk Factor 
Reduction Policies 369
David A. Watkins, Rachel Nugent, and Stéphane Verguet 

21. Priority-Setting Processes for Expensive Treatments for Chronic Diseases 375
Yuna Sakuma, Amanda Glassman, and Claudia Vaca 

22. Management of Hypertension and Dyslipidemia for Primary Prevention of 
Cardiovascular Disease 389
Panniyammakal Jeemon, Rajeev Gupta, Churchill Onen, Alma Adler, Thomas A. Gaziano, 
Dorairaj Prabhakaran, and Neil Poulter

DCP3 Series Acknowledgments 405
Volume and Series Editors 407
Contributors 411
Advisory Committee to the Editors 415
Reviewers 417
Policy Forum Participants 419
Index 421

CRRD_i-xx.indd   xi 13/11/17   5:22 PM



CRRD_i-xx.indd   xii 13/11/17   5:22 PM



  xiii

Foreword

As the world sets its sights on the avidly aspirational 
Sustainable Development Goals (SDGs) of 2030, the 
health goal to secure healthy lives for all and well-being 
at all ages is especially ambitious. The global health 
agenda of the Millennium Development Goals (MDGs) 
has been expanded in the SDGs to include noncom-
municable diseases (NCDs)—the greatest public health 
threat of this century. Concerted action on many areas 
of health has now been positioned on the platform of 
universal health coverage (UHC) to ensure equitable and 
effective provision of essential health services.

In this context, cardiovascular diseases (CVDs) 
 collectively pose the greatest challenge as well as the 
greatest opportunity to health systems across the world. 
The challenge arises from the fact that CVDs are the 
largest overall contributor to global mortality, as well 
as a major cause of premature mortality below the age 
of 70 years. The Indian experience, with which I am 
most familiar, has shown how the escalating epidemics 
of CVDs and other NCDs not only impose a high cost 
of healthy life-years lost; they also lead to unaffordable 
financial burdens on both families and health systems.

With coronary heart disease and stroke as the major 
manifestations, CVDs present a serious threat to health 
and development across the world. Low- and middle- 
income countries (LMICs) now not only join high- 
income countries (HICs) in suffering high proportional 
mortality from CVDs; these conditions also account 
for far higher absolute and premature mortality tolls 
of CVDs. Rising burdens of renal disease share major 
risk factors, especially high blood pressure and diabetes, 
with CVDs. Similarly, respiratory diseases share tobacco 
as a major risk factor for CVDs. Renal and respiratory 
diseases join CVDs in posing challenges of preventing, 
as well as providing appropriate acute and chronic care 
to health systems everywhere.

However, CVDs also offer a major opportunity to all 
countries—especially LMICs—to reduce the high burden 
of disease by averting premature mortality and reducing 
morbidity through interventions that have proven to be 
highly effective in preventing disease and death in the 
prime of productive mid-life. These range from policy 
instruments, like higher taxes on tobacco products, to 
health service improvements that expand and intensify 
the coverage of effective secondary prevention to persons 
who have survived a cardiovascular event but remain 
at risk of recurrence. Among the major NCDs, CVDs 
have the largest array of proven interventions that have 
demonstrated the benefit of substantial reductions in 
mortality and morbidity. If the goal of reducing prema-
ture mortality from NCDs by one-third between 2015 
and 2030 is to be attained, the largest contribution has to 
come from interventions directed at CVDs, since such a 
high magnitude of benefit is presently demonstrated only 
for these interventions in the NCD spectrum.

When positioned in the context of UHC, interven-
tions not only need to demonstrate efficacy but also 
cost- effectiveness and affordability for accommodation in 
national budgets—especially in the resource- constrained 
health systems of LMICs. Hence, economic evaluation has 
to complement biomedical, epidemiological, clinical, and 
health systems research to identify high-impact interven-
tions that provide best value for money. This is particu-
larly imperative in an environment of rapid technological 
advancement, when the seductive appeal of high-profile 
technologies can misdirect priorities in resource alloca-
tion. Unless guided by evidence-informed policy, affairs 
of the heart can be very costly in more than a poetic sense! 
Renal and respiratory diseases, too, require prioritization 
of resource-optimizing health interventions.

The Disease Control Priorities Project (DCP), in its two 
previous editions, provided the best contemporaneous 
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xiv Foreword

analysis of major global health challenges and offered 
policy-enabling cost- effectiveness estimates of interven-
tions that were available to address them. DCP3 continues 
that tradition by presenting the best available evidence on 
cost-effective interventions that will substantially impact 
and improve global health if earnestly implemented. The 
reasoned recommendations bridge the often-disconnected 
realms of rigorous scientific research and real-world policy 
relevance. Responses to NCDs, long neglected by health 
systems in LMICs, need to use such evidence to identify 
prioritized pathways of action and develop efficient deliv-
ery systems for the services selected to minimize the health 
costs of missed or messed opportunities.

This volume on CVDs, renal, and respiratory disorders 
has particularly high value. It carries the potential to become 

the most effective game-changer in global health by helping 
all countries to combat, contain, and control the biggest 
killer presently prowling the globe and by enabling us to 
reach the 2030 goals for NCDs and health overall. As one 
who has witnessed the epidemic of CVDs advance menac-
ingly across the world in the past four decades, I fervently 
hope that the clear and convincing messages conveyed by 
the extensively researched and elegantly communicated 
analyses in this volume will be heard, heeded, and harmo-
nized with policy and practice in all countries. In that hope, 
this Foreword looks to action moving fast forward.

K. Srinath Reddy 
President, Public Health Foundation of India

New Delhi, India
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Preface

Cardiovascular, respiratory, and related disorders 
(CVRDs) and conditions are responsible for a significant 
portion of the world’s health burden. In 2012, 52 percent 
of global adult deaths were caused by CVRDs, and most 
occurred in low- and middle-income settings. Most 
CVRDs and related disorders are preventable or can be 
treated to reduce morbidity. Doing so, however, requires 
greater capacity to detect and treat at an early stage, as 
they are often “silent” diseases. These conditions also 
threaten economic development due to reduced produc-
tivity among those affected with illness and early death, 
as well as high household treatment costs that are often 
paid out of pocket in low-resource settings. Combined 
with the enduring presence of infectious diseases, such 
as tuberculosis and HIV/AIDS, CVRDs in low-income 
countries create a double burden of disease.

The Cardiovascular, Respiratory, and Related Disorders 
volume of DCP3 contributes to existing research efforts 
in several ways:

• By summarizing the best available evidence for 
 effective and scalable interventions

• By identifying the most effective and cost-effective 
priority interventions

• By describing the health platforms that can deliver 
these interventions and thereby curtail the increasing 
risk for chronic conditions and diseases.

The volume also provides an essential package of 
policy and health interventions that are cost-effective 
and feasible in lower-middle-income countries and can 
significantly reduce the health burden of these diseases.

We focus primarily on cardiovascular diseases and 
the primary risks—including ischemic heart disease, 
stroke, and congestive heart failure—as well as second-
ary risk factors, such as tobacco use, physical activity, 
and obesity. We also include three other major chronic 
conditions: respiratory diseases, diabetes, and kidney 
disease. These conditions share risk factors and are often 
precursors for one another, and we address treatment 
and prevention of these conditions together. Cancer and 
mental health, typically grouped among noncommuni-
cable diseases, are covered in DCP3 volumes three and 
four, respectively.

This volume finds that effective prevention strategies 
are often underused in countries at all income levels. 
Substantial progress against CVRDs has been achieved 
in high- and upper-middle-income countries, partly as 
the result of policies that are applied at the population 
level—such as tobacco taxation or bans on trans-fats—
and partly due to the availability of cost-effective phar-
macological treatments. These policies have not been 
widely implemented in lower-income countries. This 
volume’s essential package recommends 36 policy and 
health system interventions using primary health service 
delivery platforms. This set of interventions is focused 
on population prevention, as well as on targeting high-
risk populations in LMICs to prevent and reduce early 
mortality from CVRDs.

The editors and authors of Cardiovascular, Respiratory, 
and Related Disorders hope that this volume can serve 
as a basis for universal health care packages. As coun-
tries strengthen their health systems and economic 
resources become more available, this essential package 
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can be expanded to encompass more resource-intensive, 
life-saving interventions.

We thank the following individuals who provided 
valuable comments and assistance on this effort: 
Brianne Adderley, Kristen Danforth, Dean T. Jamison, 
Shamelle Richards, and Shivali Suri. We particularly 
acknowledge Jinyuan Qi for her assistance in pre-
paring the Essential Package cost estimates. The 
editors also thank the reviewers organized by the U.S. 
National Academy of Medicine (listed separately in 

this volume), and the Advisory Committee to the 
Editors of DCP3 for thoughtful feedback on the essen-
tial package.

Dorairaj Prabhakaran
Shuchi Anand

Thomas A. Gaziano
Jean-Claude Mbanya

Yangfeng Wu
Rachel Nugent
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ACE angiotensin-converting enzyme
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CRRD_i-xx.indd   xvii 13/11/17   5:22 PM
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