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1. What is cardiovascular disease
prevention?

1.1 Introduction
Atherosclerotic cardiovascular disease (CVD) is a chronic disorder
developing insidiously throughout life and usually progressing to an
advanced stage by the time symptoms occur. It remains the major
cause of premature death in Europe, even though CVD mortality
has fallen considerably over recent decades in many European
countries. It is estimated that. 80% of all CVD mortality now
occurs in developing countries.

CVD causes mass disability: within the coming decades the
disability-adjusted life years (DALYs) estimate is expected to rise
from a loss of 85 million DALYs in 1990 to a loss of� 150
million DALYs globally in 2020, thereby remaining the leading
somatic cause of loss of productivity.1
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CVD is strongly connected to lifestyle, especially the use of
tobacco, unhealthy diet habits, physical inactivity, and psychosocial
stress.2 The World Health Organization (WHO) has stated that
over three-quarters of all CVD mortality may be prevented with
adequate changes in lifestyle. CVD prevention, remaining a major
challenge for the general population, politicians, and healthcare
workers alike, is de�ned as a co-ordinated set of actions, at
public and individual level, aimed at eradicating, eliminating, or min-
imizing the impact of CVDs and their related disability. The bases
of prevention are rooted in cardiovascular epidemiology and
evidence-based medicine.3

The aim of the 2012 guidelines from the Fifth Joint Task Force
(JTF) of the European Societies on Cardiovascular Disease Preven-
tion in Clinical Practice is to give an update of the present knowl-
edge in preventive cardiology for physicians and other health
workers. The document differs from 2007 guidelines in several
ways: there is a greater focus on new scienti�c knowledge. The
use of grading systems [European Society of Cardiology (ESC)
and Grading of Recommendations Assessment, Development,
and Evaluation (GRADE)] allows more evidence-based recommen-
dations to be adapted to the needs of clinical practice.

The reader will �nd answers to the key questions of CVD pre-
vention in the �ve sections: what is CVD prevention, why is it
needed, who should bene�t from it, how can CVD prevention
be applied, and when is the right moment to act, and �nally
where prevention programmes should be provided.

A literature search of clinical guidelines aimed at cardiovascular
risk assessment in clinical practice identi�ed. 1900 publications.4

When these were evaluated using the Appraisal of Guidelines Re-
search and Evaluation (AGREE) instrument, only seven achieved
the level considered ‘considerable rigour’. Too much guidance
and too little impact? The gap between state-of-the-art knowledge
and its implementation in clinical practice remains wide, as shown
in recent surveys such as EUROASPIRE III.5 Family doctors may be
�ooded with recommendations in the wide �eld of family medi-
cine. Finding time to read and implement the many guidelines
can be an overwhelming task in a busy primary care centre or a
regional hospital clinic.

The Task Force behind the 2012 recommendations has chosen
to limit the size to the level of the executive summary of previous
JTF publications. All relevant reference material is available on the
dedicated CVD Prevention Guidelines page of the ESC Website
(www.escardio.org/guidelines). A one-page summary of all strong
recommendations according to the GRADE system will be pro-
vided, which may stimulate implementation; and a pocket version
will be available for daily clinical use.

1.2 Development of guidelines
The �rst joint recommendations (1994) re�ected the need for a
consensus statement from the ESC, the European Atherosclerosis
Society, and the European Society of Hypertension, and advocated
the principle of total risk assessment for primary prevention. A re-
vision was published in 1998 by the second JTF involving these
three societies joined by the European Society of General Prac-
tice/Family Medicine, the European Heart Network (EHN), and
the International Society of Behavioural Medicine.

Appreciating that an even broader �eld of expertise was
required, the third JTF was extended to include eight societies:
the European Association for the Study of Diabetes and the Inter-
national Diabetes Federation Europe joined. The third JTF widened
the guidance from coronary heart disease (CHD) to CVD and
introduced the concept of total CVD risk assessment using the
database of the Systematic Coronary Risk Evaluation Project
(SCORE).

Special risk charts based on SCORE were produced for both
low- and high-risk countries and gained wide acceptance through-
out Europe. The concept of primary and secondary prevention was
replaced by the recognition that atherosclerosis was a continuous
process. Priorities were proposed at four levels: patients with
established disease, asymptomatic individuals at high risk of CVD
mortality, �rst-degree relatives of patients with premature CVD,
and other individuals encountered in routine clinical practice.

In the 2007 update, the fourth JTF re�ected consensus from nine
scienti�c bodies as the European Stroke Initiative joined the group.
From the ESC, the European Association for Cardiovascular Pre-
vention & Rehabilitation contributed with scientists from the
�elds of epidemiology, prevention, and rehabilitation. Novelties
were an increased input from general practice and cardiovascular
nursing, being key players in the implementation of prevention.
Lifestyle counselling was given greater importance and there was
a revised approach to CVD risk in the young, using a SCORE-based
relative risk chart.

The present update from the �fth JTF re�ects the consensus on
the broader aspects of CVD prevention from the nine participating
organizations. For more detailed guidance, reference is made to
the speci�c guidelines from the participating societies, which are
in full congruence with this publication.

The partner societies co-operate in the Joint Societies Imple-
mentation Committee, which aims to stimulate dissemination of
the guidelines, acceptance at national levels, and the formation of
national alliances to translate the recommendations into clinical
practice. The programme ‘Call for Action’ was one of the efforts
of this committee.6

Implementation has been well accepted at the European Union
(EU) political level after the launch of the European Heart Health
Charter in the European Parliament in June 2007.6 This public
health statement has been endorsed by a majority of the EU
member states, de�ning the characteristics of people who tend
to stay healthy as:

• No use of tobacco.
• Adequate physical activity: at least 30 min �ve times a week.
• Healthy eating habits.
• No overweight.
• Blood pressure below 140/90 mmHg.
• Blood cholesterol below 5 mmol/L (190 mg/dL).
• Normal glucose metabolism.
• Avoidance of excessive stress.

1.3 Evaluation methods
Good guidelines are a major mechanism for improving the delivery
of healthcare and improving patient outcomes.7 Guidelines based
on credible evidence are more likely to be implemented in clinical
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practice.8 The present guidelines follow the quality criteria for de-
velopment of guidelines, which can be found atwww.escardio.org/
knowledge/guidelines/rules.

In short, experts from the nine organizations performed a com-
prehensive review and a critical evaluation of diagnostic and thera-
peutic procedures, including assessment of the risk–bene�t ratio.
The level of evidence and the strength of recommendation of par-
ticular treatment options were weighed and graded according to
the ESC recommendations (Tables1 and2).

Statements from the writing panel disclosing con�icts of interest
are available on the ESC website. Changes in con�icts of interest
that arose during the writing period were noti�ed.

The preparation and publication of the �fth JTF report was
supported �nancially by the ESC without any involvement of
the pharmaceutical industry. Once the document had been �na-
lized by the �fth JTF experts it was submitted for extensive inde-
pendent external review. Following this revision and after
acceptance by the ESC Committee for Practice Guidelines and
the co-operating organizations in the �fth JTF, the document
was published.

1.4 Combining evaluation methods
An important novelty in reviewing quality of evidence and making
recommendations is the use of both the ESC-recommended
method of evaluation and the GRADE rating system.9 In contrast
to the 2007 guidelines, the JTF has chosen to provide guidance
with both systems so that readers acquainted with the former
method and those preferring GRADE will �nd their individually
adapted but still congruent guidance in the combined recommen-
dation tables.

The JTF introduced GRADE as it uses a transparent and rigorous
process to assess the quality of evidence in terms of whether further
research would or would not change con�dence in the estimate of
intervention effects or diagnostic accuracy.10 Speci�c quality indica-
tors are: study limitations; inconsistency of �ndings; indirectness of
evidence; imprecision; and publication bias (Table3). These are

Table 1 Classes of recommendations

Classes of 
recommendations

DeÞnition Suggested wording to use

Class I Evidence and/or general agreement 
that a given treatment or procedure 
is beneÞcial, useful, effective. 

Is recommended/is 
indicated

Class II Conßicting evidence and/or a 
divergence of opinion about the 
usefulness/efÞcacy of the given 
treatment or procedure. 

    Class IIa Weight of evidence/opinion is in 
favour of usefulness/efÞcacy. 

Should be considered

    Class IIb Usefulness/efÞcacy is less well 
established by evidence/opinion. 

May be considered

Class III Evidence or general agreement that 
the given treatment or procedure 
is not useful/effective, and in some 
cases may be harmful. 

Is not recommended

Table 2 Levels of evidence

Level of 
evidence A 

Data derived from multiple randomized 
clinical trials or meta-analyses. 

Level of 
evidence B 

Data derived from a single randomized 
clinical trial or large non-randomized 
studies. 

Level of 
evidence C 

Consensus of opinion of the experts and/
or small studies, retrospective studies, 
registries.

Table 3 Quality of evidence used in GRADE 9

Study limitations Non-concealment of allocation; non-blinding of 
outcome assessment; high losses to follow-up; 
no intention-to-treat analysis.

Inconsistent 
Þndings

Variability due to differences in patients 
studied, intervention, outcomes assessed.

Indirectness of 
evidence 

Head-to-head comparisons are direct; 
intervention A vs. control and B vs. control is 
indirect in assessing A vs. B.

Imprecision Small patient numbers resulting in wide 
conÞdence intervals.

Publication bias Typically trials showing no effect of 
intervention are not published or are 
published in local non-indexed journals.
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applied to each outcome of criticalimportance for decision-making in
the judgement of the guideline group (e.g. reduction in clinical events
is usually critical; changes in biochemical values are not usually critic-
al). Judgements are then made on these indicators to rate evidence
quality from high (i.e. further research is unlikely to change con�dence
in the estimate of effect), to moderate, low, and very low (i.e. any es-
timate of effect is very uncertain). This judgement is made on quality
of evidence for the critical outcomes and not those that are not crit-
ical for decision-making.

The value of this new approach is that systematic review or ran-
domized control trial (RCT) evidence that is biased, inconsistent,
or imprecise may be downgraded from high- to moderate- or low-
quality evidence. Similarly, observational data from cohort or
case–control studies may be upgraded from moderate or low
(as is typical in the old levels-of-evidence approach) to high if
bias is unlikely, and �ndings are consistent and precise. This is
very helpful in assessing evidence for CVD prevention where
RCTs of health behaviours are dif�cult to conduct and may be
misleading.

GRADE also distinguishes quality of evidence and strength of
recommendation.9 Strong evidence does not automatically lead
to a strong recommendation. Recommendations are based on
the quality of the evidence, the degree of uncertainty about the
balance of bene�ts and harms of the intervention, uncertainty
about the values and preferences of patients, and uncertainty
about whether the intervention is a wise use of resources.
Rather than have a range of classes of recommendation (e.g.
Class I–Class III), GRADE only uses two categories—strong or
weak (i.e. discretionary, conditional). The implications of a strong
recommendation are: most informed patients would choose the
recommended intervention (and request discussion if not
offered); clinicians would ensure that most patients should
receive the intervention; and the recommendation would be
adopted as policy in organized healthcare systems. In contrast,
for weak recommendations, some patients would want the inter-
vention but many would not; clinicians would help patients make
choices dependent on their values and preferences; policy
makers would require debate among various stakeholders to
decide on the role of the intervention.

The GRADE approach can be applied to diagnostic strategies
in the same way with a few minor changes to the quality
criteria used,9 and may also be used in conjunction with appraisals
of resource use and cost-effectiveness.10 However, as resources
are valued differently across Europe, it is not feasible in these
guidelines to make judgements about the appropriateness of
resource use for the interventions and diagnostic strategies consid-
ered here.

2. Why is prevention of
cardiovascular disease needed?

Key messages

• Atherosclerotic CVD, especially CHD, remains the leading
cause of premature death worldwide.

• CVD affects both men and women; of all deaths that occur
before the age of 75 years in Europe, 42% are due to CVD in
women and 38% in men.

• CVD mortality is changing, with declining age-standardized rates
in most European countries, which remain high in Eastern
Europe.

• Prevention works:. 50% of the reductions seen in CHD mor-
tality relate to changes in risk factors, and 40% to improved
treatments.

• Preventive efforts should be lifelong, from birth (if not before)
to old age.

• Population and high-risk preventive strategies should be com-
plementary; an approach limited to high-risk persons will be
less effective; population education programmes are still
needed.

• Despite gaps in our understanding, there is ample evidence to
justify intensive public health and individual preventive efforts.

• There is still substantial room for improvement in risk factor
control, even in individuals at very high risk.

2.1 Scope of the problem
‘Coronary heart disease (CHD) is now the leading cause of death
worldwide; it is on the rise and has become a true pandemic that
respects no borders’. This statement from 2009 on the website of
the WHO11 does not differ much from the warning issued in 1969
by its Executive Board: ‘Mankind’s greatest epidemic: CHD has
reached enormous proportions striking more and more at
younger subjects. It will result in coming years in the greatest epi-
demic mankind has faced unless we are able to reverse the trend
by concentrated research into its cause and prevention’.12 The
second major CVD—stroke—is another substantial cause of
death and disability. For these reasons, the �fth JTF guidelines
refer to the total burden of atherosclerotic CVD.

The choice of total burden of atherosclerotic CVD may give the
impression that nothing has changed over the past 40 years, but
this is not true. On the contrary, the epidemic has been and still
is extremely dynamic and is in�uenced by both changes in cardio-
vascular risk factors and in increased opportunities for targeted
interventions to prevent and treat CVD. This results in ups and
downs of cardiovascular morbidity and mortality over relatively
short periods with wide variability across the globe, including
developing countries where the major proportion of all events
occurs nowadays. In different parts of the world, the dynamics of
the epidemic vary greatly in pattern, magnitude, and timing.13 In
Europe, the burden remains high: CVD remains a major cause of
premature deaths and loss of DALYs—a composite of premature
death and living with the disease. It is not widely appreciated that
CVD is the main cause of premature death in women: CVD was
responsible for 42% of all deaths below 75 years of age in Euro-
pean women and for 38% of all deaths at, 75 years in men.14

However, a decline in age-standardized CHD and CVD mortality
has been observed in many European countries between the
1970s and 1990s, with the earliest and most prominent decrease
in the more af�uent countries, illustrating the potential for preven-
tion of premature deaths and for prolonging healthy life

Joint ESC Guidelines Page 7 of 77



expectancy. In several eastern European countries, however, CVD
and CHD mortality remains high.15

Policy makers need to know whether major contributors to
morbidity and mortality such as CVD are tracking up or down.
A valid and actual description of the epidemic by place, time, and
personal characteristics is continuously needed to guide and
support health policies.

At present there is no standardized source of Europe-wide CVD
morbidity data. Results from the Multinational MONItoring of
trends and determinants in CArdiovascular disease (MONICA)
project indicated a heterogeneous trend in CHD incidence in
the 1980s to 1990s in Europe.16 This pattern may have changed,
and results from recent reports do suggest that mortality and mor-
bidity from CHD is levelling, especially in younger adults.17,18 One
should also realize that because of an ageing population and a
reduced case fatality of acute coronary events, the total number
of people living with CHD increases. The majority of these patients
develop the disease at an advanced age, leading to a compression
of morbidity in the very old of the community and to a prolonged
life expectancy in good health. The Global Health Observatory
database of the WHO (http://apps.who.int/ghodata/?vid=2510)
provides data on present mortality rates from CVD in the world.

2.2 Prevention of cardiovascular disease:
a lifelong approach
Prevention of CVD ideally starts during pregnancy and lasts until
the end of life. In daily practice, prevention efforts are typically tar-
geted at middle-aged or older men and women with established
CVD (i.e. secondary prevention) or those at high risk of developing
a �rst cardiovascular event [e.g. men and women with combina-
tions of smoking, elevated blood pressure (BP), diabetes or dyslipi-
daemia (i.e. primary prevention)]; CVD prevention in the young,
the very old, or those with just a moderate or mild risk is still
limited, but can result in substantial bene�t. Prevention is typically
categorized as primary or secondary prevention, although in CVD
the distinction between the two is arbitrary in view of the under-
lying, gradually developing atherosclerotic process. Since the in-
struction by Geoffrey Rose decades ago, two approaches
towards prevention of CVD are considered: the population strat-
egy and the high-risk strategy.19

The population strategy aims at reducing the CVD incidence at
the population level through lifestyle and environmental changes
targeted at the population at large. This strategy is primarily
achieved by establishing ad-hoc policies and community interven-
tions. Examples include measures to ban smoking and reduce the
salt content of food. The advantage is that it may bring large ben-
e�ts to the population although it may offer little to the individual.
The impact of such an approach on the total number of cardiovas-
cular events in the population may be large, because all subjects
are targeted and a majority of events occur in the substantial
group of people at only modest risk.

In the high-risk approach, preventive measures are aimed at
reducing risk factor levels in those at the highest risk, either indivi-
duals without CVD at the upper part of the total cardiovascular
risk distribution or those with established CVD. Although indivi-
duals targeted in this strategy are more likely to bene�t from the

preventive interventions, the impact on the population level is
limited, because people at such high risk are few. For a long time
the population strategy has been considered to be more cost-
effective than the high-risk approach but since the introduction
of highly effective lipid lowering drugs, improvement in smoking
cessation programmes and lower costs of antihypertensive drugs,
the effectiveness of the high risk approach has increased.20

There is consensus that the largest preventive effect is achieved
when these are combined.

Importantly, evidence that increased cardiovascular risk starts
developing at a (very) young age has accumulated over past
decades. Even exposure to risk factors before birth may in�uence
the lifetime risk of CVD,21 as has been illustrated from studies in
the offspring of women who were pregnant during the Dutch
famine in the Second World War.22 Although children are at
very low absolute risk of developing CVD, those at a relatively
high risk compared with their peers remain at increased risk of ex-
periencing a cardiovascular event later in life because of ‘tracking’
of risk factors (i.e. those at the high end of the distribution of a
risk factor in early life tend to stay in the upper part of the distri-
bution).23 Thus a healthy lifestyle in the young is crucial, although
ethical and other reasons prohibit the provision of strong levels of
evidence based on randomized trials for the bene�ts in terms of
reduced incidence of CVD from, for example, school programmes
on health education or smoking cessation actions. Also, the limited
attention on CVD prevention in the elderly has proven unjusti�ed.
Studies have shown that preventive measures (i.e. BP lowering and
smoking cessation) are bene�cial up to advanced age.24,25 These
facts exemplify that prevention of CVD should be a lifelong
effort, albeit that the bene�cial effects in terms of, for example, a
lower incidence of fatal or non-fatal cardiovascular events or
improvement in quality of life, should always be weighed against
the potential harm that speci�c measures may cause (including
side effects of drugs and psychological effects of labelling healthy
subjects as patients) and against related costs.

2.3 Prevention of cardiovascular disease
pays off
In order to interpret the dynamics of the CVD epidemic, it is
important to differentiate the effect of a reduced case fatality
and changes related to preventing clinical events. Some authors
credit the greater use of evidence-based medical therapies such
as thrombolysis, aspirin, angiotensin-converting enzyme (ACE)
inhibitors, percutaneous coronary intervention (PCI), and coron-
ary artery bypass graft (CABG) surgery,26,27 while others credit
improved management of major risk factors such as smoking,
hypertension, and dyslipidaemia.28

The MONICA project, performed during the 1980s and 1990s,
showed that only part of the variation in the time trends of coron-
ary event rates could be predicted by trends in risk factors.16 The
relationship between changes in risk factor scores and changes in
event rates was substantial. and the changes in risk factors
explained almost half the variation in event rates in men but less
in women.

Moreover, there was a signi�cant association between treatment
change and case fatality. Thus it was concluded that both primary
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prevention and treatment of cardiovascular events in�uence mor-
tality. In many MONICA centres there were quite substantial
changes, up or down, in CVD events within time periods as
small as 10 years. The only reasonable explanation is that both
environmental changes, especially related to lifestyle, and improved
management are important.

Another approach to understanding the changes in CVD mortal-
ity and incidence rates is by applying models such as the IMPACT
mortality model.29 Based on information on changes in coronary
risk factors and in treatment as obtained from the results of
RCTs regarding the effectiveness of different treatment modalities,
it estimates the expected in�uence on CHD mortality by age and
gender. This model has been applied in different countries; the
results from these studies are rather consistent and similar to
what has been observed in other studies of the same subject, as
summarized inFigure1. Bene�cial reductions in major risk
factors—in particular smoking, BP, and cholesterol—accounted
for more than half of the decrease in CHD deaths, although they
were counteracted by an increase in the prevalence of obesity
and type 2 diabetes;� 40% of the decline in CHD death rates is
attributed to better treatments of acute myocardial infarction,
heart failure, and other cardiac conditions. Results from clinical
trials and natural experiments also show that a decline in CHD
mortality can happen rapidly after individual or population-wide
changes in diet or smoking.30

The potential for prevention based on healthy lifestyles, appro-
priate management of classical risk factors, and selective use of
cardioprotective drugs is obvious. The human and economic argu-
ments in favour of CVD prevention were recently estimated by the
National Institute for Health and Clinical Excellence (NICE)32 as
overwhelmingly positive, and many committees from other

countries have almost the same views.33 According to the report
of NICE, implementation of the population approach may bring
numerous bene�ts and savings:

• Narrowing the gap in health inequalities.
• Cost savings from the number of CVD events avoided.
• Preventing other conditions such as cancer, pulmonary diseases,

and type 2 diabetes.
• Cost savings associated with CVD such as medications, primary

care visits, and outpatient attendances.
• Cost savings to the wider economy as a result of reduced loss of

production due of illness in those of working age, reduced
bene�t payments, and reduced pension costs from people
retiring early from ill health.

• Improving the quality and length of people’s lives.

2.4 Ample room for improvement
Within the scope of the comprehensive programme on CVD pre-
vention of the ESC, surveys are carried out to document how well
the guidelines are implemented in clinical practice. These surveys
are called EUROASPIRE; the results from the hospital arm of
EUROASPIRE III33 (2006–2007) in 8966 patients with established
CHD from 22 European countries show that large proportions of
patients still do not achieve the lifestyles, risk factor levels, and
therapeutic targets set in 2003 by the third JTF. The proportions
of patients who were at goal for the different recommendations
and for risk factor management are given inTable4; ideally,
100% of patients should reach the goals, but in practice fewer
than half tend to reach the targets.

Moreover, the changes between EUROASPIRE I (1996) and
EUROASPIRE III reveal that the proportion of smokers did not
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Figure 1 Percentage of the decrease in deaths from coronary heart disease attributed to treatments and risk factor changes in different popu-
lations (adapted from Di Chiaraet al.31)
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change and BP control has not improved despite increased use of
antihypertensive drugs, while the number of patients with (central)
obesity continues to increase. On the other hand, lipid control has
improved signi�cantly.5 In EUROASPIRE III, asymptomatic high-risk
subjects have been included in the primary prevention arm; the ad-
herence to the recommended lifestyles and the proportions at goal
for blood pressure, lipids, and blood glucose are even worse.34

These �ndings call for comprehensive and multidisciplinary pro-
grammes involving both patients and their families. The ef�cacy and
safety of such programmes have been demonstrated in the EURO-
ACTION project—an ESC demonstration project showing that
the recommended lifestyle changes and the targeted management
of cardiovascular risk factors are achievable and sustainable in daily
clinical practice, in both primary and secondary care.35

Remaining gaps in the evidence

• Our understanding of the reasons for changes in the behaviour
of both populations and individuals remains incomplete.

• The mechanisms whereby such changes in behaviour translate
into changes in disease patterns are also incompletely
understood.

• Auditing and studying the most effective preventive measures is
therefore challenging.

• More research into prevention of CVD is needed, starting early
in life or even during fetal development.

• It is uncertain whether CVD is merely deferred by preventive
efforts or if it of can be avoided completely.

• There is an ongoing need for a valid and accurate description of
CVD morbidity and mortality throughout the world.

3. Who should bene�t from it?

3.1 Strategies and risk estimation
Key messages

• In apparently healthy persons, CVD risk is most frequently the
result of multiple interacting risk factors.

• A risk estimation system such as SCORE can assist in making
logical management decisions, and may help to avoid both
under- and overtreatment.

• Certain individuals are at high CVD risk without needing risk
scoring and require immediate intervention for all risk factors.

• In younger persons, a low absolute risk may conceal a very high
relative risk, and use of the relative risk chart or calculation of
their ‘risk age’ may help in advising them of the need for inten-
sive lifestyle efforts.

• While women appear to be at lower CVD risk than men, this is
misleading as risk is deferred by� 10 years rather than avoided.

• All risk estimation systems are relatively crude and require at-
tention to qualifying statements.

• Additional factors affecting risk can be accommodated in
electronic risk estimation systems such as HeartScore
(www.heartscore.org).

• The total risk approach allows �exibility: if perfection cannot be
achieved with one risk factor, risk can still be reduced by trying
harder with others.

3.1.1 Introduction
The encouragement of the use of total risk estimation as a crucial
tool to guide patient management has been a cornerstone of the
guidelines since the �rst edition.38 This is because clinicians treat

Recommendations regarding risk estimation

Recommendations Class a Level b GRADE Ref C

Total risk estimation using 
multiple risk factors (such as 
SCORE) is recommended for 
asymptomatic adults without 
evidence of CVD.

I C Strong 36

High-risk individuals can be 
detected on the basis of 
established CVD, diabetes
mellitus, moderate to
severe renal disease, very
high levels of individual risk
factors, or a high SCORE risk,
and are a high priority for
intensive advice about all risk
factors.        

I C Strong 36,37

CVD ¼ cardiovascular disease.
aClass of recommendation.
bLevel of evidence.
cReferences.

Table 4 Guideline recommendations vs.
achievements in patients with established coronary
heart disease in EUROASPIRE III

Guideline recommendations Proportions at goal

Smoking cessation among smokers 48

Regular physical activity 34

BMI <25 kg/m2 18

Waist circumference
 <94 cm (men)

 <80 cm (women)

25

12

Blood pressure <140/90 mmHg 50

Total cholesterol <4.5 mmol/L (175 mg/dL) 49

LDL cholesterol <2.5 mmol/L (100 mg/dL) 55

Among patients with type 2 diabetes:
 Fasting glycaemia <7.0 mmol/L (125 mg/dL)

 HbA1c <6.5%

27

35

BMI¼ body mass index; HbA1c ¼ glycated haemoglobin; LDL¼ low-density
lipoprotein.
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whole people (and not individual risk factors), whose cardiovascu-
lar risk usually re�ects the combined effects of several risk factors
that may interact, sometimes multiplicatively. Having said that, the
implication that total risk assessment, while logical, is associated
with improved clinical outcomes when compared with other strat-
egies has not been adequately tested.

Although clinicians often ask for threshold values at which to
trigger an intervention, this is problematic since risk is a continuum
and there is no exact point above which, for example, a drug is
automatically indicated, nor below which lifestyle advice may not
usefully be offered. This issue is dealt with in more detail in
these guidelines, as is the issue of how to advise younger
persons at low absolute but high relative risk, and the fact that
all elderly people will eventually be at high risk of death and may
be overexposed to drug treatments.

The priorities suggested in this section are to assist the physician
in dealing with individual people and patients. As such, they ac-
knowledge that individuals at the highest levels of risk gain most
from risk factor management. However, as noted elsewhere, the
majority of deaths in a community come from those at lower
levels of risk, simply because they are more numerous.19

3.1.2 Strategies
Cardiovascular risk in the context of these guidelines means the
likelihood of a person developing an atherosclerotic cardiovascular
event over a de�ned time period.

‘Total risk’ implies an estimate of risk made by considering the
effect of the major factors: age, gender, smoking, BP, and lipid
levels. The term has become widely used; however, ‘total risk’ is
not comprehensive because the effects of other risk factors are
not considered except as qualifying statements.

The importance of total risk estimation before management
decisions are made is illustrated inTable5 and Figure2. The
�gure shows that the effect of the lipid levels on risk is modest
in women who are at otherwise low risk, and that the risk

advantage of being female is lost by the combination of smoking
and mild hypertension.Table5 shows that a person with a choles-
terol concentration of 8 mmol/L (310 mg/dL) can be at 10 times
lower risk than someone with a cholesterol concentration of
5 mmol/L (190 mg/dL) if the latter is a male hypertensive
smoker. RCTs of single risk factors do not give suf�cient data to
address these issues fully. While audits such as EUROASPIRE5,38,39

suggest inadequate risk factor management in very-high-risk sub-
jects, it is also likely that, in the context of low-risk subjects who
have not had a vascular event, there is the potential for substantial
overuse of drugs by inappropriate extrapolation of the results of
trials conducted mostly in high-risk men to low-risk individuals.
In general, women and old and young subjects have been under-
represented in the classic drug trials that have informed guidelines
to date.

It is essential for clinicians to be able to assess risk rapidly and
with suf�cient accuracy to allow logical management decisions.

Table 5 Impact of combinations of risk factors on
SCORE 10-year risk of fatal cardiovascular disease

Sex Age
(years)

CHOL
(mmol/L)

SBP
(mmHg)

Smoke Risk %a

F 60 8 120 No 2

F 60 7 140 Yes 5

M 60 6 160 No 8

M 60 5 180 Yes 21

CHOL ¼ cholesterol; SBP¼ systolic blood pressure.
aSCORE risk at 10 years; 5 mmol/L¼ 190 mg/dL, 6 mmol/L¼ 230 mg/dL,
7 mmol/L¼ 270 mg/dL, 8 mmol/L¼ 310 mg/dL.
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CVD = cardiovascular disease; 
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SBP = systolic blood pressure; 
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Figure 2 Relationship between total cholesterol/HDL cholesterol ratio and 10-year fatal CVD events in men and women aged 60 years with
and without risk factors, based on a risk function derived from the SCORE project.
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This realization led to the development of the risk chart used in the
1994 and 1998 guidelines.38,40 This chart, developed from a
concept pioneered by Andersonet al.,41 used age, sex, smoking
status, total cholesterol, and systolic blood pressure (SBP) to esti-
mate the 10-year risk of a �rst fatal or non-fatal CHD event. There
were several problems with this chart, outlined in the fourth JTF
guidelines on prevention,37 which led to the presently recom-
mended risk estimation system, SCORE.

3.1.3 Risk estimation
When do I assess total risk?
As noted in the ‘priorities’ section, persons with established
CVD are already at very high risk of further events and need
prompt intervention on all risk factors, while in apparently
healthy persons total risk should be assessed by using the
SCORE system.

While the ideal scenario would be for all adults to have their
risk of CVD assessed, this may not be practicable for many
societies. This decision must be made by individual countries and
will be resource dependent. It is recommended that risk factor
screening including the lipid pro�le may be considered in adult
men . 40 years old and in women. 50 years of age or
post-menopausal.42

Most people will visit their family doctor at least once over a
2-year period giving an opportunity for risk assessment. General
practice databases may be useful to store risk factor data, and to
�ag high-risk persons. It is suggested that total risk assessment
be offered during a consultation if:

• The person asks for it.
• One or more risk factors such as smoking, overweight, or

hyperlipidaemia are known.
• There is a family history of premature CVD or of major risk

factors such as hyperlipidaemia.
• There are symptoms suggestive of CVD.

Special efforts should be made to assess risk in the socially
deprived who are more likely to carry a heavy burden of risk
factors.43

The 2003 guidelines44 used the SCORE chart for risk estima-
tion,45 which was based on data from 12 European cohort
studies; it included 205 178 subjects examined at baseline
between 1970 and 1988 with 2.7 million years of follow-up and
7934 cardiovascular deaths. The SCORE risk function has been ex-
ternally validated.46

Risk charts such as SCORE are intended to facilitate risk estima-
tion in apparently healthy persons. Patients who have had a clinical
event such as an acute coronary syndrome (ACS) or stroke auto-
matically qualify for intensive risk factor evaluation and
management.

SCORE differs from earlier risk estimation systems in several im-
portant ways, and has been modi�ed somewhat for the present
guidelines. Details of these modi�cations follow.

The SCORE system estimates the 10-year risk of a �rst fatal ath-
erosclerotic event, whether heart attack, stroke, aneurysm of the
aorta, or other. All ICD (International Classi�cation of Diseases)
codes that could reasonably be assumed to be atherosclerotic
are included. Most other systems estimate CHD risk only.

The choice of CVD mortality rather than total (fatal+ non-
fatal) events was deliberate although not universally popular. Non-
fatal event rates are critically dependent upon de�nitions and the
methods used in their ascertainment. Striking changes in both diag-
nostic tests and therapies have occurred since the SCORE cohorts
were assembled. Critically, the use of mortality permits
re-calibration to allow for time trends in CVD mortality. Any
risk estimation system will overpredict in countries in which mor-
tality has fallen and underpredict in those in which it has risen.
Re-calibration to allow for secular changes can be undertaken if
good quality, up-to-date mortality and risk factor prevalence data
are available. Data quality does not permit this for non-fatal
events. For these reasons, the CVD mortality charts were pro-
duced, and have been re-calibrated for a number of European
countries. Calibrated country-speci�c versions for Cyprus, Czech
Republic, Germany, Greece, Poland, Slovakia, Spain, and Sweden,
and country-speci�c versions for Bosnia and Herzegovina,
Croatia, Estonia, France, Romania, Russian Federation, and
Turkey can be found atwww.heartscore.org. Nevertheless it is es-
sential to address the issue of total risk.

In the 2003 guidelines,44 a 10-year risk of CVD death of� 5%
was arbitrarily considered high risk. Yet this implies a 95%
chance of not dying from CVD within 10 years, less than impres-
sive when counselling patients. The new nomenclature in the
2007 guideline was that everyone with a 10-year risk of cardiovas-
cular death� 5% has an increased risk. Clearly the risk of total fatal
and non-fatal events is higher, and clinicians naturally wish for this
to be quanti�ed. The biggest contributor to the high-risk SCORE
charts is the Finnish contribution to MONICA, FINRISK, which
has data on non-fatal events de�ned according to the MONICA
project.47 Calculating total event rates from FINRISK suggests
that, at the level (5%) at which risk management advice is likely
to be intensi�ed, total event risk is� 15%. This three-fold multi-
plier is somewhat smaller in older persons in whom a �rst event
is more likely to be fatal. An examination of the Framingham esti-
mates of risk of total CVD events results in similar conclusions: a
5% SCORE risk of CVD death equates to a 10–25% Framingham
risk of total CVD, depending upon which of the several Framing-
ham functions is chosen. Again the lower end of the range
applies to older persons.

In summary, the reasons for retaining a system that estimates
fatal as opposed to fatal+ non-fatal CVD are:

• Death is a hard and reproducible endpoint; a non-fatal event is
variable and depends upon de�nitions, diagnostic criteria, and
diagnostic tests, all of which may vary over time. Thus, the
‘20% total CVD (or CHD)’ risk used to denote high risk in
many guidelines is likely to be variable, unstable over time,
and hard to validate.

• A high risk of CVD death automatically indicates a higher risk of
total events.

• The multiplier to convert fatal to total CVD is similarly unstable
and is often less than clinicians expect, since follow-up is termi-
nated in all current systems with the �rst event, and subsequent
fatal or non-fatal events are not counted.

• The use of fatal CVD as the endpoint allows accurate
re-calibration to other countries and cultures to adjust for
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time trends in mortality and in risk factor prevalence, an import-
ant consideration given the cultural diversity within Europe.

As noted in the introduction, thresholds to trigger certain inter-
ventions are problematic since risk is a continuum and there is
no threshold at which, for example, a drug is automatically indi-
cated. A particular problem relates to young people with high
levels of risk factors: a low absolute risk may conceal a high relative
risk requiring advice for intensive lifestyle measures. In the 2003
guidelines,44 it was suggested to extrapolate risk to age 60 to
stress that a high absolute risk would occur if preventive action
was not taken. This part of the text has been rephrased, and a rela-
tive risk chart added to the absolute risk charts to illustrate that,
particularly in younger persons, lifestyle changes can reduce risk
substantially as well as reducing the increase in risk that will
occur with ageing. A new approach to this problem in these guide-
lines is cardiovascular risk age, which is explored later in this
section.

Another problem relates to old people. In some age categories
the majority, especially of men, will have estimated cardiovascular
death risks exceeding the 5–10% level, based on age (and gender)
only, even when other cardiovascular risk factor levels are relative-
ly low. This could lead to excessive use of drugs in the elderly. This
issue is dealt with later in this section.

The role of high-density lipoprotein (HDL) cholesterol in risk
estimation has been systematically re-examined using the SCORE
database.48,49 This work has shown that HDL cholesterol can con-
tribute substantially to risk estimation if entered as an independent
variable. For example, HDL cholesterol modi�es risk at all levels of
risk as estimated from the SCORE cholesterol charts.50 Further-
more, this effect is seen in both sexes and in all age groups, includ-
ing older women.51 This is particularly important at levels of risk
just below the threshold for intensive risk modi�cation of 5%.
Many of these subjects will qualify for intensive advice if their
HDL cholesterol is low.50 The electronic, interactive version
of SCORE—HeartScore (available throughwww.heartscore.org)
is currently being adapted to allow adjustment for the impact of
HDL cholesterol on total risk.

The role of raised plasma triglycerides as a predictor of CVD has
been debated for many years. Fasting triglycerides relate to risk in
univariate analyses, but the effect is attenuated by adjustment for
other factors, especially HDL cholesterol. After adjustment for
HDL cholesterol, there is no signi�cant association between
triglycerides and CVD.52 More recently, attention has focused on
non-fasting triglycerides, which may be more strongly related to
risk independently of the effects of HDL cholesterol.53–55

Heart rate has been shown to be an independent risk factor for
CVD in the general population.56,57 Sudden cardiac death was par-
ticularly associated with elevated resting heart rate.57 Measure-
ment of resting heart rate should be done in the sitting position
after 5 min rest and should form part of the routine physical exam-
ination when assessing cardiovascular risk.

Two large observational studies have demonstrated increased
risk of cardiac events in individuals whose resting heart rate
increased over time.58,59 However, the reverse has only been
demonstrated in one of these studies; that individuals whose
heart rate decreased over time had a lower risk of CVD.58

No trial of heart rate lowering for CVD prevention in a healthy
population has been conducted to date; therefore, pharmacologic-
al lowering of heart rate in primary prevention cannot be
recommended.

Elevated heart rate has been shown to be associated with
increased risk of further cardiac events in those with established
CVD.60,61 In those post-myocardial infarction and in heart
failure patients, use of beta-blockade in carefully titrated doses
is associated with improved outcomes.62,63 More recently, in
patients with resting heart rates� 70 b.p.m. and reduced left ven-
tricular function (either coronary artery disease or heart failure),
trials of pure heart rate reduction have shown bene�t.64,65 There
is not enough evidence, at present, to recommend a target heart
rate.

Dealing with the impact of additional risk factors such as HDL
cholesterol, body weight, family history, and newer risk markers
is dif�cult within the constraint of a paper chart. The electronic
version of SCORE—HeartScore—is less constrained. It presently
replicates SCORE in an electronic format but will be used to
accommodate the results of new SCORE analyses, such as those
relating to HDL cholesterol, as these are checked and validated.
It should be stressed, however, that although many risk factors
other than the few included in the available risk functions have
been identi�ed [such as C-reactive protein (CRP) and homocyst-
eine levels], their contribution to absolute cardiovascular risk esti-
mations of individual patients (in addition to traditional risk factors)
is generally modest.66

The impact of self-reported diabetes has been re-examined.
While there is heterogeneity between cohorts, overall, the
impact of diabetes on risk appears greater than in risk estimation
systems based on the Framingham cohort, with relative risks of
� 5 in women and 3 in men.

Some of the advantages of using the risk charts may be
summarized:

Advantages of using the risk chart

¥ Intuitive, easy-to-use tool.

¥ Takes account of the multifactorial nature of cardiovascular disease.

¥ Allows ßexibility in management if an ideal risk factor level cannot be 
achieved; total risk can still be reduced by reducing other risk 
factors.

¥ Allows a more objective assessment of risk over time.

¥ Establishes a common language of risk for clinicians.

¥ Shows how risk increases with age.

¥ The new relative risk chart helps to illustrate how a young person 
with a low absolute risk may be at a substantially high and reducible 
relative risk.

¥ Calculation of an individualÕs Ôrisk ageÕ may also be of use in this 
situation.
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The SCORE risk charts are shown inFigures3–5, including a
chart of relative risks. Instructions on their use and quali�ers
follow.

Please note that the chart inFigure5 shows relative and not
absolute risk. Thus a person in the top right-hand box has a
risk that is 12 times higher than a person in the bottom
left. This may be helpful when advising a young person with

a low absolute but high relative risk of the need for lifestyle
change.

Cardiovascular risk age
The risk age of a person with several cardiovascular risk factors is
the age of a person with the same level of risk but with ideal levels
of risk factors. Thus a high-risk 40 year old may have a risk age of
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High CVD risk  countries are all those not listed under the low risk chart (Figure 4). Of these, some are at very high risk , and the high-risk
chart may underestimate risk in these. These countries are Armenia, Azerbaijan, Belarus, Bulgaria, Georgia, Kazakhstan, Kyrgyzstan, Latvia,
Lithuania, Macedonia FYR, Moldova, Russia, Ukraine, and Uzbekistan.

Figure 3 SCORE chart: 10-year risk of fatal cardiovascular disease (CVD) in countries at high CVD risk based on the following risk factors:
age, sex, smoking, systolic blood pressure, and total cholesterol.
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� 60 years. Risk age is an intuitive and easily understood way of
illustrating the likely reduction in life expectancy that a young
person with a low absolute but high relative risk of cardiovascular
disease will be exposed to if preventive measures are not adopted.

Risk age can be estimated visually by looking at the SCORE chart
(as illustrated inFigure6). In this table, the risk age is calculated
compared with someone with ideal risk factor levels, which have
been taken as non-smoking, total cholesterol of 4 mmol/L
(155 mg/dL), and blood pressure 120 mmHg.67 Risk age is also

automatically calculated as part of the latest revision of HeartScore
(www.HeartScore.org).

Risk age has been shown to be independent of the cardiovas-
cular endpoint used,67 which bypasses the dilemma of whether to
use a risk estimation system based on CVD mortality or on the
more attractive but less reliable endpoint of total CVD events.
Risk age can be used in any population regardless of baseline
risk and of secular changes in mortality, and therefore avoids
the need for re-calibration.68 At present, risk age is
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Low CVD  countries are Andorra, Austria, Belgium, Cyprus, Denmark, Finland, France, Germany, Greece, Iceland, Ireland, Israel, Italy,
Luxembourg, Malta, Monaco, The Netherlands, Norway, Portugal, San Marino, Slovenia, Spain, Sweden, Switzerland, United Kingdom.

Figure 4 SCORE chart: 10-year risk of fatal cardiovascular disease (CVD) in countries at low CVD risk based on the following risk factors:
age, sex, smoking, systolic blood pressure, and total cholesterol. Note that the risk of total (fatal+ non-fatal) CVD events will be approximately
three times higher than the �gures given.
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recommended for helping to communicate about risk, especially
to younger people with a low absolute risk but a high relative
risk. It is not currently recommended to base treatment decisions
on risk age.

What is a low-risk country? (countries inFigure4)
The fact that CVD mortality has declined in many European coun-
tries means that more countries now fall into the low-risk cat-
egory. While any cut-off point is arbitrary and open to debate, in
these guidelines the cut-off points are based on 2008 CVD plus
diabetes mortality in those aged 45–74 years (220/100 000 in
men and 160/100 000 in women).69 This de�nes 21 countries
and marks a point at which there is an appreciable gap before
the 22nd country (Czech Republic).

This list is based on European countries that are ESC members.
However, several European countries are not ESC members
because they do not have a national cardiac society or because
of size. In addition, the JTF felt it sensible to look also at
Mediterranean countries that are ESC members while not strictly
‘European’ in WHO terminology.

Very-high-risk countries
Some European countries have levels of risk that are more than
double the CVD mortality of 220/100 000 in men used to de�ne
low-risk countries. The male:female ratio is smaller than in
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Figure 5 Relative risk chart for 10-year mortality. Conversion
of cholesterol mmol/L� mg/dL: 8¼ 310, 7¼ 270, 6¼ 230,
5 ¼ 190, 4¼ 155.
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Figure 6 Illustration of the risk–age concept.
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low-risk countries, suggesting a major problem for women. Even
the high-risk charts may underestimate risk in these countries.
Countries with a CVD mortality risk of. 500/100 000 for men
and . 250/100 000 for women are at very high risk and listed in
Figure3. All remaining countries are high-risk countries.

How to use the risk estimation charts

• Use of the low-risk chart is recommended for the countries listed
in Figure4. Use of the high-risk chart is recommended for all other
European and Mediterranean countries. Note that several coun-
tries have undertaken national re-calibrations to allow for time
trends in mortality and risk factor distributions. Such charts are
likely to better represent current risk levels.

• To estimate a person’s 10-year risk of CVD death, �nd the
correct table for their gender, smoking status, and age. Within
the table �nd the cell nearest to the person’s BP and total chol-
esterol or cholesterol:HDL cholesterol ratio. Risk estimates will
need to be adjusted upwards as the person approaches the next
age category.

• Low-risk persons should be offered advice to maintain their
low-risk status. While no threshold is universally applicable, the in-
tensity of advice should increase with increasing risk. In general,
those with a risk of CVD death of� 5% qualify for intensive
advice, and may bene�t from drug treatment. At risk levels
. 10%, drug treatment is more frequently required. In persons
older than60, these thresholds should be interpreted more lenient-
ly, because their age-speci�c risk is normally around these levels,
even when other cardiovascular risk factor levels are ‘normal’.

• The relative risk chart may be helpful in identifying and counsel-
ling in young persons, even if absolute risk levels are low

• The charts may be used to give some indication of the effects of re-
ducing risk factors, given that there will be a time lag before risk
reduces and the results of RCTs in general give better estimates
of bene�ts. Those who stop smoking in general halve their risk.

Quali�ers

• The charts can assist in risk assessment and management but
must be interpreted in the light of the clinician’s knowledge
and experience, especially with regard to local conditions.

• Risk will be overestimated in countries with a falling CVD mor-
tality, and underestimated in countries in which mortality is
increasing.

• At any given age, risk estimates are lower for women than for
men. Inspection of the charts indicates that risk is merely
deferred in women, with a 60-year-old woman resembling a
50-year-old man in terms of risk.

Risk may also be higher than indicated in the charts in:

• Sedentary subjects and those with central obesity; these charac-
teristics determine many of the other aspects of risk listed
below. The increased risk associated with overweight is
greater in younger subjects than in older subjects.

• Socially deprived individuals and those from ethnic minorities.
• Individuals with diabetes: SCORE charts should be used only in

those with type 1 diabetes without target organ damage. Risk

rises with increasing blood sugar concentration before overt
diabetes occurs.

• Individuals with low HDL cholesterol, increased triglycerides, �-
brinogen, apolipoprotein B (apoB), and lipoprotein(a) [Lp(a)]
levels, especially in combination with familial hypercholesterol-
aemia, and perhaps increased high-sensitivity CRP (hsCRP). In
particular, a low HDL level will indicate a higher level of risk
in both sexes, all age groups, and at all levels of risk.51

• Asymptomatic individuals with preclinical evidence of athero-
sclerosis, for example plaque on carotid ultrasonography.

• Those with moderate to severe chronic kidney disease [glom-
erular �ltration rate (GFR), 60 mL/min/1.73 m2].

• Positive family history of premature CVD.

Priorities
The higher the risk the greater the bene�t from preventive efforts,
which guides the following priorities:

1. Very high risk
Subjects with any of the following:

• Documented CVD by invasive or non-invasive testing (such as
coronary angiography, nuclear imaging, stress echocardiography,
carotid plaque on ultrasound), previous myocardial infarction,
ACS, coronary revascularization (PCI, CABG), and other arterial
revascularization procedures, ischaemic stroke, peripheral
artery disease (PAD).

• Diabetes mellitus (type 1 or type 2) with one or more CV risk
factors and/or target organ damage (such as microalbuminuria:
30–300 mg/24 h).

• Severe chronic kidney disease (CKD) (GFR, 30 mL/min/
1.73 m2).

• A calculated SCORE� 10%.

2. High risk
Subjects with any of the following:

• Markedly elevated single risk factors such as familial dyslipidae-
mias and severe hypertension.

• Diabetes mellitus (type 1 or type 2) but without CV risk factors
or target organ damage.

• Moderate chronic kidney disease (GFR 30–59 mL/min/1.73 m2).
• A calculated SCORE of� 5% and, 10% for 10-year risk of fatal

CVD.

3. Moderate risk
Subjects are considered to be at moderate risk when their SCORE
is � 1 and, 5% at 10 years. Many middle-aged subjects belong to
this category. This risk is further modulated by factors mentioned
above.

4. Low risk
The low-risk category applies to individuals with a SCORE, 1%
and free of quali�ers that would put them at moderate risk.

These risk categories are compatible with the joint European
Atherosclerosis Society/ESC lipid guidelines.70 The joint guidelines
offer further advice on lipid intervention based on these risk
categories.
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Conclusions
Estimation of total risk remains a crucial part of the present guidelines.
The SCORE system has been updated with an estimate of total CVD
risk as well as risk of CVD death. New information on diabetes is
included. Information on relative as well as absolute risk is added
to facilitate the counselling of younger persons whose low absolute
risk may conceal a substantial and modi�able age-related risk.

The priorities de�ned in this section are for clinical use and
re�ect the fact that those at highest risk of a CVD event bene�t
most from preventive measures. This approach should comple-
ment public actions to reduce community risk factor levels and
promote a healthy lifestyle.

The principles of risk estimation and the de�nition of priorities
re�ect an attempt to make complex issues simple and accessible,
but they must be interpreted in the light of both the physician’s
detailed knowledge of their patient and local guidance and conditions.

Remaining gaps in the evidence

• Current systems of grading evidence give most weight to RCTs.
While this is appropriate, many lifestyle measures are less amen-
able to such assessment than are drug treatments, which will
therefore tend to receive a higher grade. While the GRADE
system attempts to address this issue, more debate is needed.

• There are no recent RCTs of a total risk approach to: (i) risk
assessment; or (ii) risk management.

• The young, women, older people, and ethnic minorities con-
tinue to be under-represented in clinical trials.

• A systematic comparison of current international guidelines is
needed to de�ne areas of agreement and the reasons for
discrepancies.

3.2 Genetics
Key message

• The importance of the familial prevalence of early-onset CVD is
not yet suf�ciently understood in clinical practice.

Familial prevalence of atherosclerotic disease or of major risk
factors (high BP, diabetes mellitus, hyperlipidaemia) should be sys-
tematically sought in the �rst-degree relatives of any patient
affected before 55 years in men and 65 years in women.73 This rec-
ommendation is not suf�ciently applied. In SCORE, accounting for
family history is probably very crude and is most certainly an
underestimate. Family history is a variable combination of genetics
and shared environment. There is evidence of strong heritability of
many cardiovascular risk factors.

A number of genetic polymorphisms (sequence variants that
occur at a frequency. 1%) appear to be associated with statistic-
ally signi�cant effects on risk at the population level. Because of the
polygenic and polyfactorial determinants of the most common
CVDs, the impact of any single polymorphism remains rather
modest. Genetic testing can identify variants associated with
increased risk to individual CVD risk factors, CHD, or stroke.
Commercial testing was recently made available to predict an indi-
vidual’s genetic risk, including direct-to-consumer testing. The clin-
ical bene�ts of commercial testing have not yet been
demonstrated.74

In some conditions the process of genetic counselling can be
optimized and extended with cascade screening, which identi�es
patients at risk and enables timely treatment of affected relatives,
as is the case for familial hypercholesterolaemia.72,75

3.3 Age and gender
Key messages

• CVD is by far the biggest cause of death in women.
• The risk of CVD in women, as in men, can be reduced by not

smoking, by being active, avoiding overweight, and by having a
blood pressure and blood cholesterol check (and intervention,
if elevated).

Increasing age and male sex increase CVD risk and are
‘�xed’ characteristics used to stratify risk assessments.45

Using age 55+ years as the only risk factor in determining
need for pharmacological intervention with a combined
low-dose antihypertensive, statin, and aspirin pill has been

Recommendations for genetic testing

Recommendations Class a Level b GRADE Ref C

DNA-based tests 
for common genetic 
polymorphisms do not 
presently add signiÞcantly 
to diagnosis, risk prediction, 
or patient management and 
cannot be recommended.

III B Strong 71

The added value of 
genotyping, as an alternative 
or in addition to phenotyping, 
for a better management 
of risk and early prevention 
in relatives, cannot be 
recommended.

III B Strong 72

aClass of recommendation.
bLevel of evidence.
cReferences.

Recommendation regarding age and gender

Recommendations Class a Level b GRADE Ref C

Women and older people 
should be included in CVD 
risk assessments in the same 
way as other groups to 
determine need for speciÞc 
treatments.

I B Strong 76, 77

CVD ¼ cardiovascular disease.
aClass of recommendation.
bLevel of evidence.
cReferences.
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advocated.78 However, exposure to common risk factors also
increases with age, and between one-third and one-half of the
age differences (between 25–49 vs. 50–59 and 60–64 years)
in CHD risk in Finnish people is explained by smoking,
HDL:total cholesterol ratio, SBP, body mass index (BMI), and
diabetes.76 Other risk factors such as physical inactivity and
low socio-economic status are also likely to contribute to
age differences in risk.

Age is a good marker of duration of exposure to known and
unknown CHD risk factors. Relatively young people are at low
absolute risk of a CVD event in the ensuing 10 years despite
having a full complement of risk factors. For example, a man
of 45 who smokes, has a SBP of 180 mmHg, and a blood choles-
terol of 8 mmol/L has a risk of fatal CVD of only 4% over 10
years (SCORE charts), suggesting no need for drug treatment.
However, the relative risk chart (Figure5) indicates that his
risk is already 12-fold higher than that of a man with no risk
factors. Five years later, when he reaches 50 years, his risk
increases into the danger zone of 14% over 10 years and he
requires treatment. Similar considerations apply in women
who are at lower absolute risk at younger ages and may have
high levels of speci�c risk factors. In these circumstances, clinical
judgement is required—risk scores guide and do not dictate
treatment decisions. Investment in additional measurements
such as imaging with computed tomography to obtain coronary
calcium scores may be helpful,79 but adds considerably to the
cost and time involved in risk factor scoring, and its bene�t
remains unproven.80

CVD is the major cause of death in women in all European
countries; below 75 years, 42% of women die from CVD com-
pared with 38% of men.14 The lower rates of CHD in women—
but not of stroke—may be interpreted as a protective effect of
endogenous oestrogens. However, exploration of trends over
time and between countries shows that the relationship
varies, making this an implausible explanation.81 Sex differences
in dietary fat intake (rather than excess smoking in men) may be
responsible.81 CVD mortality does not accelerate in women fol-
lowing the menopause, indicating that women are postponing
their risk rather than avoiding it altogether. The American
Heart Association (AHA) published an update of its guidelines
for the prevention of CVD in women,82 which emphasizes
that recommendations are the same for both men and
women, with few exceptions. Use of the Framingham score is
recommended but now includes a category of ‘ideal cardiovas-
cular health’ comprising absence of raised risk factors, BMI
, 25 kg/m2, regular moderate-to-vigorous physical activity, and
a healthy diet. In the US Women’s Health Initiative, only 4%
of women fell into this ideal state and a further 13% had no
risk factors but failed to follow a healthy lifestyle.83 There was
a 18% difference in major CVD events in favour of the ideal life-
style vs. the no-risk factor groups: 2.2% and 2.6% per 10 years,
respectively.

Most important new information

• Asymptomatic women and older people bene�t from risk
scoring to determine management.

Remaining gaps in the evidence

• Clinical investigation to aid treatment decisions in younger
people with high levels of risk factors requires further
evaluation.

3.4 Psychosocial risk factors
Key messages

• Low socio-economic status, lack of social support, stress at
work and in family life, depression, anxiety, hostility, and the
type D personality contribute both to the risk of developing
CVD and the worsening of clinical course and prognosis of
CVD.

• These factors act as barriers to treatment adherence and efforts
to improve lifestyle, as well as to promoting health and well-
being in patients and populations. In addition, distinct psychobio-
logical mechanisms have been identi�ed, which are directly
involved in the pathogenesis of CVD.

3.4.1 Risk factors
Low socio-economic status
Multiple prospective studies have shown that men and women
with low socio-economic status, de�ned as low educational level,
low income, holding a low-status job, or living in a poor residential
area, have an increased all-cause as well as CVD mortality risk
[relative risk (RR)� 1.3–2.0].87–91

Social isolation and low social support
Recent systematic reviews con�rm that people who are isolated or
disconnected from others are at increased risk of dying premature-
ly from CVD. Similarly lack of social support leads to decreased
survival and poorer prognosis among people with clinical manifes-
tations of CVD (RR� 1.5–3.0).92,93

Stress at work and in family life
According to a recent review, there is moderate evidence that
work-related stress (e.g. high psychological demands, lack of

Recommendation regarding psychosocial factors

Recommendations Class a Level b GRADE Ref C

Psychosocial risk factors
should be assessed by clinical
interview or standardized
questionnaires. Tailored
clinical management should be
considered in order to
enhance quality of life and
CHD prognosis.  

IIa B Strong 84Ð86

CHD ¼ coronary heart disease.
aClass of recommendation.
bLevel of evidence.
cReferences.
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social support, and job strain) are risk factors for incident CVD in
men [odds ratio (OR) 1.5].94,95 Studies involving women were too
few to draw �rm conclusions.94 Con�icts, crises, and long-term
stressful conditions in family life have also been shown to increase
CHD risk [hazard ratio (HR)� 2.7–4.0], especially in women (RR
� 2.9–4.0).96,97

Depression
Several systematic reviews and meta-analyses have shown that
clinical depression and depressive symptoms predict incident
CHD (RR 1.6 and 1.9),98–100 and worsen its prognosis (OR 1.6
and 2.4).100–102 Perceived social support seems to counteract
the adverse effect of depression,103 whereas lack of support was
found to reinforce its adverse effects.104

Anxiety
Large epidemiological studies indicate that panic attacks increase
the risk of incident cardiovascular events (HR 1.7 and 4.2, respect-
ively),105,106 and generalized, phobic anxiety, and panic attacks may
worsen the course of established CVD (OR 1.01 and 2.0, respect-
ively).107–109 In contrast to these �ndings, a recent post-hoc ana-
lysis of a large prospective cohort study found a lower all-cause
mortality in anxious CVD patients (HR 0.7). A higher mortality
could only be observed in post-myocardial infarction patients
with reduced systolic left ventricular function (HR 1.3), suggesting
antipodal effects of anxiety in different subgroups of CVD
patients.110 However, two recent meta-analyses con�rmed that
anxiety is an independent risk factor for incident CHD (HR
1.3)111 and for adverse events following myocardial infarction
(OR 1.5 and 1.7, respectively).112

Hostility and anger
Hostility is a personality trait, characterized by extensive experi-
ence of mistrust, rage, and anger, and the tendency to engage in
aggressive, maladaptive social relationships. A recent meta-analysis
has con�rmed that anger and hostility are associated with an
increased risk for cardiovascular events in both healthy and CVD
populations (HR 1.2).113 Failure to express anger might be of par-
ticular importance, as patients with CVD who suppress their anger
have an increased risk of adverse cardiac events (OR 2.9).114

Type D personality
In contrast to isolated depressive and anxious symptoms, which
often occur in episodes, the type D (‘distressed’) personality
involves an enduring tendency to experience a broader spectrum
of negative emotions (negative affectivity) and to inhibit
self-expression in relation to others (social inhibition). The type
D personality has been shown to predict poor prognosis in
patients with CVD (OR 3.7), even after adjustment for depressive
symptoms, stress, and anger.115

3.4.2 Clustering of psychosocial risk factors
and bio-behavioural mechanisms
In most situations, psychosocial risk factors cluster in the same
individuals and groups. For example, both women and men of
lower socio-economic status and/or with chronic stress are
more likely to be depressed, hostile, and socially isolated.116,117

Mechanisms that link psychosocial factors to increased CVD risk
include unhealthy lifestyle (more frequent smoking, unhealthy food
choice, and less physical exercise), increased healthcare utilization,
and low adherence to behaviour-change recommendations or
cardiac medications.88,90,116–119 Financial barriers to healthcare
have also been shown to predict negative outcomes after myocar-
dial infarction.91

In addition, persons and patients with depression and/or chronic
stress show alterations in autonomic function (including reduced
heart rate variability) in the hypothalamic–pituitary axis and in
other endocrine markers, which affect haemostatic and in�amma-
tory processes, endothelial function, and myocardial perfu-
sion.117,118,120 Enhanced risk in patients with depression may also
be due in part to adverse effects of tricyclic antidepressants.121,122

3.4.3 Assessment of psychosocial risk factors
The assessment of psychosocial factors in patients and persons
with CVD risk factors is crucial as a means to stratify future pre-
ventive efforts according to the individual risk pro�le of the
patient. Standardized measurements for depression, anxiety, hostil-
ity, socio-economic status, social support, psychosocial stress, and
type D personality are available in many languages and coun-
tries.115,123 Alternatively, a preliminary assessment of psychosocial
factors can be made within the physicians’ clinical interview, as
detailed inTable6.

Table 6 Core questions for the assessment of
psychosocial risk factors in clinical practice

Low socio-
economic 
status

What is your highest educational degree?

Are you a manual worker?

Work 
and family 
stress

Do you lack control over how to meet the demands 
at work?

Is your reward inappropriate for your effort?

Do you have serious problems with your spouse?

Social 
isolation

Are you living alone?

Do you lack a close conÞdant?

Depression
Do you feel down, depressed, and hopeless?

Have you lost interest and pleasure in life?

Anxiety
Do you frequently feel nervous, anxious, or on edge?

Are you frequently unable to stop or control worrying?

Hostility
Do you frequently feel angry over little things?

Do you often feel annoyed about other peopleÕs habits?

Type D 
personality

In general, do you often feel anxious, irritable, or 
depressed?

Do you avoid sharing your thoughts and feelings with 
other people?
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No more than mandatory education and/or a ‘yes’ for one or
more items indicates a higher risk than that assessed with the
SCORE tools or priority categories. Relevance of psychosocial
factors with respect to quality of life and medical outcome should
be discussed with the patient, and further tailored clinical manage-
ment should be considered (Section 4.5). Routine screening for
depression does not contribute to better cardiac prognosis in the
absence of changes in current models of cardiovascular care.124

Most important new information

• Recent meta-analyses have shown that symptoms of anxiety and
the type D personality increase risk for CVD and contribute to
worse clinical outcome.

Remaining gaps in the evidence

• There is limited evidence that routine screening for psychosocial
risk factors contributes to fewer future cardiac events, as screen-
ing has not yet translated into improved healthcare models.

3.5 Other biomarkers of risk
Key messages

• Novel biomarkers have only limited additional value when
added to CVD risk assessment with the SCORE algorithm.

• High-sensitive CRP and homocysteine may be used in persons at
moderate CVD risk.

Although the number of potential novel risk markers is ever
expanding yearly, this number scales down to a level close to
unity once the possible candidates have passed through the
grading of clinical evidence. Emerging biomarkers were selected
from published data, if tested as alternatives or on top of classical
risk factors, for their ability to predict or modify 10-year cardiovas-
cular morbidity or mortality. Only circulating biomarkers assessed
by standardized and validated methods (and identi�ed as risk
factors worth translating into clinical practice) were considered
in these guidelines, in a context of cost-effectiveness for assess-
ment of individual risk in the general population.

After removing novel biomarkers relevant to glucose metabol-
ism, lipid metabolism, or organ-speci�c biomarkers, which are
included in the speci�c sections (see Section 4), two groups of sys-
temic biomarkers relevant to CVD risk assessment were identi�ed:

• In�ammatory: hsCRP, �brinogen.
• Thrombotic: homocysteine, lipoprotein-associated phospholip-

ase (LpPLA2).

3.5.1 In�ammatory: high-sensitivity C-reactive protein,
�brinogen
High-sensitivity CRP has shown consistency across large prospect-
ive studies as a risk factor integrating multiple metabolic and low-
grade in�ammatory factors underlying the development of unstable
atherosclerotic plaques, with a magnitude of effect matching that of
classical major risk factors. This marker was used in individuals
showing a moderate level of risk from clinical assessment of
major CVD risk factors.125,126 However, several weak points
exist when including this novel biomarker for risk assessment:

• Multiplicity of confounders: dependence on other classical
major risk factors.

• Lack of precision: narrow diagnostic window for hsCRP level
and risk of CVD.

Recommendations for in�ammatory biomarkers

Recommendations Class a Level b GRADE Ref C

High-sensitivity CRP may be 
measured as part of reÞned 
risk assessment in patients 
with an unusual or moderate 
CVD risk proÞle.

IIb B Weak 125

High-sensitivity CRP 
should not be measured 
in asymptomatic low-risk 
individuals and high-risk 
patients to assess 10-year risk 
of CVD.

III B Strong 126

Fibrinogen may be measured 
as part of reÞned risk 
assessment in patients with 
an unusual or moderate CVD 
risk proÞle.

IIb B Weak 127

Fibrinogen should not be 
measured in asymptomatic 
low-risk individuals and
 high-risk patients to assess 
10-year risk of CVD.

III B Strong 127

CRP¼ C-reactive protein; CVD, cardiovascular disease.
aClass of recommendation.
bLevel of evidence.
cReferences.

Recommendations for thrombotic biomarkers

Recommendations Class a Level b GRADE Ref C

Homocysteine may be 
measured as part of a reÞned 
risk assessment in patients 
with an unusual or moderate 
CVD risk proÞle.

IIb B Weak 128

Homocysteine should not be 
measured to monitor CVD 
risk prevention.

III B Strong 128

LpPLA2 may be measured 
as part of a reÞned risk 
assessment in patients at 
high risk of a recurrent acute 
atherothrombotic event.

IIb B Weak 129

CVD, cardiovascular disease; LpPLA2¼ lipoprotein-associated phospholipase.
aClass of recommendation.
bLevel of evidence
cReferences.
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• Lack of speci�city: similar level of risk for other non-
cardiovascular causes of morbidity and mortality (e.g. other low-
grade in�ammatory diseases).

• Lack of dose–effect or causality relationship between changes in
hsCRP level and risk of CVD.

• Lack of speci�c therapeutic strategies or agents targeting circu-
lating CRP and showing reduction in CVD incidence.

• Higher cost of test compared with classical biological risk
factors (e.g. blood glucose and lipids).

• Similar statements are made for �brinogen.127

3.5.2 Thrombotic
Homocysteine
Homocysteine has shown precision as an independent risk factor
for CVD. The magnitude of effect on risk is modest, and consist-
ency is often lacking, mainly due to nutritional, metabolic (e.g.
renal disease), and lifestyle confounders.128 In addition, interven-
tion studies using B vitamins to reduce plasma homocysteine
have proven inef�cient in reducing risk of CVD.128 Together
with the cost of the test, homocysteine remains a ‘second-line’
marker for CVD risk estimation.

Lipoprotein-associated phospholipase 2
LpPLA2 has recently emerged as a marker with high consistency
and precision as an independent risk factor for plaque rupture
and atherothrombotic events. The magnitude of effect on risk
remains modest at the level of the general population; study limita-
tions or bias are present. Together with the cost of the test,
LpPLA2 remains a ‘second-line’ marker for CVD risk estimation.129

Most important new information

• Overall, emerging validated biomarkers may add value in a
context of specialized practice, to assess CVD risk more pre-
cisely in speci�c subgroups of patients at moderate, unusual,
or unde�ned levels of risk (e.g. asymptomatic patients without
multiple major classical risk factors, but affected with a rare
metabolic, in�ammatory, endocrine, or social condition asso-
ciated with atherosclerosis or displaying signs of atherosclerosis
progression).

Remaining gaps in the evidence

• For both biomarkers that are already well-established and novel
biomarkers that arise in the future there is a need to rede�ne
speci�c subgroups (intermediate, unde�ned, or unusual CVD
risk) that would bene�t most from the use of these biomarkers,
particularly in early primary prevention.

3.6 Imaging methods in cardiovascular
disease prevention
Key message

• Imaging methods can be relevant in CVD risk assessment in
individuals at moderate risk.

The consequences of coronary atherosclerosis can be objective-
ly assessed non-invasively using a variety of techniques such as
bicycle or treadmill exercise electrocardiogram (ECG) testing,
stress echocardiography, or radionuclide scintigraphy. Unfortu-
nately, sudden cardiac death is for many individuals the �rst mani-
festation of CVD. Detection of asymptomatic but diseased patients
is crucial for an adequate prevention programme.

At every level of risk factor exposure, there is substantial vari-
ation in the amount of atherosclerosis. This variation in disease
is probably due to genetic susceptibility, combinations of different
risk factors, and interactions between genetic and environmental
factors. Thus measurements of subclinical disease may be useful
for improving CVD risk prediction. Non-invasive tests such as
carotid artery scanning, electron-beam computed tomography,
multislice computed tomography, ankle–brachial BP ratios, and
magnetic resonance imaging (MRI) techniques offer the potential
for directly or indirectly measuring and monitoring atherosclerosis

Recommendations regarding imaging methods

Recommendations Class a Level b GRADE Ref C

Measurement of carotid 
intima-media thickness and/or 
screening for atherosclerotic 
plaques by carotid artery 
scanning should be 
considered for cardiovascular 
risk assessment in 
asymptomatic adults at 
moderate risk.

IIa B Strong
130Ð
132

Measurement of ankleÐ
brachial index should be 
considered for cardiovascular 
risk assessment in 
asymptomatic adults at 
moderate risk. 

IIa B Strong
133Ð
135

Computed tomography for 
coronary calcium should be 
considered for cardiovascular 
risk assessment in 
asymptomatic adults at 
moderate risk.

IIa B Weak
136Ð
138

Exercise electrocardiography 
may be considered 
for cardiovascular risk 
assessment in moderate-
risk asymptomatic adults 
(including sedentary 
adults considering starting 
a vigorous exercise 
programme), particularly 
when attention is paid to 
non-electrocardiogram 
markers such as exercise 
capacity.

IIb B Strong
46, 
139, 
140

aClass of recommendation.
bLevel of evidence.
cReferences.
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in asymptomatic persons, but cost-effectiveness needs to be
documented.

3.6.1 Early detection by magnetic resonance imaging
of cardiovascular disease in asymptomatic subjects
Magnetic resonance imaging has been evaluated as a means of
assessing coronary artery stenosis. The value of this technique is
still in question.141,142 Currently, the sensitivity, speci�city, and
robustness of this technique are not suf�ciently high to perform
screening for coronary stenoses in asymptomatic people.

Recently, coronary wall MRI detected positive remodelling in
asymptomatic patients with subclinical atherosclerosis, opening
up a new research �eld in the prevention of CVD.143 In vitro,
MRI can differentiate the plaque components of carotid, aortic,
and coronary artery specimens obtained at autopsy.144 The
current fast technical improvement has led to three-dimensional
black blood vessel wall imaging, which permitsin vivodistinction
of ‘normal’ and diseased vessel walls.145 At present, MRI is a prom-
ising research tool, but its routine use remains limited and it is not
yet appropriate for identifying patients at high risk for CVD.146

3.6.2 Coronary calcium score
Coronary calci�cations indicate atherosclerosis of coronary arter-
ies.147 On the other hand, atherosclerotic diseased coronary arter-
ies do not necessarily always show calci�cations. The extent of the
calci�cation correlates with the extent of the total coronary plaque
burden.147 Coronary calci�cation is an indicator neither of stability
nor of instability of an atherosclerotic plaque.148 In patients with an
ACS, the extent of coronary calci�cation is more pronounced than
in control groups without known CHD.149 Moreover, the in�am-
matory component has been emphasized for patients with an
ACS,150underlining the concept of evaluation of the total coronary
plaque burden by quanti�cation of coronary calcium burden.151

Most scienti�c data on the evaluation of the presence and extent
of coronary calci�ed atherosclerosis are related to the use of the
‘Agatston score’.152

Recently it has been suggested that the score is to be replaced
with volumetric variables, such as total calcium volume (mm3),
calcium mass (mg), or calcium density (mg/mm3). For clinical pur-
poses, however, it is not yet known if these new variables are su-
perior to the Agatston score.153 The value of the score can be
further increased if the age and gender distribution within percen-
tiles are also taken into account.153

The presence of coronary calcium is not in the least identical to
the presence of relevant coronary stenosis because its speci�city
regarding the presence of� 50% stenosis is only 50%. Misunder-
standings in recent years regarding coronary calcium and extrapo-
lation to CHD are due to a mix-up of de�nitions: while the
presence of coronary calcium proves a ‘coronary disease’ (coron-
ary atherosclerosis)—it does not necessarily re�ect ‘CHD’ de�ned
as � 50% narrowing.

In contrast, coronary calcium scanning shows a very high nega-
tive predictive value: the Agatston score of 0 has a negative pre-
dictive value of nearly 100% for ruling out a signi�cant coronary
narrowing.154 However, recent studies have questioned the nega-
tive predictive value of the calcium score: the presence of signi�-
cant stenosis in the absence of coronary calcium is possible. It is

more likely in the setting of unstable angina or non-ST elevation
myocardial infarction (NSTEMI) than in stable chest pain, and
occurs more frequently in younger patients.155 Many prospective
studies have shown the prognostic relevance of the amount of cor-
onary calcium.156

The Agatston score is an independent risk marker regarding the
extent of CHD157 and prognostic impact.158 The Rotterdam calci-
�cation study showed that the upper percentile range re�ects a
12-fold increased risk of myocardial infarction—independent of
the classical risk factors—even in elderly people.159

Although calcium scanning is widely applied today, it is especially
suited for patients at moderate risk.137 The radiation exposure
with the properly selected techniques is� 1 mSv. Recent studies
have also shown that multislice computed tomography coronary
angiography with decreased radiation levels is highly effective in
re-stratifying patients into either a low or high post-test risk
group.160

3.6.3 Carotid ultrasound
Population-based studies have shown a correlation between the
severity of atherosclerosis in one arterial territory and the involve-
ment of other arteries.130 Therefore, early detection of arterial
disease in apparently healthy individuals has focused on the periph-
eral arterial territory and on the carotid arteries. Risk assessment
using carotid ultrasound focuses on the measurement of the
intima-media thickness (IMT) and the presence of plaques and
their characteristics.

The IMT is a measurement not only of early atherosclerosis but
also of smooth muscle hypertrophy/hyperplasia, which may be
related even to genetic factors, hypertension, and age-related
sclerosis.132 Although there is a graded increase in cardiovascular
risk with rising IMT, a value. 0.9 mm is considered abnormal.
Persons without known CVD with increased IMT are at increased
risk for cardiac events and stroke. Although the relative risk for
events is slightly lower after statistical correction for the presence
of traditional risk factors, the risk remains elevated at higher
IMT.130

When IMT is used to predict the incidence of subsequent
stroke, the risk is graded but non-linear, with hazards increasing
more rapidly at lower IMTs than at higher IMTs.130 The risk of
cardiac events over 4–7 years of follow-up in patients free of clin-
ical CVD at baseline is also non-linearly related to IMT.131

Plaque is de�ned as a focal structure of the inner vessel wall at
least � 0.5 mm (or . 50%) of the surrounding IMT, or any IMT
measurement� 1.5 mm. Plaques may be characterized by their
number, size, irregularity, and echodensity (echolucent vs. calci-
�ed). Plaques are related to both coronary obstructive disease
and the risk of cerebrovascular events. Echolucent plaques imply
an increased risk of cerebrovascular events as compared with cal-
ci�ed plaques.

Plaque characteristics as assessed by carotid ultrasound were
found to be predictive of subsequent cerebral ischaemic
events.131 Patients with echolucent stenotic plaques had a much
higher risk of cerebrovascular events than subjects with other
plaque types. Ultrasound imaging of the carotids is a non-invasive
means of assessing subclinical atherosclerosis. The extent of
carotid IMT is an independent predictor of cerebral and coronary
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events, but seems to be more predictive in women than in men.
Consequently, carotid ultrasound can add information beyond as-
sessment of traditional risk factors that may help to make decisions
about the necessity to institute medical treatment for primary
prevention.

Arterial stiffness has been shown to provide added value in
strati�cation of patients. An increase in arterial stiffness is usually
related to damage in the arterial wall, as has been suggested in
hypertensive patients.161,162

3.6.4 Ankle–brachial index
The ankle–brachial BP index (ABI) is an easy-to-perform and re-
producible test to detect asymptomatic atherosclerotic disease.
An ABI , 0.9 indicates� 50% stenosis between the aorta and
the distal leg arteries. Because of its acceptable sensitivity (79%)
and speci�city, an ABI, 0.90 is considered to be a reliable
marker of PAD.133 An ABI value indicating signi�cant PAD adds
additional value to medical history, because 50–89% of patients
with an ABI, 0.9 do not have typical claudication.134 In asymptom-
atic individuals over 55 years of age, an ABI, 0.9 may be found in
12–27%. Even in an elderly population (71–93 years), a low ABI
further identi�es a higher risk CHD subgroup.

The ABI also predicts further development of angina, myocardial
infarction, congestive heart failure, CABG surgery, stroke, or
carotid surgery.135 ABI is inversely related to CVD risk.163

3.6.5 Ophthalmoscopy
It has been shown that the extent of retinal artery atherosclerosis
correlates with the extent of coronary artery atherosclerosis and
with serum levels of cholesterol, triglycerides, and apoB.164

However, its place in vascular disease risk assessment remains
uncertain.

Most important new information

• Vascular ultrasound screening is reasonable for risk assessment
in asymptomatic individuals at moderate risk.

• Measurement of coronary artery calci�cations may be reason-
able for cardiovascular risk assessment in asymptomatic adults
at moderate risk.

Remaining gaps in the evidence

• The role of computed tomography scanning for screening in
asymptomatic patients needs further investigation.

• Prospective studies proving the value of coronary scanning
(level A evidence) do not as yet exist.

• Magnetic resonance imaging for detection of vascular plaque
may be of interest for cardiovascular risk assessment in asymp-
tomatic adults, but studies are still not convincing.

3.7 Other diseases with increased risk for
cardiovascular disease
Atherosclerosis is an in�ammatory disease in which immune
mechanisms interact with metabolic risk factors to initiate, propa-
gate, and activate lesions in the arterial tree.170 Several diseases in

which infection or non-infectious in�ammatory processes deter-
mine the clinical picture are associated with an increased cardio-
vascular event rate. The optimal concept of prevention in these
diseases is not established, and randomized studies evaluating
prognosis are not available. Management of all risk factors
appears advisable even in the absence of randomized studies.

3.7.1 In�uenza
In�uenza epidemics are associated with an increased rate of cardio-
vascular events. In�uenza vaccination as a population-wide preven-
tion measure was associated with a very cost-effective reduction in
clinical events.171 Annual in�uenza vaccinations are recommended
for patients with established CVD.172

3.7.2 Chronic kidney disease
Hypertension, dyslipidaemia, and diabetes mellitus are common
among patients with CKD. They are major risk factors for the de-
velopment and progression of endothelial dysfunction and athero-
sclerosis, and contribute to the progression of renal failure—yet
these patients tend to be less intensely treated than patients
with normal renal function.165 In�ammatory mediators and promo-
ters of calci�cation are increased and inhibitors of calci�cation are
reduced in CKD, which favours vascular calci�cation and vascular
injury.136 Microalbuminuria increases cardiovascular risk two- to
four-fold. A decreasing GFR is an indicator of increased risk for
CVD and all-cause mortality. In a large cohort study, anaemia,
decreased GFR, and microalbuminuria were independently asso-
ciated with CVD and, when all were present, CVD was common
and survival was reduced.173

There is a quantitative association between decreased GFR and
cardiovascular risk: patients with moderately decreased renal

Recommendations regarding other diseases with
increased risk for cardiovascular disease

increased risk for cardiovascular disease

Recommendations Class a Level b GRADE Ref C

In patients with chronic 
kidney disease, risk factors 
have to be attended to in the 
same way as for very high-
risk persons. 

I C Strong
165, 
166

All persons with obstructive 
sleep apnoea should undergo 
medical assessment, including 
risk stratiÞcation and risk 
management.

IIa A Strong
167, 
168

All men with erectile 
dysfunction should undergo 
medical assessment, including 
risk stratiÞcation and risk 
management.

IIa B Strong 169

aClass of recommendation.
bLevel of evidence.
cReferences.
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function (stage 3, GFR 30–59 mL/min/1.73 m2) have a two- to
four-fold increased risk in comparison with persons free of CKD.
The risk increases to four- to 10-fold in stage 4 (GFR 15–
29 mL/min/1.73 m2) and to 10- to 50-fold in stage 5 renal failure
(end-stage) (GFR, 15 mL/min/ 1.73 m2 or dialysis).136

Lipid lowering appears useful in a wide range of patients with
advanced CKD but with no known history of myocardial infarction
or coronary revascularization: a reduction of low-density lipopro-
tein (LDL) cholesterol by 0.85 mmol/L (33 mg/dL) with daily 20 mg
simvastatin plus 10 mg ezetimibe reduced the incidence of major
events: non-fatal myocardial infarction, coronary death, non-
haemorrhagic stroke, or any arterial revascularization
procedure.174

3.7.3 Obstructive sleep apnoea
Obstructive sleep apnoea (OSA) is characterized by recurrent
partial or complete collapse of the upper airway during sleep. It
affects an estimated 9% of adult women and 24% of adult men.175

Repetitive bursts of sympathetic activity, surges of blood pres-
sure, and oxidative stress brought on by pain and episodic hypox-
aemia associated with increased levels of mediators of
in�ammation are thought to promote endothelial dysfunction
and atherosclerosis.176 OSA has been associated with a 70% rela-
tive increased risk of cardiovascular morbidity and mortality.177

The risk correlates in men between 40 and 70 years with the
apnoea–hypopnea index.167 Screening for and treating OSA in
patients with chronic coronary artery disease178 and hypertension
may result in decreased cardiac events and cardiac death.168

3.7.4 Erectile dysfunction
Erectile dysfunction (ED), de�ned as the consistent inability to
reach and maintain an erection satisfactory for sexual activity,
af�icts to some degree 52% of male adults between the ages of
40 and 70 years. It may result from psychological, neurological,
hormonal, arterial, or cavernosal impairment or from a combin-
ation of these factors.179–181 ED has a high prevalence in indivi-
duals with multiple cardiovascular risk factors and in individuals
with CVD. ED is a marker for CVD and a predictor of future
events in middle-aged and older men but not beyond that
offered by the Framingham risk score.182–184 Lifestyle modi�cation
and pharmacotherapy for risk factors are effective in improving
sexual function in men with ED.169

3.7.5 Autoimmune diseases
3.7.5.1 Psoriasis
Psoriasis appears to be an independent risk factor for myocardial
infarction. The pathophysiology of psoriasis is characterized by
an increase in antigen presentation, T-cell activation, and
T-helper cell type 1 cytokines, resulting in thick scaly red plaques
and, in some patients, arthritis. Psoriasis is also associated with
markers of systemic in�ammation, such as increased CRP levels.
The risk of myocardial infarction associated with psoriasis is great-
est in young patients with severe psoriasis, is attenuated with age,
and remains increased even after controlling for traditional cardio-
vascular risk factors. Patients in whom the psoriasis was classi�ed
as severe had a higher risk of myocardial infarction than patients
with mild psoriasis, consistent with the hypothesis that greater

immune activity in psoriasis is related to a higher risk of myocardial
infarction and cardiovascular death.185,186

3.7.5.2 Rheumatoid arthritis
Patients with rheumatoid arthritis are twice as likely as the general
population to suffer a myocardial infarction. They also have a
higher mortality rate after myocardial infarction, which may only
partially explain their reduced life expectancy (5–10 years
shorter than patients without the condition). CVD risk is increased
at an early stage of the disease, and this risk excess beyond trad-
itional risk parameters is possibly related to systemic in�ammation
and a prothrombotic state.

Modi�cation of traditional risk factors through lifestyle changes,
including dietary modi�cation, smoking cessation, and increased
daily exercise, and appropriate drug prescription may be of par-
ticular importance in reducing risk in individuals with psoriasis or
rheumatoid arthritis.

Non-randomized observational studies report reductions in
rates of vascular events and cardiovascular death among both
rheumatoid arthritis and psoriasis patients being treated with
weekly methotrexate in doses ranging from 10 to 20 mg.187,188

3.7.5.3 Lupus erythematosus
Systemic lupus erythematosus is associated with endothelial dys-
function and an increased risk of CHD that is not fully explained
by classic CHD risk factors.

Chronic systemic in�ammation in patients with systemic lupus
erythematosus results in coronary microvascular dysfunction,
with abnormalities in absolute myocardial blood �ow and coronary
�ow reserve. Coronary microvascular dysfunction is an early
marker of accelerated coronary atherosclerosis and may contrib-
ute to the increased cardiovascular morbidity and mortality in
these patients.189

3.7.6 Periodontitis
Periodontitis is associated with endothelial dysfunction, athero-
sclerosis, and an increased risk of myocardial infarction and
stroke. Confounding factors, however, such as low socio-economic
status and cigarette smoking probably play a signi�cant role. Peri-
odontitis can be considered a risk indicator for a generally
decreased cardiovascular health status and its treatment is indi-
cated as well as management of the underlying cardiovascular
risk factors.190

3.7.7 Vascular disease after radiation exposure
The incidence of ischaemic heart disease and stroke is increased
many years after radiation exposure for treatment of lymphomas
and for breast cancer, as well as for head and neck cancer.191,192

From descriptive studies, the lesions exhibit typical features of
atherosclerosis, including lipid accumulation, in�ammation, and
thrombosis.193 Patients after radiation exposure should make
great efforts to optimize their risk factor pro�le. The use of
statins may be reasonable.

3.7.8 Vascular disease after transplantation
Cardiac allograft vasculopathy is the leading cause of late morbidity
and mortality in heart transplant patients. Although it is a complex
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multifactorial process arising from immune and non-immune
pathogenic mechanisms, the approach to cardiac allograft vasculo-
pathy has been modi�cation of underlying traditional risk factors
and optimization of immune suppression. Important non-immune
risk factors include hyperlipidaemia, hypertension, diabetes melli-
tus, and hyperhomocysteinaemia. Administration of statins
improves endothelial dysfunction, slows the development of
cardiac allograft vasculopathy, and bene�ts survival.194

Most important new information

• Treatment of periodontitis improves endothelial dysfunction,
one of the earliest signs of atherosclerosis.

Remaining gaps in the evidence

• Randomized studies are lacking except in patients with vascular
disease after transplantation.

4. How can cardiovascular disease
prevention be used?

4.1 Principles of behaviour change
Key message

• Cognitive-behavioural methods are effective in supporting
persons in adopting a healthy lifestyle.

4.1.1 Introduction: why do individuals �nd it hard to
change their lifestyle?
‘Lifestyle’ is usually based on long-standing behavioural patterns.
These patterns are framed during childhood and adolescence by
an interaction of environmental and genetic factors, and are main-
tained or even promoted by the individual’s social environment as
an adult. Consequently, marked differences in health behaviour
between individuals but also between social groups can be
observed. In addition, these factors impede the ability to adopt a
healthy lifestyle, as does complex or confusing advice from
medical caregivers. Increased awareness of these factors facilitates
empathy and counselling (simple and explicit advice), thus facilitat-
ing behavioural change.

4.1.2 Effective communication and cognitive-behavioural
strategies as a means towards lifestyle change
A friendly and positive interaction is a powerful tool to enhance an
individual’s ability to cope with illness and adhere to recommended
lifestyle changes and medication use. Social support provided by
caregivers may be of importance in helping individuals maintain
healthy habits and follow medical advice. It is of special importance
to explore each individual patient’s experiences, thoughts and
worries, previous knowledge, and circumstances of everyday life.
Individualized counselling is the basis for evoking and gaining the
patient’s motivation and commitment. Decision-making should be
shared between caregiver and patient (also including the indivi-
dual’s spouse and family) to the greatest extent possible, thus
ensuring the active involvement of both the individual and family
in lifestyle change and medication adherence. Use of the following
principles of communication will facilitate treatment and
prevention of CVD (Table7).

Recommendations for behavioural change

Recommendations Class a Level b GRADE Ref C

Established cognitive-
behavioural strategies (e.g. 
motivational interviewing) to 
facilitate lifestyle change are 
recommended.

I A Strong
195, 
196

Specialized healthcare 
professionals (e.g. nurses, 
dieticians, psychologists, etc.) 
should be involved whenever 
necessary and feasible.

IIa A Strong
185, 
197, 
198

In individuals at very high 
CVD risk, multimodal 
interventions, integrating 
education on healthy lifestyle 
and medical resources, 
exercise training, stress 
management, and counselling 
on psychosocial risk factors, 
are recommended.

I A Strong

195, 
197, 
199, 
200

CVD ¼ cardiovascular disease.
aClass of recommendation.
bLevel of evidence.
cReferences.

Table 7 Principles of effective communication to
facilitate behavioural change

¥ Spend enough time with the individual to create a therapeutic 
 relationshipÑeven a few more minutes can make a difference.

¥ Acknowledge the individualÕs personal view of his/her disease and 
 contributing factors.

¥ Encourage expression of worries and anxieties, concerns, and
 self-evaluation of motivation for behaviour change and chances of 
 success.

¥ Speak to the individual in his/her own language and be supportive of 
 every improvement in lifestyle.

¥ Ask questions to check that the individual has understood the advice 
 and has any support they require to follow it.

¥ Acknowledge that changing life-long habits can be difÞcult and that 
 gradual change that is sustained is often more permanent than a 
 rapid change.

¥ Accept that individuals may need support for a long time and that 
 repeated efforts to encourage and maintain lifestyle change may be 
 necessary in many individuals.

¥ Make sure that all health professionals involved provide consistent 
 information.
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In addition, caregivers can build on cognitive-behavioural
strategies to assess the individual’s thoughts, attitudes, and beliefs
concerning the perceived ability to change behaviour, as well as
the environmental context in which attempts to change are
made, and subsequently to maintain the lifestyle change. Behav-
ioural interventions such as ‘motivational interviewing’201 increase
motivation and self-ef�cacy.196 Previous negative, unsuccessful
attempts to change behaviour often result in a lower self-ef�cacy
for future change and often lead to another failure. A crucial
step in changing negative into positive experiences is to help the
individual to set realistic goals; goal setting combined with self-
monitoring of the chosen behaviour are the main tools needed
to achieve a positive outcome.202 This will in turn increase self-
ef�cacy for the chosen behaviour; thereafter, new goals can be
set. Moving forward in small, consecutive steps is one of the key
points in changing long-term behaviour.202 The way of offering
relevant information must be sensitive to the particular patient’s
thoughts and feelings. As this is a speci�c clinical skill, communica-
tion training is important for health professionals.

The following ‘Ten strategic steps’ have been shown to enhance
counselling on behavioural change effectively (Table8).203

4.1.3 Multimodal, behavioural interventions
Combining the knowledge and skills of clinicians (such as physicians,
nurses, psychologists, and experts in nutrition, cardiac rehabilitation,
and sports medicine) into multimodal, behavioural interventions can
help to optimize the preventive efforts.35,202,204,205

Multimodal, behavioural interventions are especially recommended
for individuals at very high risk and for individuals with clinically mani-
fest CVD. These interventions include promoting a healthy lifestyle
through behaviour change including nutrition, exercise training, relax-
ation training, weight management, and smoking cessation pro-
grammes for resistant smokers.204 They enhance coping with
illness, and improve adherence with prescribed medication, efforts

to change behaviour, and cardiac outcome.195,197,198 Psychosocial
risk factors (stress, social isolation, and negative emotions) that may
act as barriers against behaviour change should be addressed in tai-
lored individual or group counselling sessions.195,204

There is evidence that more extensive/longer interventions may
lead to better long-term results with respect to behaviour change
and somatic outcome.195,202 Individuals of low socio-economic
status, of older age, or female gender may need tailored
programmes in order to meet their speci�c needs regarding infor-
mation and emotional support.202,206

Most important new information

• Evidence has con�rmed cognitive-behavioural strategies to be
essential components of interventions targeting lifestyle change.

Remaining gaps in the evidence

• There is limited evidence to determine which interventions
are the most effective in speci�c groups (e.g. young–old,
male–female, high–low socio-economic status).

4.2 Smoking
Key messages

• Changing smoking behaviour is a cornerstone of improved CVD
health.

• Public health measures including smoking bans are crucial for the
public’s perception of smoking as an important health hazard.

4.2.1 Introduction
Smoking is an established cause of a plethora of diseases and is re-
sponsible for 50% of all avoidable deaths in smokers, half of these
due to CVD. Smoking is associated with increased risk of all types

Recommendations regarding smoking

Recommendations Class a Level b GRADE Ref C

All smoking is a strong and 
independent risk factor for 
CVD and has to be avoided.

I B Strong
207, 
208

Exposure to passive smoking 
increases risk of CVD and has 
to be avoided.

I B Strong
209, 
210

Young people have to be 
encouraged not to take up 
smoking.

I C Strong 211

All smokers should be given 
advice to quit and be offered 
assistance.

I A Strong
212, 
213

CVD ¼ cardiovascular disease.
aClass of recommendation.
bLevel of evidence.
cReferences.

Table 8 ‘Ten strategic steps’ to enhance counselling
on behavioural change 203

1. Develop a therapeutic alliance.

2. Counsel all individuals at risk of or with manifest cardiovascular 
 disease.

3.  Assist the individuals to understand the relationship between their 
 behaviour and health.

4. Help individuals assess the barriers to behaviour change.

5. Gain commitments from individuals to own their behaviour change.

6. Involve individuals in identifying and selecting the risk factors to 
 change.

7. Use a combination of strategies including reinforcement of the 
 individualÕs capacity for change.

8. Design a lifestyle modiÞcation plan.

9. Involve other healthcare staff whenever possible.

10. Monitor progress through follow-up contact.
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of CVD—CHD, ischaemic stroke, PAD, and abdominal aortic an-
eurysm. According to estimations from SCORE, 10-year fatal car-
diovascular risk is approximately doubled in smokers. However,
while the relative risk of myocardial infarction in smokers. 60
years of age is doubled, the relative risk in smokers, 50 years is
�ve-fold higher than in non-smokers.214,215

Although the rate of smoking is declining in Europe, it is still very
common among individuals who have received little education; and
widening education-related inequalities in smoking-cessation rates
have been observed in many European countries in recent
years.214,216,217 In the EUROASPIRE III survey 30% of the partici-
pants were smokers up to the time of their coronary event and
this had dropped by one-half after a median of 1.5 years. The
survey also found that evidence-based treatment for smoking ces-
sation was underused.33

Historically, smoking was taken up mainly by men, but in recent
years women have caught up or even surpassed the level of
smoking among men in many regions. Risk associated with
smoking is proportionately higher in women than in men.215,218

This could be related to differences in nicotine metabolism as
women metabolize nicotine faster than men, especially women
taking oral contraceptives,219 with possible effects on compensa-
tory smoking.

4.2.2 Dosage and type
The risk associated with smoking is primarily related to the amount
of tobacco smoked daily and shows a clear dose–response rela-
tionship with no lower limit for deleterious effects.220 Duration
also plays a role, and, while cigarette smoking is the most
common, all types of smoked tobacco, including low-tar (‘mild’
or ‘light’) cigarettes, �lter cigarettes, cigars, and pipes, are
harmful.211 Smoking is deleterious regardless of how it is
smoked, including by waterpipe.221,222 Tobacco smoke is more
harmful when inhaled, but smokers who claim not to inhale the
smoke (e.g. pipe smokers) are also at increased risk of
CVD.211,220 Also smokeless tobacco is associated with a small
but statistically signi�cant increased risk of myocardial infarction
and stroke.223

4.2.3 Passive smoking
Accumulated evidence shows that passive smoking increases the
risk of CHD, with a higher relative risk than might be
expected.209,224,225 A non-smoker living with a smoking spouse
has an estimated 30% higher risk of CVD,224 and exposure in
the work place is associated with a similar risk increment.226

Owing to the high incidence of CHD and the widespread exposure
to environmental tobacco smoke, a large health bene�t is expected
to result from reducing environmental tobacco smoke. Indeed, re-
cently imposed public smoking bans in different geographical loca-
tions have led to a signi�cant decrease in the incidence of
myocardial infarction.210 Thus exposure to environmental
tobacco smoke should be minimized in both asymptomatic indivi-
duals and individuals with CHD.

4.2.4 Mechanism by which tobacco smoking increases risk
Although the exact mechanisms by which smoking increases the
risk of atherosclerotic disease are not fully understood, it is clear

that smoking enhances both the development of atherosclerosis
and the occurrence of superimposed thrombotic phenomena.
Mechanisms have been elucidated through observational cohort
studies, experimental observations, and laboratory studies in
humans and animals,225,227–229 and point towards the effect of
smoking on endothelial function,230,231 oxidative processes,232

platelet function,233 �brinolysis, in�ammation,234–238 and modi�ca-
tion of lipids and vasomotor function. Reactive oxygen species—
free radicals—present in inhaled smoke cause oxidation of
plasma LDL; oxidized LDL triggers the in�ammatory process in
the intimae of the arteries through stimulation of monocyte adhe-
sion to the vessel wall, resulting in increased atheroscler-
osis.232,239–242 In experimental studies, several of these effects
are fully or partly reversible within a very short time.243,244 A bi-
phasic response to smoking cessation of CVD risk is thus compat-
ible with the dual effects of smoking—acute and reversible effects
on haemostasis and plaque stability and a more prolonged effect
on plaque formation. Plaque formation is not thought to be fully
reversible and thus smokers would never be expected to reach
the risk level of never-smokers concerning CVD. Most current evi-
dence suggests that nicotine exposure from smoking has only
minor effects on the atherosclerotic process,227,245 and nicotine
replacement has shown no adverse effect on outcomes in patients
with cardiac disease.246,247

4.2.5 Smoking cessation
The bene�ts of smoking cessation have been extensively
reported.1,37,248 Some of the advantages are almost immediate;
others take more time. Studies of subjects without established
CVD �nd risk in former smokers to be moderate between that
of current and never-smokers.248 Stopping smoking after a myo-
cardial infarction is potentially the most effective of all preventive
measures: a systematic review and meta-analysis of 20 cohort
studies of smoking cessation after myocardial infarction showed
a mortality bene�t of 0.64 [95% con�dence interval (CI) 0.58–
0.71] compared with continued smokers.249 The mortality
bene�t was consistent over gender, duration of follow-up, study
site, and time period. The risk is rapidly reduced after cessation,
with signi�cant morbidity reductions reported within the �rst 6
months.250 Also, evidence from randomized trials supports the
bene�cial effect of smoking cessation.251,252 Further evidence
points towards risk of CVD approaching the risk of never-smokers
within 10–15 years, without ever quite reaching the same level.248

Smoking reduction cannot generally be recommended as an al-
ternative to quitting smoking due to compensatory smoking to
avoid nicotine abstinence symptoms, which causes harm reduction
to be disproportionately smaller than assumed. Smoking reduction
has not been shown to increase probability of future smoking ces-
sation, but some advocate nicotine-assisted smoking reduction in
smokers unable or unwilling to quit.11,253

Quitting must be encouraged in all smokers (Table9). There is
no age limit to the bene�ts of smoking cessation. Non-smokers
at high risk and patients with established CVD should be advised
about the effects of passive smoking and recommended to avoid
exposure. Public health measures such as smoking bans, tobacco
taxation, and media campaigns are ef�cient aids in preventing
smoking uptake and supporting smoking cessation.
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Smoking cessation therapies
Quitting smoking is a complex and dif�cult process because the
habit is strongly addictive both pharmacologically and psychologic-
ally. The most important predictor of successful quitting is motiv-
ation, which can be increased by professional assistance. The
physician’s �rm and explicit advice that the person should stop
smoking completely is important in starting the smoking-cessation
process and increases the odds of success (OR 1.66, 95% CI 1.42–
1.94).225,254 The momentum for smoking cessation is particularly
strong at the time of diagnosing CVD and in connection with an
invasive treatment such as CABG, percutaneous transluminal cor-
onary angioplasty, or vascular surgery. Assessing whether the
person is willing to try to quit, brief reiteration of the cardiovascu-
lar and other health hazards, and agreeing on a speci�c plan with a
follow-up arrangement are the decisive �rst steps of the brief initial
advice in clinical practice (Figure7).

Table 9 The ‘Five As’ for a smoking cessation strategy
for routine practice

AÐSK:
Systematically inquire about smoking status at 
every opportunity.

AÐADVISE: Unequivocally urge all smokers to quit.

AÐASSESS:
Determine the personÕs degree of addiction and 
readiness to quit

AÐASSIST:
Agree on a smoking cessation strategy, including 
setting a quit date, behavioural counselling, and 
pharmacological support.

AÐARRANGE: Arrange a schedule of follow-up.

A1: ASK
Do you use

tobacco? No

Yes

Advise to quit in a clear, strong and personalised manner.

"Tobacco use increases the risk of developing a heart attack and/or stroke.
Quitting tobacco use is the one most important thing you can do

to protect your heart and health, you have to quit now."

Are you willing to make a quit attempt now?

Yes No

Assist in preparing a quitting plan
  ¥ Set quit date
  ¥ Inform family and friends
  ¥ Ask for their support
  ¥ Remove cigarettes/tobacco
  ¥ Remove objects/articles that prompt you
    to smoke
  ¥ Arrange follow-up visita

At follow-up visit
  ¥ Congratulate success and reinforce
  ¥ If patient has relapsed consider more
    intensive follow-up and support from family

Provide information
on health hazards of
tobacco and give
leaflet to the patient

Reinforce message that
tobacco increases risk of

heart disease.

A2: ADVISE

A3: ASSESS

A4: ASSIST

A5: ARRANGE

aIdeally second follow-up visit is recommended within the same month and every month thereafter for 4 months and evaluation after one year.
If not feasible, reinforce counselling whenever the patient is seen for blood pressure monitoring.

Taken with permission from WHO CVD risk management package.

Figure 7 Modi�ed World Health Organization (WHO) smoking cessation algorithm.
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Smoking cessation initiated during hospital admission should
continue for a prolonged period after discharge to increase
success.255 A smoking history including daily tobacco consumption
and degree of addiction (most commonly assessed by the Fager-
ström test256) should guide the degree of support and pharmaco-
logical aid. Smokers should be advised about expected weight gain
of on average 5 kg and that the health bene�ts of tobacco cessa-
tion far outweigh the risks from weight gain.

4.2.6 Pharmacological aids
Most quitters quit unassisted. However, pharmacological aid con-
sistently improves quit rates. Consequently, in addition to advice
and encouragement, nicotine replacement therapy (NRT) and, in
some cases, varenicline or bupropion should be offered to assist
cessation. NRT, varenicline, or bupropion should normally be
prescribed as part of an abstinent-contingent treatment, in
which the smoker makes a commitment to stop smoking on a
particular date.253 NRT in the form of chewing gum, transdermal
nicotine patches, nasal spray, inhaler, and sublingual tablets has
been widely used in helping quitters manage the dif�cult initial
weeks or months of smoking cessation.225 All available forms
of NRT are effective: in a systematic review, the OR for abstin-
ence with NRT vs. control was 1.58 (95% CI 1.50–1.66).213

The use of nicotine patches has been successfully tested,
without adverse effects, in patients who have CHD.257 The anti-
depressant bupropion aids long-term smoking cessation with a
similar ef�cacy to NRT. A meta-analysis of 36 trials comparing
long-term cessation rates using bupropion vs. control yielded a
relative success rate of 1.69 (95% CI 1.53–1.85), whereas evi-
dence of any additional effect of adding bupropion to NRT was
insuf�cient.258

The partial nicotine receptor agonist varenicline has been shown
to increase the chances of successful long-term smoking cessation
between two- and three-fold compared with pharmacologically
unassisted quit attempts, including in patients with CVD.259,260

Trials suggested a modest bene�t of varenicline over NRT and bu-
propion.258,261 Side effects are rare, but, due to links with serious
adverse events, including depressed mood, agitation, and suicidal
thoughts, a psychiatric history and suicide risk assessment should
be taken before prescription. Current morbidity or distress may
suggest use of cessation counselling and postponement of drugs
other than NRT. A meta-analysis based on 14 RCTs including
8216 patients has indicated a small but signi�cantly increased risk
of cardiovascular events associated with the use of varenicline.262

Following that, the European Medicines Agency has announced
that the slightly increased risk of cardiovascular events associated
with varenicline does not outweigh the bene�ts of the drug in
helping people to stop smoking.263 Cytisine, a low cost partial
nicotine receptor agonist available in some European countries,
also seems to increase the chances of quitting, but the evidence
at present is not conclusive.264

The antidepressant nortriptyline and the antihypertensive drug
clonidine aid smoking cessation,258,265 but, owing to side effects,
are second-line choices. All pharmacological smoking-cessation
therapies should be used short term since long-term safety and ef-
�cacy data are lacking.

4.2.7 Other smoking-cessation interventions
Both individual and group behavioural interventions are effective in
helping smokers quit.225,266–268Support from the partner and family
is very important. Getting other family members who smoke to quit
together with the patient is of great help. Physicians and caregivers
must set an example by not smoking. There is no consistent evi-
dence that acupuncture, acupressure, laser therapy, hypnotherapy,
or electrostimulation are effective for smoking cessation.269

Most important new information

• New evidence on the health effects of passive smoking strength-
ens the recommendation on passive smoking.

Remaining gaps in the evidence

• More ef�cient, safe, and cost-effective smoking cessation aids.

4.3 Nutrition
Key messages

• A healthy diet has the following characteristics:

• Energy intake should be limited to the amount of energy needed
to maintain (or obtain) a healthy weight, i.e. a BMI, 25 kg/m2.

• In general, when following the rules for a healthy diet, no dietary
supplements are needed.

¥ Saturated fatty acids to account for <10% of total energy intake, 
 through replacement by polyunsaturated fatty acids.

¥ Trans-unsaturated fatty acids: as little as possible, preferably no intake 
 from processed food, and <1% of total energy intake from natural 
 origin.

¥ <5 g of salt per day.

¥ 30Ð45 g of Þbre per day, from wholegrain products, fruits, 
 and vegetables.

¥ 200 g of fruit per day (2Ð3 servings).

¥ 200 g of vegetables per day (2Ð3 servings).

¥ Fish at least twice a week, one of which to be oily Þsh.

¥ Consumption of alcoholic beverages should be limited to two glasses 
 per day (20 g/day of alcohol) for men and one glass per day
 (10 g/day of alcohol) for women.

Recommendation regarding nutrition

Recommendations Class a Level b GRADE Ref C

A healthy diet is 
recommended as being 
the cornerstone of CVD 
prevention.

I B Strong
270Ð
276

CVD ¼ cardiovascular disease.
aClass of recommendation.
bLevel of evidence.
cReferences.
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