
Prevention of
Cardiovascular
Disease
Guidelines for assessment 
and management of 
cardiovascular risk



WHO Library Cataloguing-in-Publication Data

Prevention of cardiovascular disease : guidelines for assessment and management of total 
cardiovascular risk.

1. Cardiovascular diseases – prevention and control. 2. Arteriosclerosis – prevention and 
control. 3. Risk factors. 4. Risk assessment. 5. Guidelines. I. World Health Organization.

ISBN 978 92 4 154717 8 (NLM classifi cation: WG 120)

© World Health Organization 2007

All rights reserved. Publications of the World Health Organization can be obtained from 
WHO Press, World Health Organization, 20 Avenue Appia, 1211 Geneva 27, Switzerland 
(tel.: +41 22 791 3264; fax: +41 22 791 4857; e-mail: bookorders@who.int). Requests for per-
mission to reproduce or translate WHO publications – whether for sale or for noncommercial 
distribution – should be addressed to WHO Press, at the above address (fax: +41 22 791 4806; 
e-mail: 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 concern-
ing 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 specifi c 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.

All reasonable precautions have been taken by the World Health Organization to verify the 
information contained in this publication. However, the published material is being distributed 
without warranty of any kind, either expressed or implied. The responsibility for the interpreta-
tion and use of the material lies with the reader. In no event shall the World Health Organization 
be liable for damages arising from its use.

Printed in 

Design by Inís – www.inis.ie

 



Contents

Abbreviations and acronyms used in this document  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . v

Executive summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .1

Introduction  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .2

Background, scope and purpose of the guidelines  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .2

Interpretation and implications of recommendations . . . . . . . . . . . . . . . . . . . . . . . . . . . . .3

Development of the guidelines   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .4

Part 1 The total risk approach to prevention of cardiovascular disease  . . . . . . . . . . . . . . . . 5

Rationale for targeting high-risk groups . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .6

Complementary strategies for prevention and control of cardiovascular disease   . . . . . . . .7 

Threshold for interventions  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .8

Risk prediction charts: strengths and limitations  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .9

The WHO/ISH cardiovascular risk prediction charts  . . . . . . . . . . . . . . . . . . . . . . . . . . . .13

Clinical assessment of cardiovascular risk  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .14

When can treatment decisions be made without the use of risk prediction charts?. . . . . .16

Applying the WHO risk prediction charts  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .16

Goals of appplying the prevention recommendations. . . . . . . . . . . . . . . . . . . . . . . . . . . .18

Part 2 Recommendations for prevention of cardiovascular disease. . . . . . . . . . . . . . . . . . . 19

Levels of evidence and grades of recommendations  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .20

Recommendations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .22

Part 3 Basis of recommendations (the best available evidence). . . . . . . . . . . . . . . . . . . . . . 27

1. Modifi cation of behaviour . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .28

 1.1 Tobacco   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .29

 1.2  Diet  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .30

 1.3  Physical activity  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .35

 1.4  Body weight . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .36

 1.5  Alcohol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .37

  iii



 iv    Prevention of cardiovascular disease

 2. Psychosocial factors. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .38

 3. Multiple risk factor interventions. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .40

 4. Blood pressure lowering  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .40

 Targets for blood pressure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .41

 Choice of initial drug therapy  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .41

 5. Lipid lowering   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .45

 Benefi ts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .45

 Risks   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .49 

 Monitoring of treatment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .50

 6. Cost-effectiveness, feasibility and resource implications of antihypertensive 
 and statin therapy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .51

 7. Control of glycaemia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .52

 8. Aspirin therapy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .53

 Risks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .54

 Balance of risks and benefi ts  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .54

 9. Fixed-dose combinations. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .55

10. Hormone therapy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .56

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .57

ANNEX 1. WHO Member States by subregion, classifi ed according to mortality stratum . . . . . . .73

ANNEX 2. Proportion of the population in each risk category, by WHO subregion  . . . . . . . . . . .75

ANNEX 3.  Sample WHO/ISH risk prediction chart, for use where measurement of 
cholesterol level is possible  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .79

ANNEX 4.  Sample WHO/ISH risk prediction chart for use where measurement of 
cholesterol level is not possible  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .81

ANNEX 5. Methods of development of WHO/ISH risk prediction charts  . . . . . . . . . . . . . . . . . . .83

ANNEX 6. Guideline Development Committee. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .84

ANNEX 7. Peer reviewers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .85

Risk prediction charts for countries of the 14 
WHO epidemiological subregions   . . . . . . . . . . . . . . . . . . . . . . . . (in compact disc on back cover)

 



Abbreviations and acronyms 
used in this document

ACE angiotensin-converting enzyme

ALERT Assessment of Lescol in Renal Transplantation

ALLHAT Anti-hypertensive and Lipid-Lowering Treatment to Prevent Heart Attack Trial

ARB angiotensin receptor blocker

ARIC Atherosclerosis Risk in Communities

ASCOT Anglo-Scandinavian Cardiac Outcomes Trial

BMI body mass index

CARDS Collaborative Atorvastatin Diabetes Study

CARE Cholesterol and Recurrent Events [Study]

CCB calcium-channel blocker

CHD coronary heart disease

CI confi dence interval

CVD cardiovascular disease

DALY disability-adjusted life year

DASH Dietary Approaches to Stop Hypertension

DCCT Diabetes Control and Complications Trial

ECG electrocardiogram

FIELD Fenofi brate Intervention and Event Lowering in Diabetes [Study]

GDG Guideline Development Group

GRADE Grades of Recommendation, Assessment, Development and Evaluation

HDL-C high-density lipoprotein cholesterol

HOT Hypertension Optimal Treatment [Trial]

HPS Heart Protection Study

HRT hormone replacement therapy

ISH International Society for Hypertension

LDL low-density lipoprotein

LLT Lipid Lowering Trial

PROSPER Prospective Study of Pravastatin in the Elderly at Risk

QALY quality-adjusted life year

RCT randomized controlled trial

RR relative risk

SCORE Systematic Coronary Risk Evaluation

SIGN Scottish Intercollegiate Guidelines Network

TC total cholesterol

UKPDS United Kingdom Prospective Diabetes Study

WHO World Health Organization

WOSCOPS West of Scotland Coronary Prevention Study

   v



 vi    Prevention of cardiovascular disease  



Executive summary

Cardiovascular disease is a major cause of disability and premature death throughout the 
world, and contributes substantially to the escalating costs of health care. The underlying 
pathology is atherosclerosis, which develops over many years and is usually advanced by 
the time symptoms occur, generally in middle age. Acute coronary and cerebrovascular 
events frequently occur suddenly, and are often fatal before medical care can be given. 
Modifi cation of risk factors has been shown to reduce mortality and morbidity in people 
with diagnosed or undiagnosed cardiovascular disease.

This publication provides guidance on reducing disability and premature deaths from 
coronary heart disease, cerebrovascular disease and peripheral vascular disease in people 
at high risk, who have not yet experienced a cardiovascular event. People with established 
cardiovascular disease are at very high risk of recurrent events and are not the subject of 
these guidelines. They have been addressed in previous WHO guidelines.a

Several forms of therapy can prevent coronary, cerebral and peripheral vascular events. 
Decisions about whether to initiate specifi c preventive action, and with what degree of 
intensity, should be guided by estimation of the risk of any such vascular event. The risk 
prediction charts that accompany these guidelinesb allow treatment to be targeted accord-
ing to simple predictions of absolute cardiovascular risk.

Recommendations are made for management of major cardiovascular risk factors through 
changes in lifestyle and prophylactic drug therapies. The guidelines provide a framework 
for the development of national guidance on prevention of cardiovascular disease that 
takes into account the particular political, economic, social and medical circumstances.

a  World Health Organization. Prevention of recurrent heart attacks and strokes in low and middle income populations. Evidence-based 
recommendations for policy makers and health professionals. Geneva, 2003 (http://www.who.int/bookorders ).

b Risk prediction charts for each WHO subregion (and country) are available with the pocket version of these guidelines.

 Executive summary 1
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Introduction

Background, scope and purpose of the guidelines
Of an estimated 58 million deaths globally from all causes in 2005, cardiovascular disease (CVD) 
accounted for 30%. This proportion is equal to that due to infectious diseases, nutritional defi ciencies, 
and maternal and perinatal conditions combined (1). It is important to recognize that a substantial pro-
portion of these deaths (46%) were of people under 70 years of age, in the more productive period of 
life; in addition, 79% of the disease burden attributed to cardiovascular disease is in this age group (2).

Between 2006 and 2015, deaths due to noncommunicable diseases (half of which will be due to 
cardiovascular disease) are expected to increase by 17%, while deaths from infectious diseases, 
nutritional defi ciencies, and maternal and perinatal conditions combined are projected to decline 
by 3% (1). Almost half the disease burden in low- and middle-income countries is already due to 
noncommunicable diseases (3).

A signifi cant proportion of this morbidity and mortality could be prevented through population-
based strategies, and by making cost-effective interventions accessible and affordable, both for 
people with established disease and for those at high risk of developing disease (3–5).

To address the rising burden of noncommunicable diseases, in May 2000 the 53rd World Health 
Assembly adopted the WHO Global Strategy for the Prevention and Control of Noncommunicable 
Diseases (6). In doing so, it placed noncommunicable diseases on the global public health agenda. 
Since then, WHO has strengthened its efforts to promote population-wide primary prevention 
of noncommunicable diseases, through the Framework Convention on Tobacco Control (7) and 
the Global Strategy for Diet, Physical Activity and Health (8). These activities target common 
risk factors that are shared by CVD, cancer, diabetes and chronic respiratory disease, and their 
implementation is critical if the growing burden of noncommunicable diseases is to be controlled. 
These measures should make it easier for healthy people to remain healthy, and for those with 
established CVD or at high cardiovascular risk to change their behaviour. However, population-
wide public health approaches alone will not have an immediate tangible impact on cardiovascular 
morbidity and mortality, and will have only a modest absolute impact on the disease burden (3, 
4). By themselves they cannot help the millions of individuals at high risk of developing CVD 
(Table 1) or with an established CVD. A combination of population-wide strategies and strategies 
targeted at high risk individuals is needed to reduce the cardiovascular disease burden. The extent 
to which one strategy should be emphasized over the other depends on achievable effectiveness, 
as well as cost-effectiveness and availability of resources (1–4).

Although CVD already places a signifi cant economic burden on low- and middle-income coun-
tries (9), the resources available for its management in these countries are limited because of 
competing health priorities. It is, nevertheless, essential to recognize that the transition to lower 
levels of infectious diseases and higher levels of noncommunicable diseases is already under way; 
failure to act now will result in large increases in avoidable CVD, placing serious pressures on the 
national economies (10–12). In this context, it is imperative to target the limited resources on 
those who are most likely to benefi t. Thus, as envisioned in the Global Strategy for the Prevention 



Table 1
Effect of three preventive strategies on deaths from coronary heart disease over 10 years in 
Canadians aged 20–74 years*

Strategy No. (%) of 
population 

treated

% of treated population by 10-year 
risk of death (% of risk group treated)

No of deaths avoided a

<0.1% 0.1–
0.99%

1–10% >10% Over 10 
years

Per 100 000 
population

Population 
health (Rose)

12 300 000 
(100)

55.1 
(100.0)

20.2 
(100.0)

20.4 
(100.0)

4.4 
(100.0)

  5 160   42

High baseline 
risk

1 590 000 
(12.9)

0.1 
(0.0)

2.2 
(1.4)

64.0 
(40.6)

33.8 
(100.0)

35 800 290

Single risk 
factor

1 370 000 
(11.1)

4.0 
(0.8)

27.4 
(15.1)

54.0 
(29.5)

14.7 
(37.5)

15 500 125

a  Assuming 100% community effectiveness for the single risk factor and high baseline risk strategies, and a 2% total cholesterol 
reduction for the Rose strategy.

* Source: ref. 4.

and Control of Noncommunicable Diseases (6), one of the major tasks for WHO and its Member 
States is to scale up cost-effective, integrated approaches for prevention of CVD.

This document provides guidance to policy-makers and health care workers on how to target indi-
viduals at high risk of developing CVD, at all levels of the health system and in different resource 
settings, using evidence-based and cost-effective preventive approaches. The objective is to reduce 
the incidence of heart attacks, strokes, and renal failure associated with hypertension and diabetes, 
as well as the need for amputation of limbs because of ischaemia, by reducing the cardiovascular 
risk. The focus is prevention of disability and early deaths and improvement of quality of life. This 
document should be considered as a framework, which can be adapted to suit different political, 
economic, social, cultural and medical circumstances.

Interpretation and implications of 
recommendations (13, 14)

The recommendations included here provide guidance on appropriate care. As far as possible, 
these are based on clear evidence that allows a robust understanding of the benefi ts, tolerabil-
ity, harms and costs of alternative patterns of care. They are also feasible in different health care 
settings.

Recommendations can be defi ned as being strong when it is certain that their application will 
do more good than harm or that the net benefi ts are worth the costs. In this guide, such recom-
mendations include the word “recommend” or “should”. Strong recommendations apply to most 
patients in most circumstances, and can be adopted as policy in most situations.

 Introduction 3
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Recommendations can be defi ned as weak when it is uncertain that their application will do more 
good than harm or that the net benefi ts are worth the costs. In this guide, such recommendations 
include the words “suggest” or “should probably”. In applying weak recommendations, clinicians 
need to take into account each individual patient’s circumstances, preferences and values. Policy-
making related to weak recommendations requires substantial debate and the involvement of a 
range of stakeholders.

Development of the guidelines
This guide was developed on the basis of the total risk approach to prevention of cardiovascu-
lar disease, elaborated in the World Health Report 2002 (2). Development of the risk prediction 
charts started in 2003, followed by preparations for the development of this guide in 2004, using 
an evidence-based methodology.

Published data related to primary prevention of cardiovascular disease were collated from exist-
ing guidelines, and by searching the Cochrane Library, Embase Medline, the trials register of the 
International Society for Hypertension (ISH), and the British Medical Journal clinical effective-
ness reviews. Recent papers known to members of the Guideline Development Group (GDG) (see 
Annex 6), but not yet in a database or registry, were also included.

All references directly related to key issues dealt with in the guide were further evaluated for 
quality, using a Scottish Intercollegiate Guideline Network (SIGN) methodology checklist (13). 
Evidence-based reviews were prepared, based on data from good quality publications, and circu-
lated to the GDG for input. They were further discussed at a consultation of the GDG in Novem-
ber 2005, with particular focus on the strength and applicability of the evidence to low-resource 
settings. Tables were compiled, summarizing the available scientifi c evidence to address key issues 
related to primary prevention. Evidence was graded and recommendations developed. SIGN and 
GRADE (Grades of Recommendation, Assessment, Development and Evaluation) systems were 
used to rate the evidence and grade the recommendations (13, 14).

A draft guide, prepared by the writing committee (see Annex 6), was circulated to the GDG for 
feedback. A revised draft was then sent for peer review (see Annex 7 for a list of reviewers). The 
present version of the guide refl ects input from peer reviewers.
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Rationale for targeting high-risk groups
The debilitating and often fatal complications of cardiovascular disease (CVD) are usually seen in 
middle-aged or elderly men and women. However, atherosclerosis – the main pathological process 
leading to coronary artery disease, cerebral artery disease and peripheral artery disease – begins 
early in life and progresses gradually through adolescence and early adulthood (15–17). It is 
usually asymptomatic for a long period.

The rate of progression of atherosclerosis is infl uenced by cardiovascular risk factors: tobacco use, 
an unhealthy diet and physical inactivity (which together result in obesity), elevated blood pres-
sure (hypertension), abnormal blood lipids (dyslipidaemia) and elevated blood glucose (diabetes). 
Continuing exposure to these risk factors leads to further progression of atherosclerosis, resulting 
in unstable atherosclerotic plaques, narrowing of blood vessels and obstruction of blood fl ow to 
vital organs, such as the heart and the brain. The clinical manifestations of these diseases include 
angina, myocardial infarction, transient cerebral ischaemic attacks and strokes. Given this con-
tinuum of risk exposure and disease, the division of prevention of cardiovascular disease into 
primary, secondary and tertiary prevention is arbitrary, but may be useful for development of 
services by different parts of the health care system. The concept of a specifi c threshold for hyper-
tension and hyperlipidaemia is also based on an arbitrary dichotomy.

The document provides evidence-based recommendations on how to assess and manage indi-
viduals with asymptomatic atherosclerosis, on the basis of their estimated total, or absolute, CVD 
risk. Total CVD risk is defi ned as the probability of an individual’s experiencing a CVD event (e.g. 
myocardial infarction or stroke) over a given period of time, for example 10 years.

Total CVD risk depends on the individual’s particular risk factor profi le, sex and age; it will be 
higher for older men with several risk factors than for younger women with few risk factors. The 
total risk of developing cardiovascular disease is determined by the combined effect of cardio-
vascular risk factors, which commonly coexist and act multiplicatively. An individual with several 
mildly raised risk factors may be at a higher total risk of CVD than someone with just one elevated 
risk factor.

Timely and sustained lifestyle interventions and, when needed, drug treatment will reduce the 
risk of CVD events, such as heart attacks and strokes, in people with a high total risk of CVD, and 
hence will reduce premature morbidity, mortality and disability. Many people are unaware of their 
risk status; opportunistic and other forms of screening by health care providers are therefore a 
potentially useful means of detecting risk factors, such as raised blood pressure, abnormal blood 
lipids and blood glucose (18).

The predicted risk of an individual can be a useful guide for making clinical decisions on the 
intensity of preventive interventions: when dietary advice should be strict and specifi c, when sug-
gestions for physical activity should be intensifi ed and individualized, and when and which drugs 
should be prescribed to control risk factors. Such a risk stratifi cation approach is particularly 
suitable to settings with limited resources, where saving the greatest number of lives at lowest cost 
becomes imperative (19).

In patients with a systolic blood pressure above 150 mmHg, or a diastolic pressure above 
90 mmHg, or a blood cholesterol level over 5.0 mmol/l, drug treatment reduces the relative risk 
of cardiovascular events by between one-quarter and one-third (20–27). If blood pressure was 
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Clinical history
A comprehensive clinical history (83) should include:

● current symptoms of coronary heart disease, heart failure, cerebrovascular disease, peripheral 
vascular disease, diabetes, and renal disease;

● information on the use of drugs known to raise blood pressure (oral contraceptives, nonsteroi-
dal anti-infl ammatory drugs, liquorice, cocaine, amfetamine, erythropoietin, cyclosporins and 
steroids);

● the family history of high blood pressure, diabetes, dyslipidaemia, coronary heart disease, 
stroke and renal disease;

● the personal history of coronary heart disease, heart failure, cerebrovascular disease, peripheral 
vascular disease, diabetes, gout, bronchospasm, sexual dysfunction, and renal disease;

● symptoms suggestive of secondary hypertension, i.e. hypertension caused by an underlying 
condition (Table 4);

● information on behaviour, including tobacco use, physical activity and dietary intake of fat, salt 
and alcohol;

● personal, psychosocial, occupational and environmental factors that could infl uence the course 
and outcome of long-term care.

Physical examination
A full physical examination is essential, and should include careful measurement of blood pres-
sure, as described below. Other important elements of the physical examination include:

● measurement of height and weight, and calculation of body mass index (BMI) (weight in kilo-
grams divided by the square of height in meters); measurement of waist and hip circumference 
for calculation of waist–hip ratio;

● examination of the cardiovascular system, particularly for heart size, evidence of heart failure, 
evidence of disease in the carotid, renal and peripheral arteries, and physical signs suggestive of 
coarctation of the aorta, particularly in young people with hypertension;

● examination for features of secondary hypertension (phaeochromocytoma, Cushing syndrome, 
etc.) (Table 4);

● examination of the lungs for congestion ;

● examination of the abdomen for bruits, enlarged kidneys and other masses;

● examination of the optic fundi and of the central and peripheral nervous system for evidence of 
cerebrovascular disease and complications of diabetes.

Measuring blood pressure
Health care professionals need to be adequately trained to measure blood pressure. In addition, 
blood pressure measuring devices need to be validated, maintained and regularly calibrated to 
ensure that they are accurate (84). Where possible, blood pressure should be measured when the 



16    Prevention of cardiovascular disease

patient is relaxed and seated with the arm outstretched and supported. Two readings should be 
taken; if the average is 140/90 mmHg or more, an additional reading should be taken at the end of 
the consultation for confi rmation.

Blood pressure should be measured in both arms initially, and the arm with the higher reading 
used for future measurements. If the difference between the two arms is more than 20 mmHg for 
systolic pressure or 10 mmHg for diastolic pressure, the patient should be referred to the next 
level of care for examination for vascular stenosis. Patients with accelerated (malignant) hyperten-
sion (blood pressure ≥ 180/110 mmHg with papilloedema or retinal haemorrhages) or suspected 
secondary hypertension should be referred to the next level immediately.

When can treatment decisions be made without 
the use of risk prediction charts? (40, 41, 43)

Some individuals are at very high cardiovascular risk because they have already experienced a 
cardiovascular event, or have very high levels of individual risk factors. Risk stratifi cation is not 
necessary for making treatment decisions for these individuals as they belong to the high risk 
category; all of them need intensive lifestyle interventions and appropriate drug therapy (5). Risk 
prediction charts may tend to underestimate cardiovascular risk in such individuals, who include 
the following:

● patients with established angina pectoris, coronary heart disease, myocardial infarction, tran-
sient ischaemic attacks, stroke, or peripheral vascular disease, or who have had coronary revas-
cularization or carotid endarterectomy;

● those with left ventricular hypertrophy (shown on electrocardiograph) or hypertensive retinop-
athy (grade III or IV);

● individuals without established CVD who have a total cholesterol ≥ 8 mmol/l (320 mg/dl) or 
low-density lipoprotein (LDL) cholesterol ≥ 6 mmol/l (240 mg/dl) or TC/HDL-C ratio > 8;

● individuals without established CVD who have persistent raised blood pressure 
(> 160–170/100–105 mmHg) (38–41, 43, 83);

● patients with type 1 or 2 diabetes, with overt nephropathy or other signifi cant renal disease;

● patients with known renal failure or renal impairment.

Applying the WHO/ISH risk prediction charts
Individual risk charts are specifi c to the respective WHO subregion (Annex 1). Each chart has 
been calculated from the mean of risk factors and the average ten-year event rates from countries 
of the specifi c subregion. The charts provide only approximate estimates of CVD risk in people 
who do not have symptoms of coronary heart disease (CHD) , stroke or other atherosclerotic 
disease. Importantly, these estimates represent the average for the subregion and do not capture 
the variation in CVD risk within each subregion or country. They are useful as tools to help iden-
tify those at high total cardiovascular risk, and to motivate patients, particularly to change behav-
iour and, when appropriate, to take antihypertensive and lipid-lowering drugs and aspirin.
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In settings where facilities for measuring cholesterol are not available, risk prediction charts that 
do not include cholesterol can be used (see Annex 4).

An individual’s risk of experiencing a cardiovascular event in the next 10 years is estimated as 
follows:

● Select the appropriate chart (see Annex 3), depending on whether the person has diabetes or 
not. (A person who has diabetes is defi ned as someone taking insulin or oral hypoglycaemic 
drugs, or with a fasting plasma glucose concentration above 7.0 mmol/l (126 mg/dl) or a 
postprandial (approximately 2 hours after a main meal) plasma glucose concentration above 
11.0 mmol/l (200 mg/l)on two separate occasions).

● Select the appropriate element of the chart, corresponding to the person’s sex, age (if age is 
50–59 select 50, 60–69 select 60 etc) and whether he or she is a smoker. (All current smokers 
and those who quit smoking less than 1 year before the assessment are considered smokers for 
assessing cardiovascular risk.)

● Find the cell in the chart element that corresponds to the individual’s systolic blood pressure 
and serum cholesterol. (Systolic blood pressure, taken as the mean of two readings on each of 
two occasions, is suffi cient for assessing risk but not for establishing a pretreatment baseline. 
The mean of two non-fasting measurements of serum cholesterol by dry chemistry, or one non-
fasting laboratory measurement, is suffi cient for assessing risk.)

● The colour of the cell indicates the risk category (see key in Annexes 3 and 4).

CVD risk may be higher than indicated in the chart in people who are already on antihypertensive 
therapy, in women who have undergone premature menopause, in people approaching the next 
age category, and in individuals with any of the following:

● obesity (including central obesity);

● a sedentary lifestyle;

● a family history of premature CHD or stroke in a fi rst degree relative (male < 55 years, 
female < 65 years);

● a raised triglyceride level (> 2.0 mmol/l or 180 mg/dl);

● a low HDL cholesterol level (< 1 mmol/l or 40mg/dl in males, < 1.3 mmol/l or 50 mg/dl in 
females);

● raised levels of C-reactive protein, fi brinogen, homocysteine, apolipoprotein B or Lp(a), or 
fasting glycaemia, or impaired glucose tolerance;

● microalbuminuria (increases the 5-year risk of diabetics by about 5%) (38, 83, 85);

● those who are not yet diabetic, but have impaired fasting glycemia or impaired glucose 
tolerance;

● a raised pulse rate.

Other risk factors not included in these risk prediction charts such as socioeconomic deprivation 
and ethnicity should also be taken unto account in addressing and managing a person’s overall 
CVD risk.
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Goals of applying the prevention recommendations
The purpose of applying the recommendations elaborated in these guidelines is to motivate and 
assist high-risk individuals to lower their cardiovascular risk by:

● quitting tobacco use, or reducing the amount smoked, or not starting the habit;

● making healthy food choices;

● being physically active;

● reducing body mass index (to less than 25 kg/m2) and waist–hip ratio (to less than 0.8 in 
women and 0.9 in men (these fi gures may be different for different ethnic groups);

● lowering blood pressure (to less than 140/90 mmHg);

● lowering blood cholesterol (to less than 5 mmol/l or 190 mg/dl);

● lowering LDL-cholesterol (to less than 3.0 mmol/l or 115 mg/dl);

● controlling glycaemia, especially in those with impaired fasting glycaemia and impaired glucose 
tolerance or diabetes;

● taking aspirin (75 mg daily), once blood pressure has been controlled.

The above goals represent the minimum that should be achieved. They are given for broad guid-
ance in managing cardiovascular risk. In some subgroups of high-risk people, particularly those 
with established cardiovascular disease or diabetes, a case can be made for lower targets for blood 
pressure (< 130/80 mmHg), total cholesterol and LDL-cholesterol, which may require more 
intensive treatment. Similarly, in very high-risk patients, a total cholesterol of less than 4.0 mmol/l 
(152 mg/dl) and LDL-cholesterol of less than 2.0 mmol/l (77 mg/dl), or a reduction of 25% in 
total cholesterol and 30% in LDL-cholesterol, whichever achieves the lower absolute level, may be 
desirable goals.
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Levels of evidence and grades of recommendations
Recommendations for prevention of cardiovascular disease, according to individual total risk, 
are given in Table 6. The strength of the various recommendations, and the level of evidence 
supporting them, are indicated as follows (13) in Table 5.

Table 5
Levels of evidence

Clinical trial data Behavioural risk factor data

1++ High-quality meta-analyses, systematic 
reviews of randomized controlled trials 
(RCTs), or RCTs with a very low risk of 
bias

Systematic reviews of high-quality case–
control or cohort studies with a very low 
risk of confounding, bias or chance, and 
a high probability that the relationship is 
causal

1+ Well conducted meta-analyses, systematic 
reviews of RCTs, or RCTs with a low risk 
of bias

Well conducted case–control and cohort 
studies with a very low risk of confounding, 
bias or chance, and a high probability that 
the relationship is causal

1− Meta-analyses, systematic reviews of RCTs, 
or RCTs with a high risk of bias

Case–control and cohort studies with a low 
risk of confounding, bias or chance and a 
moderate probability that the relationship 
is causal

2++ High quality systematic reviews of case–
control or cohort studies. High quality 
case control or cohort studies with a very 
low risk of confounding or bias and a high 
probability that the relationship is causal

Case–control or cohort studies with a high 
risk of confounding, bias or chance and a 
signifi cant risk that the relationship is not 
causal

2+ Well conducted case control or cohort 
studies with a low risk of confounding or 
bias and a moderate probability that the 
relationship is causal

2− Case control or cohort studies with a high 
risk of confounding or bias and a signifi -
cant risk that the relationship is not causal

3 Non-analytical studies e.g. case reports, case series

4 Expert opinion
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Grades of recommendations
Note: The grade of recommendation relates to the strength of the evidence on which the recom-
mendation is based. It does not refl ect the clinical importance of the recommendation.

A There is robust evidence to recommend a pattern of care.
  At least one meta-analysis, systematic review of RCTs or RCT rated as 1++ and directly 

applicable to the target population; or a body of evidence, consisting principally of studies 
rated as 1+, that is directly applicable to the target population, and demonstrating overall 
consistency of results.

B There is evidence to recommend a pattern of care.
  A body of evidence, including studies rated as 2++, is directly applicable to the target 

population and demonstrating overall consistency of results; or extrapolated evidence from 
studies rated as 1++ or 1+.

C  On balance of evidence, a pattern of care is recommended with caution.
  A body of evidence, including studies rated as 2+, directly applicable to the target popu-

lation and demonstrating overall consistency of results; or extrapolated evidence from 
studies rated as 2++.

D  Evidence is inadequate, and a pattern of care is recommended by consensus.
 Evidence is of level 3 or 4; or extrapolated evidence from studies rated as 2+.

✓  Recommended best practice based on the clinical experience of the guideline development 
group
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Recommendations
Table 6
Prevention of cardiovascular disease according to individual total riska

10-year risk of 
cardiovascular 

event 
> 30%

10-year risk of 
cardiovascular 

event 
20–30%

10-year risk of 
cardiovascular 

event 
10–20%

10-year risk of 
cardiovascular 

event 
< 10%

Individuals in this 
category are at very 
high risk of fatal or 
nonfatal vascular 
events.

Monitor risk profi le 
every 3–6 months 

Individuals in this 
category are at 
high risk of fatal or 
nonfatal vascular 
events.

Monitor risk profi le 
every 3–6 months 

Individuals in this 
category are at 
moderate risk of 
fatal or nonfatal 
vascular events.

Monitor risk profi le 
every 6–12 months

Individuals in this 
category are at low 
risk. Low risk does 
not mean “no” risk. 

Conservative 
management 
focusing on lifestyle 
interventions is 
suggestedb.

When resources are limited, individual counselling and provision of care may have to be 
prioritized according to cardiovascular risk.

SMOKING CESSATION

All nonsmokers should be encouraged not to start smoking.

All smokers should be strongly encouraged to quit smoking by a health professional and 
supported in their efforts to do so. (1++, A)

It is suggested that those who use other forms of tobacco be advised to stop. (2+, C)

Nicotine replacement 
therapy and/or 
nortriptyline or 
amfebutamone 
(bupropion) 
should be given to 
motivated smokers 
who fail to quit with 
counselling. 
(1++, B)

Nicotine replacement 
therapy and/or 
nortriptyline or 
amfebutamone 
(bupropion) 
should be given to 
motivated smokers 
who fail to quit with 
counselling. 
(1++, B)

a  Excluding people with established coronary artery disease, cerebrovascular disease and peripheral vascular disease.
b  Policy measures that create conducive environments for quitting tobacco, engaging in physical activity and consuming 

healthy diets are necessary to promote behavioural change. They will benefi t the whole population. For individuals in 
low risk categories, they can have a health impact at lower cost, compared to individual counselling and therapeutic 
approaches.

continued …
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10-year risk of 
cardiovascular 

event 
> 30%

10-year risk of 
cardiovascular 

event 
20–30%

10-year risk of 
cardiovascular 

event 
10–20%

10-year risk of 
cardiovascular 

event 
< 10%

DIETARY CHANGES

All individuals should be strongly encouraged to reduce total fat and saturated fat intake (1+, 
A). Total fat intake should be reduced to about 30% of calories, saturated fat intake should be 
limited to less than 10% of calories and trans-fatty acids eliminated. Most dietary fat should be 
polyunsaturated (up to 10% of calories) or monounsaturated (10–15% of calories). (1+, A)

All individuals should be strongly encouraged to reduce daily salt intake by at least one-third 
and, if possible, to <5 g or 90 mmol per day. (1+, A)

All individuals should be encouraged to eat, at least 400 g a day, of a range fruits and vegetables, 
as well as whole grains and pulses. (2+, A)

PHYSICAL ACTIVITY

All individuals should be strongly encouraged to take at least 30 minutes of moderate physical 
activity (e.g. brisk walking) a day, through leisure time, daily tasks and work-related physical 
activity. (1+, A)

WEIGHT CONTROL

All individuals who are overweight or obese should be encouraged to lose weight through a 
combination of a reduced-energy diet (dietary advice) and increased physical activity. (1+, A)

ALCOHOL INTAKE

Individuals who take more than 3 units of alcoholc per day should be advised to reduce alcohol 
consumption. (2++, B)

c  One unit (drink) = half pint of beer/lager (5% alcohol), 100 ml of wine (10% alcohol), spirits 25 ml (40% alcohol)

continued …
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24    Prevention of cardiovascular disease

10-year risk of 
cardiovascular 

event 
> 30%

10-year risk of 
cardiovascular 

event 
20–30%

10-year risk of 
cardiovascular 

event 
10–20%

10-year risk of 
cardiovascular 

event 
< 10%

ANTIHYPERTENSIVE DRUGS ✓

All individuals with blood pressure at or above 160/100 mm Hg, or lesser degree of raised 
blood pressure with target organ damage should have drug treatment and specifi c lifestyle 
advice to lower their blood pressure and risk of cardiovascular disease (2++, B).

Individuals 
with persistent 
blood pressure 
≥130/80 mmHg 
should be given 
one of the 
following drugs 
to reduce blood 
pressure and risk 
of cardiovascular 
disease: thiazide-
like diuretic, ACE 
inhibitor, calcium-
channel blocker, 
beta-blocker.d

A low-dose thiazide-
like diuretic, 
ACE inhibitor, 
or calcium-
channel blocker is 
recommended as 
fi rst-line therapy. 
(1++, A).

Individuals 
with persistent 
blood pressure 
≥140/90 mmHge 
who are unable 
to lower blood 
pressure through 
life style strategies 
with professional 
assistance within 
4–6 months, should 
be considered for 
one of the following 
drugs to reduce 
blood pressure and 
risk of cardiovascular 
disease: thiazide-
like diuretic, ACE 
inhibitor, calcium-
channel blocker, 
beta-blocker.d

A low-dose thiazide-
like diuretic, ACE 
inhibitor, or calcium-
channel blocker is 
recommended as 
fi rst-line therapy. 
(1++, A)

Individuals 
with persistent 
blood pressure 
≥140/90 mmHg,e 
should continue life 
style strategies to 
lower blood pressure 
and have their 
blood pressure and 
total cardiovascular 
risk reassessed 
annually depending 
on clinical 
circumstances and 
resource availability.

Individuals 
with persistent 
blood pressure 
≥140/90 mmHg,e 
should continue life 
style strategies to 
lower blood pressure 
and have their 
blood pressure and 
total cardiovascular 
risk reassessed 
every two to fi ve 
years depending 
on clinical 
circumstances and 
resource availability.

d  Evidence from two recent meta-analyses indicates that beta-blockers are inferior to calcium-channel blockers and ACE 
inhibitors in reducing the frequency of hard endpoints. In addition, beta-blockers are less well tolerated than diuretics 
(see Part III, section 4). Most of this evidence comes from trials where atenolol was the beta-blocker used.

e  Reducing blood pressure by 10–15/5–8 mmHg with drug treatment reduces combined CVD mortality and morbidity by 
about one-third, whatever the pretreatment absolute risk. However, applying this recommendation will lead to a large 
proportion of the adult population receiving antihypertensive drugs. Even in some high-resource settings, current practice 
is to recommend drugs for this group only if the blood pressure is at or above 160/100 mmHg.

continued …
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10-year risk of 
cardiovascular 

event 
> 30%

10-year risk of 
cardiovascular 

event 
20–30%

10-year risk of 
cardiovascular 

event 
10–20%

10-year risk of 
cardiovascular 

event 
< 10%

LIPID-LOWERING DRUGS (STATINS) ✓

All individuals with total cholesterol at or above 8 mmol/l (320 mg/dl), should be advised to 
follow a lipid-lowering diet and given a statin to lower the risk of cardiovascular disease (2++, B).

Individuals in this 
risk category should 
be advised to follow 
a lipid-lowering diet 
and given a statin. 
(1++, A)

Serum cholesterol 
should be reduced to 
less than 5.0 mmol/l 
(LDL-cholesterol to 
below 3.0 mmol/l), 
or by 25% (30% for 
LDL cholesterol) 
which ever is greater.f

Adults over the age 
of 40 years with 
persistently high 
serum cholesterol 
(> 5.0 mmol/l), and 
or LDL-cholesterol 
> 3.0 mmol/l, despite 
a lipid-lowering diet, 
should be given a 
statin. (1+, A)

Should be advised 
to follow a lipid 
lowering dietg

HYPOGLYCEMIC DRUGS ✓

Individuals with persistent fasting blood glucose > 6 mmol/l despite 
diet control should be given metformin. (1+, A)

Recommendations as 
for moderate risk, as 
resources permit.

f  Reducing cholesterol level by 20% (approximately 1 mmol/l) with statin treatment would be expected to yield a coronary 
heart disease mortality benefi t of 30%, whatever the pretreatment absolute risk. However, applying this to the general 
population may not be cost effective. It will lead to a large proportion of the adult population receiving statins. Even in 
some high-resource settings, current practice is to recommend drugs for this group only if serum cholesterol is above 
8mmol/l (320 mg/dl).

g  There are no clinical trials that have evaluated the absolute and relative benefi ts of cholesterol lowering to different 
cholesterol targets in relation to clinical events.

continued …
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26    Prevention of cardiovascular disease

h  Consider aspirin in areas where coronary heart disease rates exceed stroke rates.

✓  Best Practice point: Unless there are compelling indications to use a specifi c drug, the least expensive preparation of the 
above classes of drugs should be used. Good quality generic preparations of medicines listed in WHO essential medicines 
list are recommended.

10-year risk of 
cardiovascular 

event 
> 30%

10-year risk of 
cardiovascular 

event 
20–30%

10-year risk of 
cardiovascular 

event 
10–20%

10-year risk of 
cardiovascular 

event 
< 10%

ANTIPLATELET DRUGS ✓

Individuals in this 
risk category should 
be given low-dose 
aspirin. (1++, A)

For individuals in 
this risk category 
cardiovascular 
risk, the balance 
of benefi ts and 
harms from aspirin 
treatment is not 
clear.h

Aspirin should 
probably not be 
given to individuals 
in this risk category. 
(1++, A)

For individuals in 
this risk category, 
the benefi ts of 
aspirin treatment 
are balanced by the 
harm caused. 

Aspirin should not 
be given to. (1++, A)

For individuals in 
this risk category, 
the harm caused by 
aspirin treatment 
outweighs the 
benefi ts. 

Aspirin should 
not be given to 
individuals in this 
low risk category. 
(1++, A)

DRUGS THAT ARE NOT RECOMMENDED

Hormone replacement, vitamin B, C, E and folic acid supplements, are not recommended for 
reduction of cardiovascular risk.
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1. Modifi cation of behaviour
There is little controversy over the benefi ts to cardiovascular health of not smoking, eating a 
well balanced diet, maintaining mental well-being, taking regular exercise and keeping active, as 
demonstrated in large cohort studies. These health behaviours also play an etiological role in other 
noncommunicable diseases, such as cancer, respiratory disease, diabetes, osteoporosis and liver 
disease (86), which makes interventions to promote them potentially very cost-effective. However, 
there is considerable uncertainty about the best ways of helping people at high CVD risk to modify 
their behaviour.

Reducing cigarette smoking, body weight, blood pressure, blood cholesterol, and blood glucose all 
have a benefi cial impact on major biological cardiovascular risk factors (83–88). Behaviours such 
as stopping smoking, taking regular physical activity and eating a healthy diet promote health and 
have no known harmful effects. They also improve the sense of well-being and are usually less 
expensive to the health care system than drug treatments, which may also have adverse effects. 
Further, while effects of drug therapy cease within a short period of discontinuation of treatment 
the impact of life style modifi cation if it is maintained are longer standing.

A variety of lifestyle modifi cations have been shown, in clinical trials, to lower blood pressure 
(89, 90). These include weight loss in the overweight (91, 92), physical activity (93, 94), modera-
tion of alcohol intake (95), increased fresh fruit and vegetables and reduced saturated fat in the 
diet (96), reduction of dietary sodium intake (96–98), and increased potassium intake (99). It 
is important to recognize, however, that most of the trials of lifestyle modifi cation have been of 
short duration and have tested intensive interventions, which are unlikely to be feasible in routine 
primary care in many countries. Still, the evidence supports the notion that it is possible to modify 
health behaviours and reduce blood pressure. More encouragingly, randomized trials, involving a 
programme of weight reduction, dietary manipulation and physical activity, reduced the incidence 
of type 2 diabetes among people at high risk of developing it (100–102). Also, trials of reduction 
of saturated fat and its partial replacement by unsaturated fats have improved dyslipidaemia and 
lowered risk of cardiovascular events (103–105). Disappointingly, several large randomized trials 
of multiple risk factor interventions, using individual counselling and education, found no reduc-
tion in cardiovascular morbidity or mortality (106). These interventions, however, did bring about 
modest changes in risk factor profi les. In a meta-analysis of 18 trials, 10 of which reported clinical 
data, net changes were seen in systolic blood pressure (−3.9 mmHg; 95% CI −4.2 to −3.6 mmHg), 
diastolic blood pressure (−2.9 mmHg; 95% CI −3.1 to −2.7 mmHg), smoking prevalence (−4.2%; 
95% CI −4.8 to −3.6%), and blood cholesterol (−0.08 mmol/l; 95% CI −0.1 to −0.06 mmol/l). 
It was, however, not possible to determine whether these changes were the result of concurrent 
drug treatments or regression to the mean. If real, these reductions are important, since even 
small reductions in major risk factors have been associated with a reduced risk of cardiovascular 
diseases in long-term, large-scale population studies (107).

Observational studies have found that other behavioural modifi cations, in particular cessation of 
smoking, are associated with a reduction in cardiovascular disease mortality (108–112). In men in 
the United Kingdom, a healthy lifestyle and increased physical activity have been shown to reduce 
the chances of developing cardiovascular disease (113).

While interventions targeted at individuals could be expected to bring about behavioural changes if 
they are implemented in a supportive environment, evidence for this view is not strong (106–114). 
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In a very large community intervention trial for smoking cessation , in which a wide range of com-
munity and individual interventions were used jointly, no specifi c effect of the programme could 
be detected (115). However, fi scal interventions and legislation on smoking in public places are 
capable of bringing about widespread and useful reductions in smoking prevalence. Since there is 
limited evidence on the effects of public health policy in tandem with individual interventions, it 
is recommended that population-wide strategies should be implemented to improve public health 
and create environments conducive to behaviour change in those at high CVD risk. Appropriate 
policies might address: agricultural subsidies for fruits and vegetables; food pricing and avail-
ability; labelling of food; public transport; pedestrian- and cyclist-friendly road planning; school 
health education; and tobacco control measures, including prohibition of advertising and price 
control. The overall objective should be to make it easy for the population to make healthy choices 
related to diet, physical activity and avoidance of tobacco.

1.1 Tobacco
Issues

● Does quitting use of tobacco products reduce cardiovascular risk?

● How can smokers be helped to stop smoking?

Evidence

There is a large body of evidence from prospective cohort studies regarding the benefi cial effect of 
smoking cessation on coronary heart disease mortality (116). However, the magnitude of the effect 
and the time required to achieve benefi cial results are unclear. Some studies suggest that, about 
10 years after stopping smoking, coronary heart disease mortality risk is reduced to that of people 
who have never smoked (109, 110, 117, 118). Other reports suggest that a much longer time is 
required (119). It has also been shown that cigarette smokers who change to a pipe or cigar (119), 
and those who continue to smoke but reduce the number of cigarettes, have a greater mortality 
risk than those who quit smoking (112). A 50-year follow-up of British doctors demonstrated 
that, among ex-smokers, the age of quitting has a major impact on survival prospects; those who 
quit between 35 and 44 years of age had the same survival rates as those who had never smoked 
(120). The benefi ts of giving up other forms of tobacco use are not clearly established (121–124). 
General recommendations are therefore based on the evidence for cigarette smoking. Recent 
evidence from the Interheart study (31) has highlighted the adverse effects of use of any tobacco 
product and, importantly, the harm caused by even very low consumption (1–5 cigarettes a day).

The benefi ts of stopping smoking are evident; however, the most effective strategy to encourage 
smoking cessation is not clearly established. All patients should be asked about their tobacco use 
and, where relevant, given advice and counselling on quitting, as well as reinforcement at follow-up. 
There is evidence that advice and counselling on smoking cessation, delivered by health profession-
als (such as physicians, nurses, psychologists, and health counsellors) are benefi cial and effective 
(125–130). Several systematic reviews have shown that one-time advice from physicians during 
routine consultation results in 2% of smokers quitting for at least one year (127, 131).

Similarly, nicotine replacement therapy (132, 133) can increase the rate of smoking cessation. Nico-
tine may be administered as a nasal spray, skin patch or gum; no particular route of administration 
seems to be superior to others.
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Antidepressant drugs, particularly amfebutamone (bupropion), increase rates of smoking cessation 
at 12 months (134). In combination with the use of nicotine patches, amfebutamone may be more 
effective than nicotine patches alone, though not necessarily more effective than amfebutamone 
alone (135, 136). Nortriptyline has also been shown to improve abstinence rates at 12 months 
compared with a placebo. Both agents have appreciable discontinuation rates because of side-
effects (135–137).

Data from observational studies suggest that passive cigarette smoking produces a small increase 
in cardio vascular risk (138–140). Whether reducing exposure to passive cigarette smoke reduces 
cardiovascular risk has not been directly established.

The interventions described above targeted at individuals may be less effective if they are imple-
mented in populations exposed to widespread tobacco advertising, sponsorship of sporting 
activities by the tobacco industry, low-cost tobacco products, and inadequate government tobacco 
control policies. There is evidence that tobacco consumption decreases markedly as the price 
of tobacco products increases. Bans on advertising of tobacco products in public places and on 
sales of tobacco to young people are essential components of any primary prevention programme 
addressing noncommunicable diseases (140).

1.2 Diet
Issue

Are there specifi c dietary changes that can reduce cardiovascular risk?

1.2.1  Effect on cardiovascular risk of saturated fat, unsaturated fat, trans-fatty acids 
and cholesterol in the diet

The relationship between dietary fat and coronary heart disease has been extensively investi-
gated. Saturated fats as a whole have been shown to raise LDL-cholesterol levels (104, 141–145). 
However, individual fatty acids within the group have different effects, with myristic and palmitic 
acids having the greatest effect on LDL-cholesterol (146). Saturated fatty acids are not all equally 
hypercholesterolaemic. The cholesterol-raising properties of saturated fats are attributed to lauric 
acid (12:0), myristic acid (14:0), and palmitic acid (16:0). Stearic acid (18:0) and saturated fatty 
acids with fewer than 12 carbon atoms are thought not to raise serum cholesterol concentrations 
(146, 147). The effects of different saturated fatty acids on the distribution of cholesterol over the 
various lipoproteins are not well known.

When substituted for saturated fatty acids in metabolic studies, n-6 polyunsaturated fatty acids 
(which are abundant in soybean and sunfl ower oil) and monounsaturated fatty acids (which are 
abundant in olive oil) lower total cholesterol, LDL cholesterol and triglyceride concentrations (145, 
148). More research is needed to determine the appropriate mixture of unsaturated fatty acids that 
will produce maximum effect on CVD risk.

Trans-fatty acids come from both animal and vegetable sources and are produced by partial hydro-
genation of unsaturated oils. Dietary intake of trans-fatty acids increases LDL-cholesterol and, at 
high intakes, lowers HDL cholesterol (143–145, 149–151). Metabolic and epidemiological studies 
have indicated that trans-fatty acids increase the risk of coronary heart disease (145, 152, 153).
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A high intake of fat (more than one-third of total calories) generally increases intake of saturated 
fat and is associated with consumption of excess calories and weight gain. A low intake of fats and 
oils (less than one-fi fth of total calories) increases the risk of inadequate intakes of vitamin E and 
essential fatty acids, and may contribute to unfavourable changes in HDL-cholesterol and triglycer-
ides (154). It has also been demonstrated that replacing saturated and trans-unsaturated fats with 
monounsaturated and polyunsaturated fats is more effective in preventing coronary heart disease 
events than reducing overall fat intake (145, 153, 155). Current guidelines recommend a diet that 
provides less than 30% of calories from dietary fat, less than 10% of calories from saturated fats, up 
to 10% from polyunsaturated fats, and about 15% from monounsaturated fats (86, 88, 148).

Metabolic studies have shown that dietary cholesterol is a determinant of serum cholesterol 
concentration (156–158). Reducing dietary cholesterol by 100 mg a day appears to reduce serum 
cholesterol by about 1% (147). However, there is marked individual variation in the way serum 
cholesterol responds to dietary cholesterol (159); dietary cholesterol seems to have a relatively 
small effect on serum lipids, compared with dietary saturated and trans-fatty acids (88, 104, 158). 
Studies have demonstrated that, in controlled conditions, it is possible to modify behaviour, but in 
daily life the required intensity of supervision may not be practicable.

The effects of advice about reducing or modifying dietary fat intake on total and cardiovascular 
mortality and cardiovascular morbidity in real-life settings were assessed in a systematic review 
of 27 studies, comprising 30 902 person–years of observation (160). The interventions included 
both direct provision of food and, in most trials, dietary advice to reduce intake of total fat or 
saturated fat or dietary cholesterol, or to shift from saturated to unsaturated fat. The pooled results 
indicate that reducing or modifying dietary fat reduces the incidence of combined cardiovascular 
events by 16% (rate ratio 0.84; 95% CI 0.72 to 0.99) and cardiovascular mortality by 9% (rate ratio 
0.91; 95% CI 0.77 to 1.07). No effect was seen on total mortality. The reduction in cardiovascu-
lar mortality and morbidity was more pronounced in trials lasting at least 2 years. The protective 
effect of polyunsaturated fats is similar in high- and low-risk groups for both sources (seafood and 
plants), and in women and men (104, 155, 161, 162).

1.2.2 Omega-3 fatty acids, fi sh and cardiovascular risk
The main dietary sources of omega-3 fatty acids are fi sh and fi sh oils (which contain eicosapen-
taenoic acid and docosahexaenoic acid), and certain nut and plant oils, such as canola, soybean, 
fl axseed and walnut (which contain alpha-linoleic acid). Epidemiological studies and clinical trials 
suggest that people at risk of coronary heart disease benefi t from consuming omega-3 fatty acids 
(104, 161, 163, 164). The proposed mechanisms for a cardioprotective role include altered lipid 
profi le, reduced thrombotic tendency, and antihypertensive, anti-infl ammatory and antiarrhythmic 
effects (165–168).

A systematic review showed a signifi cant benefi t of fi sh-based dietary supplemental omega-3 fatty 
acids on cardiovascular morbidity and mortality in patients with coronary heart disease (169, 170). 
Cohort studies analysing omega-3 fatty acid intake and risk of cardiovascular diseases have shown 
inconsistent fi ndings, however, and a recent large trial of omega-3 fatty acids did not fi nd any 
benefi ts (171). In an attempt to clarify their role, an updated meta-analysis has also been conducted 
(170, 172). Using data from 48 randomized controlled trials and 41 cohort analyses, an assessment 
was made of whether dietary or supplemental omega-3 fatty acids altered total mortality, cardiovas-
cular events or cancers. Pooled trial results did not show a reduction in the total mortality risk or 
the risk of combined cardiovascular events in those taking additional omega-3 fats.
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Although there is no evidence that people should be advised to stop taking rich sources of 
omega-3 fats, further high quality studies are required to confi rm suggestions of a protective effect 
of omega-3 fats on cardio vascular health.

1.2.3 Effects of dietary sodium on blood pressure

Issue

Is dietary salt associated with high blood pressure?

Population studies have demonstrated that high salt intake is associated with an increased risk 
of high blood pressure (173). Several observational studies have linked baseline sodium intake, 
estimated from either 24-hour urinary sodium excretion or dietary intake, to morbidity and mor-
tality. In a Finnish study, the hazard ratios for coronary heart disease, cardiovascular disease, and 
all-cause mortality, associated with a 100 mmol increase in 24-h urinary sodium excretion in men 
and women, were estimated as 1.51 (95% CI 1.14 to 2.00), 1.45 ((95% CI 1.14 to 1.84), and 1.26 
(95% CI 1.06 to 1.50), respectively (174). A prospective study in a Japanese cohort also showed 
that high dietary salt intake increased the risk of death from stroke (175). A study in hypertensive 
patients reported an inverse relation between sodium intake and cardiovascular outcomes (176) 
and suggested a J-curve relationship. This discordant fi nding has been attributed to methodologi-
cal limitations and further study is needed.

The effi cacy of reduced sodium intake in lowering blood pressure is well established (176, 177). 
An average reduction of 77 mmol/day in dietary intake of sodium has been shown to reduce 
systolic blood pressure by 1.9 mmHg (95% CI, 1.2 to 2.6 mmHg) and diastolic blood pressure by 
1.1 mmHg (95% CI, 0.6 to 1.6 mmHg) (175). Phase 2 of the Trials of Hypertension Prevention 
Studies has also documented that a reduced sodium intake can prevent hypertension (178).

In a meta-analysis of dietary interventions to alter salt intake, which included 17 randomized 
controlled trials in people with high blood pressure and 11 in people with normal blood pres-
sure, a reduction of 100 mmol (6 g) per day in salt intake was associated with a fall in blood 
pressure of 7.11 mmHg (systolic) and 3.88 mmHg (diastolic) (P < 0.001 for both) in those with 
hyper tension, and 3.57 mmHg (systolic) and 1.66 mmHg (diastolic) in those with normal blood 
pressure (P < 0.001 and P < 0.05, respectively) (179). This information strongly supports other 
evidence that a modest, long-term reduction in population salt intake would immediately reduce 
stroke deaths by about 14% and coronary deaths by about 9% in people with hypertension, and 
by approximately 6% and 4% in those with normal blood pressure. This review has been pro-
duced and updated as a Cochrane systematic review (180). The authors concluded that, in trials 
of four or more weeks duration, a reduction in salt intake had a signifi cant and, from a population 
viewpoint, important effect on blood pressure in individuals with normal or high blood pressure. 
In individuals with elevated blood pressure, the median reduction in 24-h urinary sodium excre-
tion was 78 mmol (equivalent to 4.6 g of salt), the mean reduction in systolic blood pressure was 
4.97 mmHg (95%CI 4.18 to 5.76 mmHg), and the mean reduction in diastolic blood pressure was 
2.74 mmHg (95% CI 2.26 to 3.22 mmHg). In individuals with normal blood pressure, the median 
reduction in 24-h urinary sodium excretion was 74 mmol (4.4 g of salt), the mean reduction in 
systolic blood pressure was 2.03 mmHg (95% CI 1.50 to 2.56 mmHg), and the mean reduction in 
diastolic blood pressure was 0.99 mmHg (95% CI 0.57 to 1.40 mmHg).This demonstrates a cor-
relation between the magnitude of salt reduction and the magnitude of blood pressure reduction. 
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Within the daily intake range of 3 to 12 g, the lower the salt intake achieved, the lower the blood 
pressure.

These fi ndings may, however, exaggerate the reductions achievable in routine clinical practice. 
While people may fi nd it possible to reduce their dietary sodium intake through individual 
effort in the short term, a more plausible estimate of effect is obtained when long-term trials are 
assessed. Hooper et al. (181) performed a meta-analysis of all unconfounded randomized trials 
in healthy adults aimed at reducing sodium intake over at least 6 months. Three trials in normo-
tensive people (n = 2326), fi ve trials in people with untreated hypertension (n = 387), and three 
trials in people being treated for hypertension (n = 801) were included, with follow-up of between 
six months and seven years. The large, high-quality (and therefore most informative) studies used 
intensive behavioural interventions. Deaths and cardiovascular events were inconsistently defi ned 
and reported. There were 17 deaths, equally distributed between intervention and control groups. 
Systolic and diastolic blood pressures were reduced by 1.1 mmHg (95% CI 0.4 to 1.8 mmHg) and 
0.6 mmHg (95% CI 0.3 to 1.5 mmHg), respectively, at 13–60 months; 24-hour urinary sodium 
excretion was reduced by 35.5 mmol (95% CI 23.9 to 47.2 mmol). Degree of reduction in sodium 
intake and change in blood pressure were not related.

It is clear that intensive interventions, in particular the Dietary Approaches to Stop Hypertension 
(DASH) (182), are capable of reducing salt intake and lowering blood pressure. Such interven-
tions, however, would not be easy to implement in primary care on a wide-scale long-term basis, 
because most salt is already in food as purchased. Reducing sodium intake may allow people 
taking antihypertensive drugs to stop their medication, while maintaining good blood pressure 
control (183). Further work is required to develop more effective methods of changing dietary 
behaviour to reduce sodium intake in primary care settings and in population prevention pro-
grammes. Alternative public health approaches, such as reducing salt in processed foods and 
bread, and labelling of processed food, are likely to be more effective and need to be taken up by 
the food industry on a wide scale.

On the basis of the above, current recommendations on salt intake (< 5 g (90 mmol) per day) are 
appropriate (86, 183).

1.2.4 Increasing the intake of fruits and vegetables

Issue

Does increased fruit and vegetables consumption reduce the risk of cardiovascular disease?

Fruits and vegetables may promote cardiovascular health through a variety of micronutrients, 
antioxidants, phytochemicals, fl avonoids, fi bre and potassium. The evidence on the role of the 
individual constituents is so far inconclusive.

Ness & Powles (184) reviewed ecological, case–control and cohort studies examining the associa-
tion of dietary fruits and vegetables with cardiovascular disease. No attempt was made to arrive 
at a summary measure of the association, because of the differences in study type, quality and 
exposure measures used. For coronary heart disease, nine of ten ecological studies, two of three 
case–control studies and six of sixteen cohort studies found a signifi cant protective association 
with consumption of fruits and vegetables or surrogate nutrients. For stroke, three of the fi ve 
ecological studies and six of eight cohort studies found a signifi cant protective association. For 
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circulatory disease, one of two cohort studies reported a signifi cant positive association. Overall, 
the results support a protective effect of fruits and vegetables on stroke and coronary heart disease 
(185, 186).

Joshipura et al. (185) evaluated the association between consumption of fruits and vegetables and 
risk of coronary heart disease in the Nurses’ Health Study and the Health Professionals’ Follow-Up 
Study. In these two studies, 84 251 women aged 34–59 years were followed for 14 years, and 
42 148 men aged 40–75 years were followed for 8 years. All were free of diagnosed cardiovascular 
disease, cancer, and diabetes at the start. After adjustment for standard cardiovascular risk factors, 
people with fruit and vegetable intake in the highest quintile had a relative risk for coronary heart 
disease of 0.80 (95% CI 0.69 to 0.93) compared with those with intake in the lowest quintile. Each 
increase of one serving per day in intake of fruits or vegetables was associated with a 4% lower 
risk of coronary heart disease (relative risk 0.96; 95% CI 0.94 to 0.99; P = 0.01, test for trend).

The relationships between intake of whole grains, refi ned grains, and fruit and vegetables, and total 
mortality risk and incidence of coronary artery disease and ischaemic stroke, were also evaluated 
in the Atherosclerosis Risk in Communities (ARIC) cohort (n = 15 792) (187). Over an 11-year 
follow-up period, whole-grain intake was inversely associated with total mortality and incidence 
of coronary artery disease. The relative risks of death for people with fruit and vegetable intake in 
quintiles 2–5 were 1.08 (95% CI 0.88 to 1.33), 0.94 (95% CI 0.75 to 1.17), 0.87 (95% CI 0.68 
to 1.10), and 0.78 (95% CI 0.61 to 1.01), respectively (P for trend = 0.02). An inverse association 
between fruit and vegetable intake and coronary artery disease was observed among African Ameri-
cans but not among Whites (P for interaction = 0.01). The risk of ischaemic stroke was not signifi -
cantly related to consumption of whole grains, refi ned grains, or fruit and vegetables.

In a prospective cohort study of 40 349 Japanese men and women followed up for 18 years (188), 
daily consumption of green and yellow vegetables and fruits was associated with a lower risk of 
stroke, intracerebral haemorrhage, and cerebral infarction mortality in both men and women. A 
recent meta-analysis of 10 prospective cohort studies (189) has also shown that the consumption 
of fi bre from cereals and fruits is inversely associated with risk of coronary heart disease.

On the basis of the available evidence, a daily intake of at least 400 g of fruit and vegetables is 
recommended (86).

1.2.5 Summary
Dietary intakes of fat, cholesterol, fruits and vegetables, fi sh and sodium are linked to cardiovascu-
lar risk. There is a considerable body of evidence regarding the nutritional background of athero-
sclerosis in general and CHD in particular. However, much of this evidence is from observational 
studies, in which control for potential confounding factors, in particular socioeconomic position, 
is often inadequate. The inferences that can be made from these studies are necessarily guarded.

A cardioprotective diet should consist of a variety of foods, and should aim to achieve four major 
goals: a healthy overall diet, a healthy body weight, a desirable lipid profi le, and a desirable blood 
pressure. There is strong observational evidence that reducing intakes of total fat (to less than 30% 
of calories), saturated fat (to less than 10% of calories), and salt (to less than 5 g or 90 mmol per 
day), and increasing fruits and vegetables (to 400–500 g daily) are likely to be benefi cial. Applying 
these principles to develop diets that match individual preferences and local customs, and demon-
strating their effectiveness in reducing cardiovascular risk, are important priorities for research.
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A recent review assessed the effectiveness of dietary advice in reducing cardiovascular risk in healthy 
adults (190). Advice was focused largely on decreasing intake of salt and fat and increasing intake 
of fruits, vegetables and fi bre. Interventions included one-to-one advice, group sessions and written 
materials, and ranged in intensity from a single contact to multiple contacts over several years. Of the 
23 trials reviewed, nine enrolled participants on the basis of screening for cardiovascular disease risk 
factors. The majority of studies involved interventions in health care settings; other settings included 
workplaces, community centres and homes. Results showed modest improvements in reported 
dietary intake (lower salt and fat, higher fruit, vegetables and fi bre) and cardiovascular risk factors 
(blood pressure, total cholesterol, and LDL-cholesterol). Greater effectiveness was observed among 
individuals told they were at greater risk of heart disease, and in interventions with greater intensity 
and duration. The authors estimated that the summary effects of the dietary interventions reviewed 
could reduce incidence of coronary heart disease by 12% and of stroke by 11%. This estimate is 
based on the assumption that dietary changes are sustained, and that the relative risk reductions 
attributable to changes in cholesterol and diastolic blood pressure can be combined additively.

1.3 Physical activity
Issue

Does regular physical activity reduce cardiovascular risk?

Evidence

It has been estimated that inadequate physical activity is responsible for about one-third of deaths 
due to coronary heart disease and type 2 diabetes (191). There is evidence from observational 
studies that leisure-time physical activity is associated with reduced cardiovascular risk and cardio-
vascular mortality in both men and women (192–194) and in middle-aged and older individuals 
(195, 196).

Several meta-analyses have examined the association between physical activity and cardiovascular 
disease (197–202). Berlin & Colditz (200) found a summary relative risk of death from coronary 
heart disease of 1.9 (95% CI 1.6 to 2.2) for people with sedentary occupations compared with 
those with active occupations. A meta-analysis of studies in women showed that physical activity 
was associated with a reduced risk of overall cardiovascular disease, coronary heart disease and 
stroke, in a dose–response fashion (197).

Physical activity improves endothelial function, which enhances vasodilatation and vasomotor 
function in the blood vessels (199). In addition, physical activity contributes to weight loss, 
glycaemic control (203, 204), improved blood pressure (205), lipid profi le (206–208) and insulin 
sensitivity (209). The possible benefi cial effects of physical activity on cardiovascular risk may be 
mediated, at least in part, through these effects on intermediate risk factors. Physical inactivity and 
low physical fi tness are independent predictors of mortality in people with type 2 diabetes (210).

Overall, the evidence points to the benefi t of continued regular moderate physical activity, 
which does not need to be strenuous or prolonged, and can include daily leisure activities, such 
as walking or gardening (197). Taking up regular light or moderate physical activity in middle 
or older age signifi cantly reduces CVD and all-cause mortality, and improves the quality of life 
(85, 86, 196–198, 211, 212).




